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PREFACE

This instruction manual has been prepared to provide the user with information required
to operate and perform routine maintenance on Laser lonics gas-ion laser systems. These
systems are comprised of Models 1400, Rainbow, and B Series laser heads with Model 851 or
851B power supply. It is recommended that all equipment operators and maintenance
personnel familiarize themselves with the information in this manual prior to operating the

laser system or performing any system maintenance.

VISIBLE AND INVISIBLE LASER
RADIATION. AVOID EYE OR
SKIN EXPOSURE TO DIRECT
OR SCATTERED RADIATION.

CLASS IV LASER PRODUCT

Center of Devices and Radiation Health (CDRH) warning logotypes, similar to
that shown here, appear on each laser. They indicate the CDRH classification
and certify that the output power of the laser will not exceed the power level

printed on the logotype.



| WARNING I

HIGH VOLTAGE
IS USED IN THE OPERATION
OF THIS EQUIPMENT

DEATH ON CONTACT

MAY RESULT IF OPERATING PERSONNEL
FAIL TO OBSERVE SAFETY PRECAUTIONS

BE CAREFUL TO AVOID CONTACT WITH HIGH-VOLTAGE CIRCUIT
CONNECTIONS WHILE CHECKING OR SERVICING THIS EQUIPMENT.
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SECTION 1
SAFETY AND COMPLIANCE

1.1 SAFETY ISSUES

This safety section should be thoroughly
reviewed prior to operating the Laser Ionics
laser systems described in this manual
Safety precautions contained herein and
throughout the manual must be carefully
followed to ensure that all personnel who
operate or maintain the laser are protected
from accidental or unnecessary exposure to
laser radiation.

Hazards associated with lasers generally
fall into the following categories:

1. Exposure to visible or invisible laser
radiation which may result in damage
to the eyes or skin.

Exposure to chemical hazards such as
particulate matter or  gaseous
substances released as a result of
laser material processing, or as a
byproduct of the lasing process itself.

Electrical hazards inherent in the
laser power supply or laser head and
associated circuits. Some high power
lasers operate at extremely high
voltages (600 volts or more). Death or
serious injury may result from
contact.

Secondary hazards such as:

High acoustical noise levels
Pressurized lamps, cylinders,
hoses, etc.

Moving parts in parts handling
systems

EMI/RFI emissions from faulty
equipment

Pressurized liquids and gases

It is recommended that you obtain a copy
of ANSI Z136.1, American National Standard
for the Safe Use of Lasers, published by the
American National Standards Institute (ANSI),
1430 Broadway, New York, NY 10018, (212)
354-3300. This  publication is a
comprehensive guide to the safety compliance
standards required of laser users. While
ANSI is a non-government agency, and has
no enforcement authority, OSHA, the
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Occupational Safety and Health
Administration uses ANSI Z136.1 as its laser
safety standard. Therefore, ANSI Z136.1
does, in effect, carry the full authority of
Federal Regulations. Additional information
can be obtained from the Laser Institute of
America, 12424 Research Pkwy., Orlando, FL
32826, (407) 380-1553.

1.2 RADIATION SAFETY CONSIDERATIONS

Laser Ionics certifies that all lasers

described in this manual comply with safety
requirements for «class IV lasers as
established by the United States Government
in Title 21, Code of Federal Regulations,
Subchapter J, (21 CFR). Laser Ionics has
designed the following engineering controls
into their lasers in compliance with 21 CFR
and to ensure the safety of the laser user.
Any modification or use of these lasers which
changes, disables, or violates the functions of
these engineering controls invalidates the
Class IV certification of the laser and can be
a violation of Federal Regulations.
1. KEYSWITCH — A keyswitch is
provided on the power supply to enable
operation of the laser. The actual function of
this switch is to make control power available
to the system. The keyswitch is designed so
that the key is removable only in the OFF
position. This assures that the use of the
laser is controlled and prevents use by
unauthorized personnel.

2. PROTECTIVE HOUSING — The optical
cavity of the laser is completely covered by
an aluminum housing which is interlocked to



the power supply such that power to the
laser will be shut down immediately when
the housing is removed. The laser beam is
enclosed within this housing until it exits
through the safety shutter. The laser should
never be operated with the protective housing
opened, removed or displaced and the
interlock system defeated. The only
exception to this is when service is being
performed on the laser head by QUALIFIED
personnel.

3. REMOTE CONNECTOR This
connector is a BNC female type and is
located on the rear of the power supply. It
is also referred to by its designation, J3. It
provides a means of connecting an external
interlock such as a switch on the door to the
room containing the laser. This could be
used to control access to the laser operating
area and prevent accidental exposure to laser
radiation. Opening the contacts of the switch
will cause the power supply to immediately
shut down, thereby terminating the lasing
action. The power supply is shipped with a
male plug which closes the contacts.

4, EMISSION INDICATOR An
{lluminated emission indicator is located on
the front panel of the power supply. Another
is located on the laser head near the laser
beam output port. A third is located on the
remote control module, if installed. These
emission indicators illuminate when the
master keyswitch is turned on. Since there
is a timer circuit in the power supply which
delays the application of power to the laser
tube for 30 seconds after the "POWER ON"
switch has been depressed, these indicators
warn of impending lasing action. The
emission indicators remain on as long as the
keyswitch is in the ON position.

5. BEAM ATTENUATOR (SAFETY
SHUTTER) — A mechanical shutter is located
on the output aperture end of the laser head.
When closed, it prevents laser radiation from
escaping from the optical cavity. The shutter
is closed by pushing the shutter knob in
towards the beam aperture.

6. LOCATION OF CONTROLS — Controls
for operation of the laser are located so that
exposure to laser radiation is not required
during operation.

7. WARNING LABELS — Certification and
warning labels are affixed to the laser to
assure the user that it complies with 21
CFR, to provide information on the radiation
output of the laser, and to warn the user
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against accidental exposure to laser radiation.
Figure 1-1 identifies the labels and depicts
where they are located on the laser system.

8. OPERATION AND MAINTENANCE —
Instructions for safely operating and
maintaining the laser are provided in this
manual.

9. MAXIMUM OUTPUT POWER — The
maximum output power accessible from each
model laser is given in Figure 1-2.

10. LASER BEAM PATH — Figures 1-3
and 1-4 illustrate the laser beam path for the
gas-ion laser systems.

1.3 PROTECTIVE EYEWEAR

It is recommended that laser-safe eyewear
which has the capability of attenuating
specific laser wavelengths be worn at all
times when operating Laser Ionics’ lasers.
Since Laser Ionics manufactures argon,
krypton, neon and mixed gas ion lasers, it is
not possible to attenuate all possible
wavelengths with a single unit of eyewear.
Such a device would attenuate almost the
entire visible spectrum. Eyewear specific to
the type of laser being operated should be
used. It is important to safety that protective
eyewear be worn when servicing the laser
while emitting radiation with the head cover
removed.

Laser eyewear may be obtained from:

Glendale Optical Company, Inc.
130 Crossways Park Drive
Woodbury Park, NY 11797
(516) 921-5800

Fred Reed Optical, Inc.
P. O. Box 1336
Albuquerque, NM 87103
(505) 265-3531

Rockwell Associates, Inc.
P. O. Box 43010
Cincinnati, OH 45243
(513) 271-1568

Spectra Optics

12317 Gladstone Avenue
Sylmar, CA 91342

(818) 361-0949

These references are provided as a service
to our customers. This does not constitute
an endorsement by Laser Ionics of the
products supplied by any of the named
companies.



WARNING LABEL LOCATION AND IDENTIFICATION

AVOID EXPOSURE

VISIBLE AND/OR INVISIBLE
LASER RADIATION
- IS EMITTED FROM THIS
APERTURE

ouTPuUT

LASER IONICS. INC.

SER.
wooe. [N "

MANUFACTURED
WAVE LENGTH
EMERGENT BEAM SIZE

BEAM DIVERGENCE
MAXIMUM AVERAGE

Comphies with 21 CFR 1040.10

ana 1040 1 Class IV Laser.
701 SOUTH RIARMAN ROAD - ORLANDO FLA USA

VISIBLE AND INVISIBLE LASER
RADIATION WHEN OPEN AND

INTERLOCK IS DEFEATED. AVOID EYE
OR SKIN EXPOSURE TO DIRECT OR

SCATTERED RADIATION.

VISIBLE AND/OR INVISIBLE LASER RADIATION. AVOID EYE OR
SKIN EXPOSURE TO DIRECT OR SCATTERED RADIATION.

C/W - Argon
(Maximum Power)

CLASS IV LASER PRODUCT

Figure 1-1 Warning Label Location and Identification (Sheet 1)
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(DANGER>

ELECTROCUTION HAZARD
KEEP CLEAR OF ELECTRICAL
CONNECTIONS
DEATH OR SERIOUS INJURY CAN
RESULT IF LASER IS ENERGIZED.

887

OANGER

VISIBLE AND INVISIBLE LASER
RADIATION WHEN OPEN AND
INTERLOCK 1S DEFEATED. AVOID EYE
OR SKIN EXPOSURE TO DIRECT OR
SCATTERED RADIATION.

PN 60911.01

(DANGER

ELECTROCUTION HAZARD
KEEP CLEAR OF ELECTRICAL
CONNECTIONS
DEATH OR SERIOUS INJURY CAN
RESULT IF LASER IS ENERGIZED.
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WHEN THE INTERLOCK IS DEFEATED AND THE
POWER ON, THE PLASMA TUBE LEADS, TERMINAL
STRIPS, AND ALL OTHER ELECTRONIC COMPONENTS

ARE AT HIGH VOLTAGE
4
PMN 8006101
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MODEL 1400

ARGON KRYPTON MIXED GAS
Max. Power Max. Power Max Power

Model (Watts) Model (Watts) Model (Watts)
1400-2A 2.5 1400-1K 2.0 1400-1AK 2.5
1400-5A 9 1400-2K 3.8 1400-2AK 5.0
1400-10A 16 1400-3K 6.0 1400-3AK 9
1400-15A 24 1400-4K 8.2 1400-4AK 12
1400-20A 29 1400-~5K 11.0 1400-6AK 14
1400-25A 36

VISIBLE AND INVISIBLE LASER
RADIATION. AVOID EYE OR
SKIN EXPOSURE TO DIRECY
OR SCATTERED RADIATION.

C/W - Argon
(Maximum Power)

CLASS IV LASER PRODUCY

Figure 1-2 Maximum Power Levels and Danger Sign (Sheet 1)
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NEON LASER

MODEL 1400
MODEL MAX POWER (WATTS)
1400-1N 3
1400-05N 2

VISIBLE AND INVISIBLE LASER
RADIATION. AVOID EVE OR
SKIN EXPOSURE TO DIRECT
OR SCATTERED RADIATION.

C/W - Neon
Maximum Power)
CLASS IV LASER PRODUCT

Figure 1-2 Maximum Power Levels and Danger Sign (Sheet 2)
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ULTRA HIGH POWER ION LASERS

B SERIES
ARGON KRYPTON MIXED GAS
Max. Power Max. Power Max. Power
Model (Watts) Model (Watts) Model (Watts)
MB-50A 76 MB-50K 20 MB-50A/K 30
RB-25A 38 RB-25K 16 RB-25A/K 22
PB-15A 26 PB-15K 12 PB-15A/K 16

VISIBLE AND INVISIBLE LASER
RADIATION. AVOID EYE OR
SKIN EXPOSURE TO DIRECT
OR SCATTERED RADIATION.

C/W - Argon
(Maximum Power)

CLASS IV LASER PRODUCT

Figure 1-2 Maximum Power Levels and Danger Sign (Sheet 3)
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LASER BEAM PATH

FRONT BREWSTER
WINDOW

LIGHT FEEDBACK
PHOTODIODE PLASMA TUBE
(ANODE END)
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FRONT QUTPUT
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$-231-30

Figure 1-3 Laser Beam Path



LASER BEAM PATH

FRONT BREWSTER
WINDOW
LIGHT FEEDBACK

PHOTODIODE PLASMA TUBE
(ANODE END)

LASER BEAM
PATH
il
? |
X
]] %
— — — ] — — — §
— X
’/‘ﬁ §
1 X
a N\ S e |
\
FRONT OUTPUT
SHUTTER OPTIC

Figure 1-4 Laser Beam Path With Aperture Assembly
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1.4 ELECTRICAL SAFETY CONSIDERATIONS

Gas-ion lasers, by their nature require
significant amounts of electrical power to
operate. Gas-lon laser power supplies,
therefore, are to be considered high power
electrical devices and contain electrical
voltages lethal to human beings. The
following recommendations  should be
considered mandatory for safe operation
and/or service of gas-ion lasers.

1. Disconnect the main power source
before working on any electrical
equipment.

2. Since power supplies contain energy
storage devices, always allow at least
ten minutes for filter capacitors to
fully discharge through their internal
bleeder resistors. Use a voltmeter to
determine if any residual voltage
exists before working on equipment.

3. The usual reason for working on
electrical equipment is that something
has gone wrong. Always assume that
the safety features of the equipment
have failed, and check each
component as if it was still energized
until you are satisfied that it is safe.

4. Should it be necessary to work on
equipment that is energized, use only
approved, insulated tools.

5. Do not connect any portion of the
power supply circuitry to chassis
ground. Circuit common (DC
negative) is at a high potential to
chassis ground. Attempting to operate
the power supply with circuit common
connected to chassis ground may
damage the power supply.

Positive personnel protection, however,
requires that the chassis ground be
securely connected to earth ground
through the green wire in the
incoming power cable. This ground
should be positively confirmed at the
time of installation and periodically
reconfirmed thereafter. (This is an
item to check during periodic
maintenance.)

6. Use only test equipment with
ungrounded circuitry and grounded

chassis. If this is not possible, the
test equipment must be isolated
through the wuse of an isolation

transformer. Confirm isolation with
an ohmmeter before energizing the
equipment. If the DC power supply
circuitry is grounded through the use
of test probes or similar technique
and the power supply is energized,
damage could occur to the power
supply and/or the test equipment.
Serious injury to the personnel
operating the test equipment is a very
real possibility.

7. NEVER work alone on energized high
voltage equipment of any kind.
Always have an associate in the
immediate vicinity who is familiar
enough with the equipment to place it
in a safe condition and has been
trained to administer first aid for
electrical shock.

8. Read and adhere to warnings and
cautions inserted in  applicable
locations in this manual.

1.5 CERTIFICATION OF COMPLIANCE

Laser Ionics certifies that the Series 1400,
Rainbow and B series lasers comply with the
requirements of Title 21, Code Federal
Regulations, Subchapter J, for Class IV laser
products. Verification of compliance may be
obtained from:

Director

Office of Compliance (HFZ-300)

Center for Devices and Radiological Health
Food and Drug Administration

8757 Georgia Avenue

Silver Springs, MD 20910

Telephone: (301) 427-8228
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SECTION 2
INSTALLATION

2.1 GENERAL

Laser lonics lasers are designed to
operate under conditions found in the
majority of industrial and research settings.

2.1.1 Site Planning
Your laser will operate more effectively if

the following guidelines are followed:
1. Provide a stable, relatively flat work
surface for mounting the laser.

2. Operate the laser in an environment

free from atmospheric contaminants.
3. Avoid installing the laser where direct
or reflected radiation can be a damage
to personnel or equipment. It is
recommended that the site include
highly diffuse walls and barriers for
protection from reflected radiation. A
facility interlock connector is provided
to allow installation of special
shutdown if deemed necessary.

2.1.2 Water Requirements
Provide clean cooling water, free from

contaminants and materials in suspension.
Cooling water flow must meet the
requirements of Table 2-1. Tap water in most
places is adequate. If an appropriate clean
source is not available, install a particulate
filter in the water supply line. A closed-loop
chiller system is also an acceptable option.
Contact Laser Ionics for assistance when
selecting a chiller system.

2.1.3 Electrical Requirements

1. Install the laser as close to the wall
electrical power source as possible.
This will avoid large line-related
electrical losses and voltage drops.

2. Provide a three-phase electrical power

source with the voltage and amperage
capacity specified in Table 2-IL

2.2 UNPACKING/RECEIVING INSPECTION

- 2.2.1 General

2-1

Laser systems are shipped in reusable
containers. A T-handle wrench is included to
open and lock the container holding the laser
head. Do not lose this wrench.

- NOTE -

Retain all shipping containers and
packing material. These will be
required should it be necessary to
ship the laser to another location
or to return the laser to the
factory for service.

The laser head container includes these
items when a new laser is shipped:

- Technical Manual {2 copies)
Laser head and umbilical assembly
20-foot cooling water hoses (2)
Maintenance kit: Q-tips; Optical soap;
Acetone bottle; Interlock banana plug;
Power supply keys (2); Tube
pumpdown keys (2); Optional
purchased items.

The power supply and autotransformer (if
required) are packed in separate re-usable
containers.

2.2.2 Unpacking Instructions
Unpack and remove the laser system from

the shipping and storage containers as
follows:

1. Carefully open the laser head
container and remove the flat wooden
pieces which secure the laser head in
place using the packing wrench.

2 Remove the foam packing around the

laser head, and carefully lift the laser
head straight up and out of the
container.



Table 2-1 Cooling Water Requirements

Frame Size Model 1400 "B" Series
A 2.5 4.0
B 4.0 -
C 5.0 5.0
D 6.0 -
E 6.0 6.0

Cooling water in gallons per minute with inlet pressure at 45 - 60 psi.
Temperature at 55°F-80°F.

2-2
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- CAUTION -

The quartz plasma tube runs the
full length of the laser head and
must not be subjected to extreme
shock or vibration. Always
support the laser head under
each end and in the middle when
handling.

3.0pen the container holding the DC
power supply and remove the packing. Lift
the power supply up and out of the
container.

4. Open the container holding the
transformer. Remove packing and
transformer. Exercise care when

lifting the transformer enclosure. It
has a fairly high center of gravity and
can weigh 150 pounds or more.

2.2.3 Inspection
The shipping container has been designed

to provide the safest, most secure transport
possible. Damage can occur, however, if the
container is subjected to rough handling
during shipment. It is recommended that the
laser head be inspected immediately after
removing it from the shipping container as
described below.

2-4

1.Inspect the exterior of the laser head for
signs of damage.

2.Loosen the screws along the sides of
the laser head rail. Remove the laser head
cover and inspect the interior of the unit
thoroughly for damage. The head cover
might require a degree of upward force
applied along the front edge of the cover to
disengage the cover interlock banana plugs.
Lift the cover slowly and carefully to avoid
contacting the laser tube, or subjecting it to
any physical shock when the interlock
releases.

3.Inspect the getter located in the front of
the ballast. See Figure (2-1) for the location
of the getter. The getter plating should be a
dark silver color on the interior of the quartz
glass. If the getter is chalk-white in
appearance, the laser tube has been broken
and must be replaced. If the laser system
is found to be damaged in any way, file a
report with your shipper and notify Laser
Ionics of the situation immediately.
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SECTION 3
SYSTEM DESCRIPTION

31 SYSTEM OVERVIEW AND THEORY OF
OPERATION

3.1.1 General

Laser lonics lasers include argon,
krypton, a mixture of argon and krypton
gases, and neon gas. Each is available in
several configurations and may be designated
Model 1400, or B Series. Each of these laser
systems is made up of two major components
— a laser head and a DC power supply
(Figure 3-1). The power supply includes an
Electronics Unit (EU) and Remote Control
Module (RCM), and may include an
autotransformer.

Laser Ionics’ lasers belong to the general
class of gas ion lasers. The general operating
principles are the same as those of sealed
HeNe lasers, CO, lasers, and competing ion
lasers. A DC potential difference is created
between an anode and cathode in a sealed
tube containing an inert gas (argon, krypton,
neon, or mixtures of these) at a pressure of a
few TORR (atmospheric pressure is equivalent
to 760 TORR). The large voltage drop across
the tube ionizes the gas atoms. A magnetic
field, created by a solenoid which surrounds
the tube, helps to organize the ionized gas
" into a plasma which flows down the center
(bore) of the tube. Mirrors, one highly
polished with a reflectivity usually greater
than 99%, a second with a reflectivity of 85-
09%, are mounted at either end of the laser
tube to support a process termed Population
Inversion. This process supports the
continuous emission of laser energy. These
principles are described in detail in many
sources and will not be described further
here.- The following sections will, however,
describe how general gas laser operating
principles are implemented in a Laser Ionics
laser.

3.1.2 Laser Head

The laser head (Figure 3-2) includes the
tungsten-bore plasma tube assembly, a
water-cooled solenoid which produces a
magnetic field, and a thermally isolated
graphite/invar resonator assembly.

The plasma tube (Figure 3-3) has a
tungsten bore and quartz envelope. The tube
is enclosed within an electromagnetic field

produced by the solenoid assembly. When
operating, ionized gas atoms flow between the
anode and cathode located at opposite ends
of the plasma tube.

Figure 3-4 shows the cooling water flow
path for the laser head. Water passes
through the cooling coil wrapped around the
solenoid and in the annular region between
the exterior of the tube envelope and the
interior surface of the solenoid. Waste heat
radiates from the tungsten bore to the
annular flow region and is carried away by
the cooling water.

Laser heads are available in five standard
frame sizes, as shown in Figure 3-5. Laser
output power and wavelengths depend
primarily on the type of gas, frame size, tube
internal characteristics, and optics.

3.1.2.1 Resonator Assembly

The resonator assembly consists of
graphite rods with invar end caps positioned
within aluminum sheaths; end and center
plates; and mirror mount assemblies. The
aluminum sheaths and plates form a rigid
assembly fixed to the laser rail The
resonator rods are free to expand or contract,
and move the mirror mounts along the axis
of the rods in response to temperature
effects. Graphite has been chosen as the rod
material as its coefficient of thermal
expansion is less than one part in 10 million.
The distance between mirrors is termed the

intracavity length. Limiting changes to
intracavity length by limiting  mirror
displacement through effective resonator

design is highly desirable. Since movement
can cause changes to the output power and
mode hopping during single frequency
operation.

3.1.2.2 Tube Pressure Control

Gas pressure within the laser tube is
controlled to provide optimum performance of
the laser tube. If pressure becomes too high,
output power can be affected and lasing
terminated. Low pressure reduces power and
can also cause overheating and severe
damage to the laser tube. Tube pressure is
also affected by tube voltage, solenoid field
strength and tube current. Tube pressure
cannot be read directly. Rather, the voltage



‘ Figure 3-1 Ion Laser System
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Figure 3-3 Radiatively-Cooled Tungsten Bore

8-328-91

3-4



SOLENOID TUNGSTEN-
COOLING WINDING BORE DISCS
COIL
CATHODE |
1
) VL
———. l
=
. WATER FLOW 'PLASMA TUBE ASSEMBLY
(FROM POWER SUPPLY)
——— .
P——
‘ Figure 3-4 Tungsten-Bore Plasma Tube Assembly
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3-6

8-315-91



drop between the anode and cathode (tube
voltage or ET) is monitored and interpreted
as an indicator of tube pressure.

Ion lasers absorb gas over time, which
causes tube pressure to drop. For this
reason, the laser includes a reservoir with
replacement gas which is used to restore
pressure to the recommended value. This is
accomplished through use of the automated
gas refill system, accessed through the
FUNCTION (FCTN) menu on the Remote
Control Module (see Section 5, Maintenance).
Excessively high pressure is corrected in a
similar method by use of a tube pumpdown
feature. This allows removal of a small
amount of gas from the tube (see Section 6,
Laser Head Service).
3.1.2.3 Radiatively-Cooled Tungsten Bore
Tube

The tungsten bore quartz tube (Figure 3-
3) contains the ionized gas flow in the form
of a plasma. Tungsten discs confine the
plasma flow to the small center hole, termed
the tube bore. Outer holes allow return of
gas for a full cycle of flow. An external
bypass line allows additional return flow.
The tube is radiately cooled, with excess heat
radiated from the plasma to a water-cooled
annular region between the outer tube wall
and inner surface of the solenoid.

3.1.2.4 Photodiode Assembly

The photodiode assembly, mounted on the
laser rail near the output optic, samples the
laser output beam and measures its power.
A small fraction of the beam is deflected
downward into a photodetector located within

the assembly housing. The detector
electronics convert light into an output
voltage signal, amplify this signal and
transmit it to the power supply. Scaling

factors are used to create a display of output
power on the Remote Control Module.

— NOTE —

1400 ultraviolet lasers
(UV)] include both visible
and ultraviolet photodiode
assemblies. The assembly must
be switched when changing from
visible to UV optics and vice
versa. See the Appendix for UV
operation if your laser includes
this option.

Model
{1400-

3-7

When in CURRENT MODE, the
photodiode assembly measures output power
and transmits this information to a
microprocessor where the output power
readout is generated. @ When operating in
POWER (light) MODE, the assembly output is
used as a part of a feedback circuit to adjust
current instantaneously in order to maintain
constant output power.

3.1.3 DC Power Supply

The Model 851 power supply (Figure 3-6)
is a microprocessor controlled, line rectified,
series-pass, linear design. Model 851 is a
standard component of all Model 1400 laser
systems produced after June 1991. It
contains circuitry required to convert three
phase AC line voltage to DC voltage required
by the laser. It also includes all control and
monitoring circuits needed to operate the
laser system. The power supply uses three
high speed microprocessors to control the
laser system, monitor performance and store
archival data.

Power supplies provided with B Series
lasers are termed the Model 851B. The
Model 851B is functionally the same as the
Model 851 but includes some higher capacity
components required by the B Series lasers.
Model 851B power supplies are not
compatible with Model 1400 series lasers.

3.1.3.1 Power Supply Electronics Unit (EU)

The Electronics Unit (EU) is enclosed in a
19-inch wide box. It is suitable for mounting
on a table or in a standard 19"
instrumentation rack when purchased with
an optional rack mount kit. A cart-mounted
version with the Electronics Unit mounted
above an autotransformer, is also available.
Controls required infrequently are mounted
on the Electronics Unit so that it may be
placed outside the general laser work area.
An umbilical assembly, comprised of 9-foot
(2.7 meter) long flexible conduits which
contain the water hoses and electrical cables,
connect the laser head and Electronics Unit.
Dimensions of the power supply
configurations are shown in Figure 3-7.

The Electronics Unit front panel includes
the laser Master Keyswitch and Laser
Emission Indicator. A Solenoid Field
Strength Control is included as an optional
feature on some units. LEDs are also
provided to indicate whether all three phases
of AC wall power are available to the power
supply. The rear panel includes the water
and power connections and the facility
remote interlock connecter. The Electronics
Unit is cooled by a fan mounted on the rear
panel. Water flows within the supply



Figure 3-6 Model 851/851B Power Supply
(Table Mounted Version)

8-329-91

3-8



- 24.00" . . 22.00" -
60cm 55cm
l@ ‘
. o .
36.00"
90cm
—
—
[aamutun
[amanmm |
[—
C ) (¢ )
¢ CHNI T
e 9.25 L + CART (OPTION)
23¢m ‘
3| 8o
20cm ¢ *
oo = a:
oo oo @ 10.50"

) 26cm
' f ' I
e N M § M

- 4 55e¢m 48cm
t4,00” TABLE MOUNT (STANDARD)
REMOTE UNIT

30-325-30

Figure 3-7 Power Supply Dimensions

3-9



through a single water block which mounts
energy dissipating Field Effect Transistors.
Start, control, and protection circuits are
enclosed by the cabinet. Access panels for
use by trained service technicians include the
top cover, a side panel and a rear panel.

3.1.3.2 Remote Control Module (RCM)

The Remote Control Module is the
primary user interface (Figure 3-6). It
includes the Laser ON/OFF Power Switches,
Mode Selection Switches, a relative power
meter for peaking laser output, a keypad,
and Liquid Crystal Display (LCD). The
module serves as a terminal for controlling
and monitoring the laser system. Some units
include a keyswitch on the rear of the RCM
which can be used to turn the power to the
Electronics Unit ON or OFF. A 15-foot (4.5
meter) cable connects the module to the front
panel of the Electronics Unit. Optional
cables may be up to 300 feet in length.
Also, a computer system with standard RS-
232C serial interface or IEEE-488 interface
may be used to operate the laser in lieu of
the RCM. The optional RS-232 cable
connects to the 8-pin connector on the front

panel port of the Electronics Unit.  The
computer replaces the RCM in this
installation.

The Remote Control Module is menu

driven, providing real-time displays of key
performance parameters. A system of menus
can be accessed which provide additional
information on operating values, shutdown
signals and archival data.

3.1.3.3 Autotransformer

Since various lasers operate at different
voltages, a three phase transformer (Figure 3-
8) is supplied to adjust the available power
line voltage to that required by the laser.
The exception to this is that Model 1400
visible light, Frame A lasers do not require
the transformer and can operate directly from
a 208 to 240 VAC, three phase power source,
if available. Electrical power is transferred
from the power source to the autotransformer
through a 12-foot (36 meter) cable, supplied
with the laser. A cable from the power
supply to the autotransformer includes wires
for delivery of three phase power for the
solenoid, the laser tube and the control
circuits. The autotransformer is mounted in
a box to protect personnel and equipment
from injury or damage.

3.1.3.4 Power Circuits

The laser power circuits are depicted in
Figure 3-9. Available three-phase power is
supplied to the electronics unit either directly
or through an autotransformer. The auto-
transformer converts line voltage into voltage
required for the solenoid primary power
circuit, the tube primary power circuit, and
the utility power circuit.

1. Solenoid Primary Power: Solenoid
voltage is applied across the solenoid

and a controlling FET, wired in series.
Water cooling of the FET dissipates
excess energy. This circuit, and
electronics of the Laser Control
Assembly, control the current which
can be applied to the solenoid, and
the magnetic field strength. The
circuit also sets the field strength to
maximum level during the startup

cycle.
2. Tube Primary Power: The tube

primary power circuit includes a bank
of 4-6 field effect transistors (FETS)
which control the current applied to
the tube. The Laser Control Assembly
changes the tube current in response
to operator and system initiated
commands.

3. Utility Power: Electrical source power
applied to a low voltage power supply
furnishes 5 VDC, *15 VDC, and +24
VDC control power. Power is applied
to the control circuits to activate the
five control assemblies in the system
card cage within the EU.

3.2 CONTROLS AND INDICATORS
Table 3-1 and accompanying figures

explain the function of the laser system
controls and indicators.
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Table 3-1 Controls and Indicators

Control/Indicator

Function

DC Power Supply

Electronics Unit Front Panel

SOLENOID CURRENT*
Adjustment Knob

SOLENOID CURRENT Indicator*

LASER EMISSION Indicator

POWER KEYSWITCH

AC Power Bus Phase LED Indicators

Controller Connector

*Optional Feature

(Figure 3-10)

Control for adjusting current flow to the
solenoid. Used to adjust the magnetic
field strength.

Displays solenoid current in AMPS (0.00-
9.99)

Light flluminates when POWER
KEYSWITCH is "ON". Indicates lasing is
underway or imminent.

Two position keylock switch. Controls
power to power supply electronic circuits.
One-quarter turn clockwise, "on" position,
energizes power supply and laser head
circuits. (Front panel, laser head and
RCM indicators will illuminate). Key can
be removed only in "off" position.

Turning key to "off" during operation will
shutdown laser. NOTE: Some units
include an additional keylock on the rear
of the RCM. When present, this switch is
wired in series with the POWER
KEYSWITCH and must be "ON" in order
to activate the laser with the EU POWER
KEYSWITCH.

Iluminate when service power for a phase
is available to the laser system. Loss of
an AC power line phase is indicated by a
non-illuminated LED.

Female connector for Remote Control
Module cable or optional cable to
computer interface.
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Display, AMPS (0.0-9.9)
6. Controller Connector
3. Laser Emission Indicator

*Qptional Feature

Figure 3-10 Electronics Unit Front Panel
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Table 3-1 Controls and Indicators (Cont’d)

Control/Indicator Function

DC Power Supply
Electronics Unit Rear Panel
(Figure 3-11)

Cooling Water INLET Fitting

Cooling Water DRAIN Fitting

Laser Head INLET Fitting

Laser Head DRAIN Fitting

Flow Transducer

Cooling Air Fan

Exhaust Vent

Power Line Conduit

Umbilical Connector J1

Umbilical Connector J2

Remote Interlock Connector J3

Water Compartment Cover

This is a female 1/2" quick disconnect
fitting. It mates with the fitting on the
3/4" rubber hose supplied with the unit.

This is a 1/2" male quick disconnect
fitting. It mates with the fitting on the
3/4" rubber hose supplied with the unit.
This line must be routed to a drain with
no backpressure.

1/2" male quick disconnect fitting. It
mates to the 3/8" hose which is part of
the umbilical.

1/2" female quick disconnect fitting. It
mates with the remaining hose in the
umbilical.

Magnetic generator type of transducer
with visual port. The turbine spins in
the direction of the arrows when cooling
water is flowing.

Provides cooling air for internal
components of the DC power supply.

Provides positive venting of DC power
supply cooling air.

Plastic shell enclosing electrical power
cables from EU to power source, either
autotransformer or wall connection.

Metal shell connector containing filament,
solenoid, and laser tube power
conductors.

Metal shell connector containing control
signal and interlock conductors to the
laser head.

BNC female with shorting cap for
connection to customer facility interlock
system (optional). If a remote interlock is
not used the shorting cap must be in
place for the system to operate.

Access panel for water-cooled heat sink
assembly. Complete assembly can be
removed intact through this cover.
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1. Laser Head Drain Connector , 7. Flow Transducer
(from laser head) 8. Cooling Water Drain Connector
2. Fan (to drain)
3. Remote Interlock Connector 9. Cooling Water Inlet Connector
4. Power Line Conduit (from water source)
(to power source) 10. Laser Head Inlet Connector
5. Connector, 34 Pin Control Cable (to laser head)
(to laser head) 11. Air Vents
6. Connector, 7 Pin Power Cable 12. Etalon Temperature
(to laser head) Adjustment Knob

Figure 3-11 DC Power Supply - Electronics Unit Rear Panel
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Table 3-I Controls and Indicators (Cont'd)

Control/Indicator

LASER EMISSION Indicator

LASER MODE SELECTOR

RELATIVE POWER PEAKING Meter

LASER EMISSION Controls:

ON

OFF

LEVEL Control

DATA ENTRY KEYPAD

HELP Key

FUNCTION (FCTN) Key

Function

DC Power Supply
Remote Control Module
(Figure 3-12)

Light illuminates anytime POWER
KEYSWITCH is "ON". Indicates lasing is
underway or imminent.

Pushbutton for selecting POWER (PWR) or
CURRENT (CUR) modes. In CURRENT
mode, the microprocessor controller
maintains tube current at the selected
level. In POWER mode, the controller
adjusts current in order to maintain laser
power at the selected level.

Analog meter provided as an aid in
aligning the laser mirrors. Used to adjust
laser output to peak power. Scale is
absolute, ranging from zero to maximum
output at rated tube current.

Depressing control with POWER
KEYSWITCH "ON" and laser in STANDBY
initiates automatic start sequence.

Depressing control shuts down laser or
resets power supply after automatic
shutdown.

Raises or lowers power if POWER mode is
selected:; raises or lowers current if
CURRENT mode is selected.

Provides capability to enter numerical
data in response to prompts displayed on
LCD.

Depressing key when HELP appears in
commands available line of LCD causes
HELP menu to be displayed.

Depressing key when FCTN appears in
commands available line of LCD causes
FCTN menu to be displayed.

3-17



Table 3-1 Controls and Indicators (Cont’d)

Control/Indicator

DISPLAY LIGHT Controls
ON/OFF
INTENSITY Control

POWER KEYSWITCH
(Optional Feature)

Function

DC Power Supply
Remote Control Module
Back Panel Controls
{(Not Shown)

Activates backlight capability for LCD

Raises on lowers backlight illumination
level.

Two position keylock switch present on
some units. Controls power to power
supply electronic circuits and is wired in
series with keyswitch on the EU front
panel. One-quarter turn clockwise, "ON"
position, energizes power supply and laser
head circuits if EU KEYSWITCH in "ON".
(Front panel, laser head and RCM
indicators will illuminate). Key can be
removed only in "OFF" position. Turning
key to "OFF" during operation will shut
down laser.
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. Laser Emission Indicator

Laser Mode Control Selctor: Allows
selection of either Power (PWR) or
Current (CUR) mode.

Relative Power Peaking Meter, (Analog)

Laser Emission Controls: ON, initiates
automatic start sequence for laser tube;
OFF, shuts down laser or resets power
supply after automatic shutdown.

Level Control: Raises or lowers power if
power mode is selected; raises or lowers
current if current mode is selected.

Data Entry Keypad

HELP Key: Causes HELP menu to be
displayed when HELP is available.
(See LCD)

. Function (FCTN) Key: Causes FCTN

menu to be displayed when FCTN is
available. (See LCD)

5

|

9. ENTER Key: Primary data entry key.

10. Liquid Crystal Display (LCD), with normal
operation (RUN) format selected.

10a.
10b.
10c.
10d.
10e.

10f.

10g.

Selected Mode - Power or Current
Tube Current, AMPS (0.0 - 99.9)

Tube Voltage, VOLTS (0 - 999)

Laser Output Power, WATTS (0.0 - 99.9)

Laser Status Indicator: RUN, STANDBY,
AUTOMATIC SHUTDOWN, or START
SEQUENCE

Message Area: Display area for system
generated messages relating to shutdown
commands, operational conditions,
diagnostic information, graphics, etc.

Commands Available: Indicates which
commands are available to user.

8-332-91
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Table 3-1 Controls and Indicators (Cont’d)

Control/Indicator Function

DC Power Supply
Remote Control Module
(Figure 3-12)

ENTER Key Depressing key in response to prompt
causes system to respond as described on
LCD.

LIQUID CRYSTAL DISPLAY (LCD) Display area for laser control, status and

archival information (Note: normal
operating display is shown).

MODE SELECTED Display Indicates MODE SELECTED (CURRENT or
POWER).
TUBE CURRENT Display Indicates TUBE CURRENT in AMPS (0.0-

99.9) when laser is in RUN.

TUBE VOLTAGE Display Indicates TUBE VOLTAGE in VOLTS (0-
999) when laser is in RUN.

LASER OUTPUT POWER Display Indicates LASER OUTPUT POWER in
WATTS (0.0-99.9) when laser is in RUN.

LASER STATUS Display Indicates present condition of laser:

- RUN: Laser is emitting output

- STANDBY: Laser is ready to
initiate start sequence when
"ON" is depressed

- AUTOMATIC SHUTDOWN: Laser has
been shutdown by monitoring
and protection circuits

- START SEQUENCE: ON has been
depressed with laser in
STANDBY. Automatic start
sequence is underway.

MESSAGE AREA Displays system generated messages
relating to automatic shutdown,
operational conditions, diagnostic
information, and graphics, etc.

COMMANDS AVAILABLE Display Indicates which commands are available
to the user, depending on status of the
laser. Commands include the following:

ON or OFF - Laser Control
PWR or CUR - Mode Select
UP - Raise Power or Current
DN - Lower Power or Current
FCTN Menu

HELP Menu
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Table 3-1 Controls and Indicators (Cont'd)

Control/Indicator

Function

Laser Head Front Shutter Plate

Shutter Control Lever

Emission Indicator

Tube Pumpdown Keyswitch

Head Cover Interlock Shorting Bar

(Figure 3-13)

Opens or closes beam shutter. When the
knob is pushed toward the center of the
laser head, the shutter is CLOSED and
the laser beam cannot be emitted.

Sliding the knob toward the outside of the
laser head will OPEN the shutter, allowing
the laser beam to be emitted.

Light illuminates anytime the POWER
KEYSWITCH is "ON". Indicates lasing is
underway or imminent.

Keyswitch is used to ENABLE tube
pumpdown procedure. Cover must be
removed to allow insertion of key.

A banana plug is provided which can be
inserted into the interlock to bypass the
head cover interlock and start the laser
with the head cover removed. This is a
service task.
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Figure 3-13 Laser Head Front Shutter Plate
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Table 3-1 Controls and Indicators (Cont'd)

Control/Indicator

Function

Laser Head Front Mirror Mount

Photodiode Assembly

Vertical Fine Adjustment Knob

Horizontal Fine Adjustment Knob

Tension Control Adjustment

(Figure 3-14)

Samples a minute amount of the output
laser beam and converts it to an electrical
signal that is sent back to the power
supply where it drives the power meter
and can control the power supply in
POWER mode.

Provides a means for adjusting the output
coupler in the vertical plane. Used to
align the output coupler to the laser tube
bore.

Provides a means for adjusting the output
coupler in the horizontal plane. Used to
align the output coupler to the laser tube
bore.

Screws used to adjust the loading on the
graphite resonator rods. Loading is
preset at the factory. DO NOT ADJUST.
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Figure 3-14 Front Mirror Mount
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Table 3-1 Controls and Indicators (Cont’d)

Control/Indicator

Function

Laser Head Rear Mirror Mount

Vertical Fine Adjustment Knob

Horizontal Fine Adjustment Knob

Tension Control Adjustment

(Figure 3-15)

Provides means for adjusting the
maximum reflector rear mirror, or
optional Littrow prism, (see Figure 3-14)
in a vertical plane. Allows for alignment
of the mirror to the bore of the laser
tube. This is the wavelength selection
knob when a littrow prism is installed.

Provides a means for adjusting the
maximum reflector rear mirror, or the
optional Littrow prism, (see Figure 3-14)
in a horizontal plane. Allows for the
alignment of the mirror to the bore of the
laser tube.

Screws used to adjust the loading on the

graphite resonator rods. Loading is
preset at the factory. DO NOT ADJUST.
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Figure 3-15 Rear Mirror Mount
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3.3 CONTROL OF THE LASER SYSTEM

3.3.1 Control System Introduction
The Model 851 power supply includes

three microprocessors which monitor the
condition of the laser, provide control
commands in response to system conditions
or operator commands, and store and update
certain archival information. The control
system can also make diagnostic and other
information available to the user. In addition
to digital control, some functions are
processed and controlled as analog signals.
These include the Solenoid Field Control,
Master Keyswitch, facility and head cover
interlocks, peak power peaking meter, and
Laser Emission indicator.

The Remote Control Module (RCM) and
front panel controls of the Electronics Unit
are the method by which the user operates
the laser. The LCD display of the RCM
presents system status to the user.

Figure 3-16 is a simplified block diagram
of the system of LCD displays by which the
laser is operated. The paths for access
between each block are shown.

The Model 851 power supply is self
calibrating. The correct values for key
parameters, as verified by test of the
particular laser head, are stored by the
factory in ROM on a circuit board located on
the underside of the laser rail. When the
Master Keyswitch is placed ON, the laser
head values are transferred to the power
supply for control of the laser.

3.3.2 Pre-operational Checklist and Warnings
Turning the Master Keyswitch to the ON

position initiates a series of pre-operational
checks. Following display of a laser radiation
warning display on the RCM, the Pre-
operational checklist (Figure 3-17) will
appear. Three conditions must be met in
order to place the laser in STANDBY:

1. Water Flow, measured by the flow
transducer on the rear of the Electronics
Unit, must be within the range specified
for this laser.

2. RCC Interlock must be satisfied, either by
placing the shorting cap on BNC
connector J3 on the EU rear panel, or by
meeting local requirements established for
satisfying a customer installed facility
interlock.

3. Head Cover Interlock must be satisfied,
either by placing the protective head cover
on the laser head or by the shorting bar
provided for service.

Failure to meet any pre-operational
conditions will cause NO GO to be displayed.
Depressing ENTER when NO GO is displayed
provides an explanation of the Pre-operational
fault. The condition must be corrected before
the laser will go to STANDBY status.

3.3.3 Status Menus

Figure 3-18 depicts the four Status
Menus and typical information available.
These are explained as follows:

1. STANDBY: The laser can be placed in
STANDBY by depressing ENTER when all
pre-operational  checks  are "GO".
Depressing ON changes mode to START
SEQUENCE.

2. START SEQUENCE: A 30-second delay
occurs between the time ON is depressed
and initiation of a start pulse within the
laser tube. "TIME UNTIL START: 30" is
displayed on the start sequence Status
Menu and the time will begin to count
down. When the countdown reaches O,
the start circuit will fire for up to 5
seconds. If the laser does not start
within 5 seconds, the laser will shut
down automatically and the AUTOMATIC
SHUTDOWN  Status Menu will be
displayed. Depressing OFF at any time
during the start sequence returns the
laser to STANDBY.

3. RUN: The RUN Status Menu is displayed
when the start sequence has been
successfully completed and the laser is
lasing.

4. AUTOMATIC SHUTDOWN: The
AUTOMATIC SHUTDOWN Status Menu is
displayed when the laser has shut itself
off since a condition has occurred which
could either damage the laser or injure
personnel. AUTOMATIC SHUTDOWN can
occur when the laser is in STANDBY,
RUN, or START SEQUENCE. The reason
for the shutdown will be displayed in the
message area. Correction of the condition

must occur in order to returm to
STANDBY.
3.3.4 Function (FCTN
FUNCTION is a group of information
menus and operations which may be

accessed when the laser system is in RUN,
AUTOMATIC SHUTDOWN, or STANDBY
MODES. These capabilities are available by
pressing the FCTN (FUNCTION) key on the
RCM, when FCTN is displayed on the
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Figure 3-16 Block Diagram - LCD Displays
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PRECPERATIONAL CHECKLIST

WATER FLOW: GO
FACILITY(RCC) INTERLOCK: GO

HEAD COVER INTERLOCK: GO

PRESS ENTER TO CONTINUE

8-340-91

Figure 3-17 Pre-operational Checklist
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PWR- TUBE VOLTAGE:
. TUBE CURRENT:
STATUS: STANDBY MODE:

ON FCTN HELP

STANDBY MODE

PWR- TUBE VOLTAGE: 404
* TUBE CURRENT:
STATUS: START CYCLE MODE:

TIME UNTIL START: 10

OFF
START SEQUENCE MODE
PWR: 10.0 TUBE VOLTAGE: 352
. . TUBE CURRENT: 34.1
STATUS: RUN MODE: CUR
OFF PWR DN UP FCTN HELP
RUN MODE
PWR: TUBE VOLTAGE:
. TUBE CURRENT:
STATUS: AUTO SHUTDOWN MODE:

REMOTE RCC INTERLOCK OPEN

PRESS LASER OFF TO RESET POWER SUPPLY
AND RETURN TO STANDBY

AUTO SHUTDOWN MODE

Figure 3-18 Status Menus
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COMMAND AVAILABLE line of the LCD. The
FCTN Menu is shown in Figure 3-19.

FCTN data displays include the actual
operating parameters specified for the

individual laser system, which are
programmed at the factory. Other data
include the actual value for operating

parameters and archival data which were in
effect when the individual FCTN display was
selected . Laser gas refill and pumpdown
operations are also accessed through FCTN.
Each capability is summarized as follows:

1. Laser Status: Information includes the
following, measured at the time Laser
Status is selected:

. Tube Voltage (Volts)

. Tube Current (Amps)

. Solenoid Current (Amps)

. Cooling Water Flow (Gallons Per
Minute)

2. Pressure Check: Provides actual tube
voltage (ET) and the tube voltage limits.
Tube voltage is used as an indicator of
laser tube pressure.

3. Etalon Control: When equipped with an
etalon, the user may stabilize the etalon
using the FCTN menu. An etalon heater
is controlled (ON or OFF) from this menu.
A temperature control knob on the back
of the EU is used to raise or lower etalon
temperature.

4. Laser Head Data: Three pages of
information are available which describe
the laser head presently connected to the
power supply. All values except "Total
Operating Hours" are set at the factory.

. Solenoid Number

. Date Manufactured

. Model Number

. Type of Gas

. Rated Power (Watts)

. Tube Current at Idle (Amps)

. Power (Watts) at Idle

. Maximum Tube Current (Amps)

. Solenoid Current - upper and lower
limits (Amps)

. Tube Voltage - Limits (Volts)

. Filament Voltage - Limits (Volts)

. Anode Voltage - Limits (Volts)

. Total Running Time (Hours)

5. Gas Refill: Presents instructions for
adding gas to the laser tube when
pressure is low. Gas Refill must be
performed with this menu displayed
(Section 5.0 Maintenance) and the laser
running (RUN status).

6. Tube Pumpdown: Presents instructions
for removing gas from the laser tube
when tube pressure is high. Gas Refill
must be performed with this menu
displayed and the laser running (RUN
status). This is a service function
(Section 6.0 Service).

7. Level Save: Allows storage of pre-set
lasing conditions. These include the
mode of operation (Power or Current) and
the magnitude of the controlling
parameter. Examples would include
Power Mode, 10.0 watts or Current Mode,
36.0 amps. Up to four values may be
stored.

8. Level Restore: The Menu presents up to
four previously programmed sets of
values. These are selected from the
menu by depressing the appropriate
button.

9. Field Service: This function is reserved
for factory trained personnel.

10. Exit FUNCTION: Depressing "O" on the
keypad when the FCTN menu is displayed
will cause the LCD to display the current
Status Menu.

3.3.5 Help

The HELP capability of the laser system
allows the operator to review key information
on the operation and maintenance of the
laser. HELP may be accessed when the
status of the laser system is in RUN,
AUTOMATIC SHUTDOWN, or STANDBY.
HELP is available by pressing the HELP Key
on the RCM, when HELP is displayed on the
COMMAND AVAILABLE line of the LCD. The
HELP menu is shown in Figure 3-19. The
capabilities available through HELP are as
follows:

1. Pre-operational Checklist: Selection of
this capability causes a Pre-Op checklist
menu to be displayed on the LCD.
Definitions of the following are available
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from this menu:

2.

. Water Flow
. Remote (Facility) Interlock
. Head Cover Interlock

Interlocks/Faults: Selection of this
capability causes a menu to be displayed.
Definitions of automatic shutdown or
warning messages may be selected from
the menu. The following are included
(see Section 4, 5 or 6 for fault
information):

. Laser Head Cover Interlock

. Remote (Facility) Interlock

. Water Flow (High and Low)

. Water Temperature - High

. Solenoid Current (High and Low)

. Tube Bypass Fault

. Tube Voltage

. Overcurrent Fault

. Excess Power Dissipation

. Start Time Exceeded

. Anode (Power Supply Input) Voltage
out of Range
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Control Functions: Selection of this
capability causes a menu to be displayed.
Definitions of power supply control
functions are available from the menu.
These include the following:

. Solenoid Current Adjustment Knob
. Power Keyswitch

. Laser Mode Selector

. Analog Power Peaking Meter

. Laser ON

. Laser OFF

. Power/Current Level
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Figure 3-19 FCTN (FUNCTION) Menu
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SECTION 4
OPERATION

4.1 SAFETY PRECAUTIONS

Every effort has been made to comply
with the requirements of the Center for
Devices and Radiological Health (CDRH)
during the manufacture of this laser product.
The pages of safety information included at
the front of this manual should be reviewed
when choosing an installation site. All
CAUTIONS AND WARNINGS in this text and
the safety summary of SECTION 1.0 must be
read and understood prior to attempting to
operate, maintain, or service the laser
system. Particular attention should be given
to selecting a site that can provide absolute
isolation from unauthorized personnel entry.
It is further recommended that the laser
operating site be one that has been properly
prepared with non-reflective or highly diffuse
walls, or barriers that will provide optimum
protection from reflected laser radiation.

4.2 SETUP OF THE LASER SYSTEM

Setup of the laser system requires the
interconnection of the laser head, power
supply, and interface transformer (if
required), to each other, and the electrical
and cooling water sources. Figure 4-1
depicts system and component
interconnections. Setup the laser system as
foliows:

4.2.1 Cooling Water Connections
1. Place the laser head and power supply

electronics unit (EU) on relatively flat,
stable surfaces. The umbilical cable
which connects the laser head to the
power supply electronics unit is nine
(9) feet (2.7 meters) long. Position the
electronics unit so that the intake fan
and exhaust vent located at the rear
of the supply are not obstructed.

2. Connect the large plugs on the laser
head umbilical to the receptacles
labeled J1, J2 on the rear of the
power supply EU (see Figure 3-11).

3. Connect the water lines in the laser
head umbilical assembly to their
respective fittings on the back of the
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power supply electronics unit.  See
Figure 4-2. These quick disconnect
fittings connect to the upper of the
two pairs of connections on the EU
rear panel. Connect the male fitting
to the connection labeled "DRAIN" and
the female connection to  the
connection labeled "INLET".

4. Twenty foot (six meter) long rubber
garden hoses are supplied with 3/4
inch garden hose female connections
on one end and quick disconnects on
the other end. The hose quick
disconnects connect to the lower of
the two pairs of quick disconnects
located on the EU rear panel. See
Figure 4-2. Connect the hose with
the male fitting to the connection
labeled "DRAIN". Connect the hose
with the female fitting to the
connection labeled "INLET".

5. Connect the rubber garden hoses to
the water source and drain as shown
in Figure 4-1.

6. Remove the covers from the laser unit,

7. Turn on the coolant supply and check
for flow through the laser unit. Check
to see that the paddle wheel, visible
through the rear of the water
transducer, is turning. Examine each
iu;ies, fitting, and the laser head for
eaks.

NOTE: |If the paddle wheel is not
spinning either the water is not
turned on, flow is blocked in some
manner, or connections are
backwards.

Electrical Connections
(Autotransformer Required)

The following steps apply i an
autotransformer has been supplied with the
system by Laser lonics.

4.2.2

1. Insure the autotransformer is not
energized. Open the cover of the
autotransformer. The terminals will
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Figure 4-1 System Interconnects
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UMBILICAL HOSE WITH
MALE FITTING

UMBILICAL HOSE WITH
FEMALE FITTING

UMBILICAL

(OTHER END TO
LASER HEAD)
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FEMALE FITTING
(OTHER END TO WATER SUPPLY)

RUBBER HOSE WITH
MALE FITTING
(OTHER END TO DRAIN)

Figure 4-2 Cooling Water Connections 8-327-91

4-3



— WARNING —

Electrocution hazard is present when making
electrical connections. Insure that the
transformer is disconnected from the
electrical power source when connecting the
power supply to the autotransformer. Also
insure that the electrical source is not
energized when connecting the transtormer
electrical cable to the electrical power
source. Failure to heed these wamings can
result in death or serious injury.

appear as depicted in Figure 4-3. The
power supply EU has all electrical

. The

power wires contained within a single
flexible conduit umbilical, permanently
attached to the EU rear panel. Four
size 6 AWG wires supply power to the
"tube" circuit and power supply
"chassis ground'. Six size 16 AWG
wires supply power to the "field
solenoid" and the "control” circuits.

actual connection to the
transformer depend upon the electrical
power service voltage at the facility
and the type/size of laser. There is a
transformer diagram on the terminal
board mounted to the top of the
transformer, which shows the voltages
available at each "tap". There are
eight taps per phase for a total of 24
taps. All voltages are measured
between phases, that is, a volt meter
placed on any two #5 taps should
read approximately 240 VAC. The
"control" circuit wires will always be
connected to the 240 VAC taps. The
correct "field solenoid" and “"tube"
voltages will be found on the Final
Test Data Sheet supplied with the
system. Connect each wire to the
appropriate tap.

— WARNING —

Be certain that the GREEN #6 wire is
connected to earth ground. This wire must
not be connected to the windings of the
autotransformer. Failure to connect this
wire to earth ground will result in a serious
electrical hazard, and could result in injury
or death.
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3.

4.2.3.

Insure that the electrical power to the
electrical source is de-energized.
Connect the laser power cable (4
wires) to the transformer. Connect
the other end of the power cable to
the wall source.

After making all required connections
to the transformer, be certain that the
keyswitch on the power supply EU is
OFF and the key removed. This step
is recommended to prevent inadvertent
operation of the laser. Turn on the
electrical power to the transformer and
very carefully measure all voltages.
The voltages to the EU must be within
+10, -5 volts of the value on the Final
Test Data Sheet, and any set of three-
phase voltages must be within +1.5%
of each other. If not, tum off the
power and correct the situation,
possibly by changing the connection to
the transformer. It may be necessary
to move up or down one tap. De-
energize the wall power source prior to
making any changes. It must be
noted that if the incoming power
connection is changed, the voltage at
all other connections will change.

Repeat the voltage checks of Step (4)
and if satisfactory, continue with
operation. If satisfactory voltages
cannot be obtained, contact Laser

Ionics. Due to the wide variations
possible in electrical power
distribution systems, the voltages

should be checked again with the
laser running at rated current. If
there is excessive sag in the power
system, it may not be possible to
achieve rated current and,
consequently, rated output power. If
this occurs, contact Laser Ionics.

Electrical Connections,
Autotransformer Not Required)

The following steps apply when line
voltages match those required by the laser,
and an autotransformer is not - necessary.
This condition applies with some Frame A

lasers.

If in doubt whether or not an

autotransformer is necessary for operation,
contact Laser Ionics.

1.

Once it is determined that an
autotransformer is not required, it will
be necessary to connect all wires to
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Figure 4-3 Typical Transformer Terminal Layout
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2.

the utility electrical service. Each
phase will have one (1) #6 and two (2)
#16 wires connected to it. {The
"control" and "field solenoid” circuits
are over-current protected by fuses
inside the power supply.)

The minimum input voltage to the
system under this type of connection
is 205 VAC. Voltage below 205 VAC
may prevent the laser from starting or
from achieving full power.

4-3. PRE-OPERATIONAL CHECKS

The following checks should be made
prior to operating the laser:

1.

Verify that the laser head cover and
power supply cover and access panels
are in place. There is a fail-safe
interlock on the laser head cover. If
the head cover is removed while the
laser is operating, the laser will shut
down. The laser cannot be started if
the head cover is not securely in
place.

Verify that the electrical cables and
cooling water hoses have been
installed and connected as described
in Section 4-2.

Verify that the laser output shutter is
closed to prevent inadvertent exposure
of the laser beam to personnel and
equipment.

If you are operating a Model 1400-
(UV) laser in UV mode, insure that the
correct photodiode assembly and
optics are installed. See Appendix on
UV operation.

4.4 SYSTEM OPERATING PROCEDURES

4.4.1

1.

Start-Up

Verify that all three AC power LEDs
are illuminated on the front panel of
the electronics unit (EU).

Turm on cooling water flow. Check
the water flow transducer on the EU
rear panel as an indicator of flow.
Visually inspect the laser system for
leaks.

Turn the KEYSWITCH on the EU one-
quarter turn clockwise. The LASER
EMISSION indicators on the EU front
panel, Remote Control Module (RCM)
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and laser head should all illuminate.
The RCM display will now illuminate.

NOTE: Adjust the lighting level and
contrast on the RCM display as
necessary with the BACKLIGHT and
CONTRAST knobs on the rear of the
RCM.

Press LASER OFF to reset electronics
unit logic and safety circuits.

Observe results of automatic pre-
operational checks on the RCM.
Figure 4-4 shows the display with all
checks "GO". Should an improper
condition occur, "NO GO" will be
displayed. In this case, press ENTER
for an explanation. Correct the
condition and press ENTER to obtain
the updated status of preoperational
checks. Press ENTER to proceed to
Step 5 when all checks indicate "GO".

. The laser is now in STANDBY. HELP

and FCTN menus are now available.
Any shutdown signals are reset at this
time.

Press ON to initiate START CYCLE.

" The laser will display elapsed time, in

seconds. The start pulse will be
initiated at 30 seconds. The laser
should light and transfer to RUN
status. Should the laser not start, it
will continue to initiate a start pulse
until elapsed time is 35 seconds, at
which time it will go to AUTOMATIC
SHUTDOWN status.

NOTE: The message "CHECK TUBE
PRESSURE AT EACH START" will
appear. This is a reminder for the
operator to monitor tube pressure
after starting the laser. PRESSURE
MONITORING is accessed through
FCTN.

. When in RUN, key parameters are

displayed on the RCM. All menus
and control functions now available
are also displayed.

. While in CURRENT mode, raise the

current to the maximum level and
allow the laser to warm-up for about
2-5 minutes. Set SOLENOID FIELD
CONTROL on the EU at the desired
level.



PREOPERATIONAL CHECKLIST

WATER FLOW: GO
FACILITY(RCC) INTERLOCK: GO

HEAD COVER INTERLOCK: GO

PRESS ENTER TO CONTINUE

8-339-91

Figure 4-4 Pre-Operational Checks
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NOTE: Should adjustment of the mirrors
be required to obtain peak power, follow
these steps:

a. Remain in CURRENT mode

b. Adjust the rear mirror alignment
using the fine adjustment knobs.
Adjust the laser for peak power
with one knob, and then adjust for
peak power with the other knob.

c. If these procedures fail to achieve
peak power, refer to sections of
this manual covering cleaning of
optical surfaces and alignment.

4.4.2 Normal Operation
1. Control the laser through the RCM as

desired. Note that functions available
to the user are displayed on the
COMMANDS AVAILABLE line of the
RCM.

a. MODE SELECT: To change the
mode, press PWR (power) or CUR
(current) on the RCM.

b. LEVEL CONTROL: To change
laser output power, press DOWN
or UP on the RCM. LEVEL
CONTROL increases current until
the upper limit for tube current is
reached. Operating the laser
above this limit will damage the
laser tube and void tube warranty.

c. RELATIVE POWER: Laser output
can be adjusted using the fine
adjustment knobs on the rear
mirror mount. Place the laser in
CURRENT mode and observe
changes in power with the
RELATIVE POWER peaking meter
on the RCM.

d. KEYS: Select FCTN or HELP
when available, by depressing the
appropriate key on the RCM.
Menus for HELP and FCTN are
self-explanatory.

NOTE: Changing between UV and
visible operation on Model
1400- -(UV) lasers requires changing
the optics and photodiode assembly.
Refer to the Appendix for operation.
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4.4.3

Should a shutdown condition signal
be sensed, the microprocessor-based
control system will shutdown the laser
and display AUTOMATIC SHUTDOWN
status on the RCM. The reason for
the shutdown will be shown in the
RCM message area. Correct the
condition and press LASER ON to
reset the signal. This will return the
laser to STANDBY status. Proceed
with the start sequence (Step 5,
above), as appropriate.

Shutdown
. Press LASER OFF on the RCM.

Tum the KEYSWITCH on the EU one-
quarter turn counterclockwise.

Cooling water must be allowd to flow for at
least 15 minutes after shutdown. Failure to
allow the laser to cool can resuit in damage
to the laser and laser tube.

— CAUTION —

Allow the laser to cool for at least 15
minutes. At the end of this period,
cooling water flow may be shut off.

NOTE: Running cooling water
through the laser when not operating
is not recommended. Cooling water
can condense on internal components
and lead to corrosion or electrical
damage to the system.

High voltage may be present in the EU and
autotransformer when the KEYSWITCH if
OFF. De-energize the wall electrical source
prior to maintaining or servicing these
components. An electrocution hazard is
present. Death or serious injury may result.

— WARNING —




SECTION 5
MAINTENANCE

5.1 GENERAL

This section includes both preventive
maintenance and corrective maintenance
procedures. Preventive maintenance can be
performed on a regularly scheduled calendar
basis, on a schedule based on the number of
operating hours, or performed in conjunction
with corrective maintenance.

NOTE: If you are operating a neon
laser, be sure to refer to the Appendix
on neon for any special maintenance

instructions or warnings.
5.2 PREVENTIVE MAINTENANCE

Laser lonics’ gas-ion laser systems are
designed such that they provide the most
reliable and maintenance-free  operation
possible.  However, due to the nature of
lasers and associated equipment, some
preventive maintenance is required. It is
recommended that the laser system be used
only in clean, dust-free environments, and
proposed  frequencies  for preventive
maintenance assume a clean environment.
When conditions require equipment operation
in areas containing a high level of airborne
particles and/or exposure to the extremes of
heat and humidity, more frequent preventive
maintenance should be performed.

5.2.1 Records and Logkeeping
Figure 5-1 is the Test Data Sheet (TDS)

provided with each laser tube. Important
data on operating parameters are recorded on
the TDS. This sheet should be retained with
the laser. The Function Menu (FCTN) also
provides head data, a listing of several key
parameters important to proper maintenance
of the laser.

Figure 5-2 is a log sheet which should be
duplicated and used to develop a record of
laser operation. Space is provided to record
tube voltage (ET), Tube Current (IT), Solenoid
Voltage, Power, and Comments. Use this
sheet to record data on inspections, start-up,
shut-down, and periodically during operation.
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5.2.2 Daily Preventive Maintenance at Initial

Start-Up_of the Laser System
1. Turn on cooling water flow and

inspect for proper cooling system
operation per the requirements
specified in Section 2 of this manual.

2. Verlfy that the incoming line voltage is
correct. This is a very important
check especially if temporary or
portable power sources are used. If
the system operates at a reduced
input voltage it will not be able to
achieve rated output power. If the
system is operated at an increased
input voltage, damage to the system
may result with associated hazards to
personnel.

3. Inspect the water fittings at the rear
of the power supply for indications of
condensation. Cooling water flow
through the laser at temperatures
below the dew point will cause
condensation to buildup in this area,
and indicate condensation is present
inside the power supply and laser
head. This can be a hazardous
situation and cause damage to
equipment or injury to personmnel due
to electrical shock. To correct this
situation either raise cooling water
temperature (up to 80°F) or
dehumidify the environment. It is
also recommended that cooling water
not be allowed to flow through a
shutdown laser for extended period in
a humid environment.

5.2.3 Weekly Preventive Maintenance

with the laser shut down, remove the
head cover and inspect the front and rear
mirrors, Brewster windows, and any optional
optics provided with the system for
cleanliness. Refer to Section 5-4 for optical
surface cleaning procedures if required.



FIMAL TEST RUN TIME DATA SHEET PAGE 1 OF

DATE MODEL CUSTOMER

TUBE# SOL# P/S#

PINCH OFF DATA DATE

ET vDC IT AMPS — soL vl ——m OUTRPUT WATTS
LINE VOLTAGE INPUTS VAC

TUBE —m— FILAMENT —m— SOLENCID ————
POWER SUPPLY VOLTAGES

CONTROL VAC ————— FILAMENT VAC ——— SOLENOID VDC

ET vDC AT IDLE —— AMPS ET UDC — AT MAX AMPS
CONTROL BOARD VvDC: +15 ——m— -15 — +12 -12
DATE TIME ET IT SOoL POWER [REFILL COMMENTS

vbC AMPS vDC WATTS T l

Figure 5-1 Test Data Sheet
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DATE

TIME

ET
vDC

1T
AMPS

SoL
vDC

POUWER
WATTS

REFILL

14

COMMENTS

Figure 5-1 Test Data Sheet (Cont’d.)
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*ANODE AND CATHODE COVERS MUST
BACK IN PLACE BEFORE STARTING

LASER IONICS, INC.
781 S. Kirkman rd.
orlando, Fla. 32811
rele 497-298-1561

ION FINAL TEST DATA

BE PUT
THE LASER

CUSTOMER
PURCHASE ORDER

VISIBLE AND INVIBIBL
RADIATION. AVOID EVE OR
SKIN EXPOSURE TO DIRECT
OR SCATTERED RADIATION

CLASS [V LASER PRODUCT

SERIAL NO. DATE_ /__/__
MODEL NO. CDRH COMPLIANCE []
INVOICE NO. NON COMPLIANCE {1
SHOP ORDER NO. POLARIZATION
SOLENOID NO. VERTICAL {1
SUPPLY NO. HORIZONTAL []
OPTICS
MAX R___
OUTPUT__
ARGON KRYPTON
Watts Amps Aper Optic Watts Amps Aper Optic
VIS VIs
514.5 799.3
5¢01.7 793.1
(o] 496.5 752.5
g 488.9 676.4
g 476.5 647.1
T 472.17 568.2
465.8 530.9
457.9 52¢.8
454.5 482.5
476.5
363.8 356.4
351.1 359.7
DIVERGENCE: ____MILLIRAD __ NOISE(10HZ-2MHZ) :LESS THAN RMS
DIAMETER: MM STABILITY (BELOW 10Hi):+/-____%____

Figure 5-2 Data Log Sheet
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VOLTAGE

INPOUT VAC@ AMPS CONTROL VAC
SOLENOID vDC +12 SUPPLY vDC
FILAMENT VAC -12 SUPPLY vDdC
PLASMA
IDLE vDC@ AMPS +15 SUPPLY vDC
MAX vDce AMPS -15 SUPPLY vDC
CALIBRATION

POWER METER

PHOTODIODE mvDC@ WATTS HIGH RANGE WATTS FULL SCALE
LOW RANGE_________WATTS FULL SCALE
PLASMA METERS
CENTER LINE vDC@ AMPS CURRENT LIMIT AMPS
OVERCURRENT SHUTDOWN_______AMPS WATER PRESSURE SHUTDORWN GPM
REFILL VOLTAGE CHARGE VOLTS
OPTIONS:
KEYLOCK
’ R.C.C. [1 BYPASS PROTECTION [] HEAD COVER INTERLOCK []

| HEAD EMISSION INDICATOR [] SUPPLY EMISSION INDICATOR []

TUBE PRESSURE ALARM: AUDIBLE [] VISUAL []

PRESHIP

HEAD
CDRH LABELS [] OSHA LABELS [] L.I. LABELS [] ELECTRICAL CONNECTIONS []
HOSE CONNECTIONS []

POWER SUPPLY
OSHA LABELS [] L.I. LABELS [] DRAIN CONNECTIONS [] POWER CABLE []
HOSES [] 16 KVA XFMR [] 36 KVA XFMR [] XFMR

MANUAL
DATA SHEET [] SCHEMATICS [] OPTIONS SHEETS [] KEYS [] INTRLCK DEFEAT []
MAINTENANCE KIT []

TECH DATE_ _/__/__ QcC DATE__/._ [/
COMMENTS

Figure 5-2 Data Log Sheet (Cont’d)




5.2.4 Monthly Preventive Maintenance
1. With the laser system shut off, remove

the laser head and power supply EU
covers. Turn on cooling water flow
and inspect all cooling hoses and
fittings for any sign of deterioration
and/or leakage. Tighten fittings if
necessary. If any leakage is noticed
in the laser head other than hoses or
quick disconnect fittings, contact
service personnel and correct the
situation prior to operation. Operation
in a high humidity environment, with
cooling water below the dew point, will
result in water condensation on
various water-cooled parts of the laser
system. Should this happen, the
system is being operated OUT OF
SPECIFICATION and the warranty is
in jeopardy. This situation must be
corrected, either by wusing warmer
cooling water (less than 80 degrees
Fahrenheit), or dehumidifying the
environment.

2. Inspect for loose or missing hardware
in the laser head and power supply.
Tighten loose fasteners and replace
missing hardware. This is a concern
especially important when the laser is
frequently transported from one
location to another.

3. In areas where the cooling water is
suspected to possess a high calcium
content, inspect the cooling lines for
calcium deposits. This can be
accomplished by shutting off cooling
water flow, separating a quick
disconnect fitting, and inspecting its
interior surfaces.

4. With the laser off, inspect external
and internal surfaces of the laser head
and DC power supply for cleanliness.
Inform service personnel if cleaning is
required as evidenced by obvious dirt
on the optical surfaces or inability of
the laser to meet specified output
power.

5.3 CORRECTIVE MAINTENANCE

This section describes procedures to be
followed to correct conditions which degrade
laser performance.

5.3.1 Tube_  Voltage Monitoring and Gas
Pressure Control

All ion lasers absorb gas over time.

Absorption rates are sensitive to many
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factors. Cooling water temperature is a
major factor in that lasers with high cooling
water input temperatures [near 80°F (26°C)]
will absorb at a higher rate than when
temperatures are low. To restore the laser to
the correct operating pressure, a gas refill
reservoir and valve system is mounted on the
laser rail (see Figure 3-2). If the system is
inadvertently overfilled, service personnel can
restore the laser to the correct pressure
using the tube pumpdown procedure in
Section 6.0.

Tube pressure is not measured directly.
Tube voltage (ET), the DC potential difference
between the anode and cathode, is read
directly and used as an indicator of tube
pressure. Pressure control is based on
maintaining tube voltage within prescribed
limits. The recommended range for ET for a
particular laser tube is given on LASER
HEAD DATA, and PRESSURE CHECK (if
running), accessed through the FCTN Menu,
and the Laser Test Data Sheet, provided in
hard copy with the laser system.

Tube current and solenoid field strength
affect ET, and must be set to prescribed
values in order to accurately measure ET.

ET should be checked each time the laser
is started, about five minutes after
commencing operation. This allows gas
pressure to stabilize. ET should also be
checked prior to shutting down the laser, and
periodically during operation. The correct
frequency for checking ET will depend on the
type of laser and duty cycle. Experience with
the laser will help to determine the gas
absorption rate and the correct frequency for
monitoring.

— WARNING —

Failure to maintain tube voltage within the
specified range on the Test Data Sheet can
result in shutdown of the laser (Regulation
Fault - FET Protection) or damage to the
laser. Never operate with tube voltage
below the specified ET limit, as presented
on the RCM display (see 5.3.1.1). Incorrect
operation will void the system warranty.

5.3.1.1 Tube Pressure Monitoring
To check ET (tube voltage, the indicator
of tube pressure), perform the following:

1. With the laser in RUN, select the
FCTN Menu. Depress the number on
the keypad for PRESSURE CHECK.



Calling the PRESSURE CHECK
Function when in RUN causes the
microprocessor to place the system in
CURRENT MODE and sets TUBE
CURRENT to the idle value.

2. Compare the ACTUAL ET to the
ALLOWABLE RANGE given on the
RCM display.

3. f ET is below the ALLOWABLE
RANGE, refer to Section 5.3.1.2, Tube
Refill, below.

4. If ET is above the ALLOWABLE
RANGE, contact service personnel to
reduce tube pressure, as described in
Section 5.3.1.3.

is within the ALLOWABLE
proceed with normal

5. f ET
RANGE,
operation.

5.3.1.2 Gas Refill

— WARNING —

This procedure does not apply to NEON
LASERS. Refer to the NEON LASER
Appendix for instructions on Gas Refill of
Neon Lasers.

When Tube Voltage is below the correct
‘range, the laser tube pressure is restored as
follows:

1. With the laser in RUN, select the
FCTN Menu. Depress the number on
the keypad for GAS REFILL.

2. Depress FCTN to fill the tube. This
will cycle both refill values, allowing a
small measured amount of gas to flow
“from the reservoir to the laser tube.

3. Observe the increase in ET. ET
should rise approximately 10 volts
during the next five minutes. Refill is
locked out for five minutes to allow
gas pressure to stabilize.

4. After five minutes, check to insure ET
is now within the correct range.
Repeat Refill if necessary. f ET
cannot be restored after performing
the tube refill procedure two times, it
is recommended that service personnel
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be contacted prior to proceeding.
5. Return to the Status Menu.

5.3.1.3. Reduction of High Pressure

Tube high pressure can result from over
filling the tube during the GAS REFILL
procedure. Laser tubes also outgas a small
amount of argon or krypton gas on occasion,
especially when operating conditions change
or when the laser tube is new. If ET is no
more than +15 volts above the upper limit for
ET, when measured with the laser operating
at idle current (PRESSURE CHECK),
continued operation of the laser will generally
bring the laser back to the normal operating
range for ET. When ET is more than 15
volts above the upper range, the laser may
not achieve specified power. However,
operation at higher pressure than normal for
short periods will not damage the system. If
ET is above the specified range, perform the
following:

1. Perform PRESSURE CHECK and
record ET and time. Operate the
laser as normal.

2. Perform PRESSURE CHECK after one
hour operation. ET should be lower
at this time and moving towards the
normal range.

3. Continue to operate and check ET
about once per hour.

4. As ET is lowered, normal range for
full power will be restored. Should
this not occur, within four hours, it is
recommended that service personnel
be contacted to perform the TUBE
PUMPDOWN procedure in Section 6.0.

5.3.2 Cleaning of Exterior Surfaces on DC
Power Supply and Laser Hea
Standard cleaning practices and routines
are permissible in regard to the exterior
surfaces of the DC power supply and laser
head. Insure the laser is de-energized at the
wall power source prior to performing these

procedures.

1. Clean exterior with a clean, damp
cloth and mild detergent to remove
smears and stains. Do not allow
fluids, pastes, or contaminating
material to enter connectors or vents.

2. Dust the interior of the DC power
supply with a vacuum cleaner, low-
pressure air (10-15 psi), or with a soft



brush. Observe all precautions
associated with electrical equipment
and delicate electronic components.

5.3.3 Cleaning of Optical Surfaces
— CAUTION —

* Do not touch any optical surface with
bare, unprotected fingers. Use clean,
unused fingercots.

* Do not wipe sand, dirt or dust from any
optical surface with commercial wiping
cloths or paper products. Use materials
designated for use on precision optical
surfaces only. Failure to comply could
cause permanently scratched surfaces or
coating deterioration.

NOTE: It is recommended that the mirrors
and Brewster windows be cleaned during
initial installation of the laser system. This
experience will enable key operating/
maintenance personnel to visually define
"normal" diffraction from clean optical
surfaces.

1. Shut down the laser system and
remove the head cover.

2. Remove the cavity covers from
between the two front and rear mirror
mounts and Brewster windows.
Removal of these covers exposes the
Brewster windows for cleaning.

3. Remove the optic hold-down caps from
the threaded bezels on the front and
rear mirror mounts.

4. Using a clean, unused high-quality Q-
tip or clean, unused rolled-up sheet of
lens paper, gently push the mirror out
of its mount just far enough to grasp
the mirror by its sides, then carefully
slide it out of the mount.
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5. Using dry nitrogen or compressed

argon source, blow loose particles
from optical surface(s).

6. Apply one or two drops of reagent-

grade acetone to a fresh Q-tips or
rolled-up sheet of lens paper. Shake
off excess solvent (away from laser
equipment).

Lightly lay the acetone dampened Q-
tip or lens tissue on the surface to be
cleaned and gently draw across the
surface while carefully rotating the Q-
tip or lens paper against the direction
of travel. This practice prevents the
coating on the optical surface from
being scratched and  precludes
pressing any particles into the soft
surface coating. Reinstall the mirrors.

NOTE: Haze or smears remaining on
optical surfaces require that the
surface be recleaned. Use fresh
cleaning materials when repeated
cleanings are necessary.

. To clean the two Brewster windows,

perform Steps 5 through 7 above.
Visually check cleaning results.

Replace the head cover and observe
results. If the surfaces are not
cleaned satisfactorily, as evidenced by
low power, shut down the laser and
repeat the cleaning steps above.
Always use fresh, unused cleaning
materials for all subsequent surface
cleanings.



SECTION 6
LASER HEAD SERVICE

connections.

— CAUTION —

These tasks may require operation of the laser with the
laser head cover or power supply panels removed and
shorting bar in place. They should only be undertaken
by trained service personnel since hazards exist from
exposure to laser radiation

and high voltage

6.1 GENERAL

Optical components of the laser system
were aligned and adjusted before shipment
from the factory. Occasionally, however,
handling and shipment can alter the
alignment of one or more of the components.
To properly "peak up” the laser to its
maximum performance, it may be necessary
to adjust the system using one of the
following methods.

6.2 OPTICAL ALIGNMENT

To achieve optimum output power from
the laser system, the mirrors within the
optical cavity must be parallel to each other
and the optical path of reflection must be
aligned to the center of the tungsten disc
bore.

6.2.1 Major Optical Allignment (Broadband
Operation]

1. Shut down the laser system and
disconnect power to the DC power

supply.

2. Remove the covers from the laser
head.

3. Install the interlock defeat shorting
bar (provided with the laser system)
on the laser head cover interlock
switch.

4. Carefully remove the front and rear
cavity covers from between the mirror
mounts and the Brewster windows
(see Figure 2-1).

5. Refer to Section 4.0 and start up the
laser system.
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— WARNING —

«During laser operation, two secondary
beams are reflected off the Brewster
windows. The direction of projection of
these beams will be the axis of
polarization of the laser head. The
strength of these reflected beams is
sufficient to cause permanent eye
damage. Wear eye protection (laser
goggles) suitable for rated output.
Ensure laser output does not intercept
observer personnel.

eWhen the laser covers are removed,
hazardous voltages exist on exposed
electrical leads from the laser head and
on the terminal strips located on the
laser head rail. Do not touch exposed
leads or terminal strips with hands or
fingers when performing optical
alignment. Electrocution or serious
injury can result from contact with
electrical connections.

6. Set the tube current to a mid-range

value while in CURRENT mode with
the control on the RCM.

7. Bend a white 3"x5" index card into an

"L" shape. Place the card in the
opening between the front Brewster
window and front mirror mount.

8. Adjust the card so that it completely

blocks the light being emitted by the
plasma tube from reaching the front
mirror.

9. Locate the bright spot on the card

which is caused by emissions of the



10.

11.

12.

13.

14.
15.

16.

17.

plasma tube. Lightly mark the center
of that bright spot with a fine point
felt tip marker.

Remove the 3"x5" card and punch a
1/16 inch diameter hole in the card
at the marked spot.

— NOTE —

Patience and care in performing
Step 11 through Step 13 will
simplify the remaining
alignment steps. See the
Appendix on Neon lasers for
slight variations in  this
procedure for neon ion lasers

Replace the card in the opening
between the front Brewster window
and front mirror mount and adjust it
so the bright spot passes through the
hole in the card and strikes the front
mirror.

Observe the side of the card that faces
the front mirror mount. Locate the
bright spot on the card being reflected
off the front mirror and onto the card.

On front mirror mount, adjust the
Vertical and Horizontal adjustment
controls until the spot on the front
side of the card is superimposed over
the 1/16 inch hole such that light is
reflected off the front mirror and back
down the laser bore.

Remove the 3" x 5" card.

On the rear mirror mount, remove the
optic cap, optic shim, O-ring, and rear
mirror. Set the parts aside for later
installation (see Figure 6-1).

After removing the parts, observe the
light radiated from the rear end of the
laser on a white surface positioned
approximately three to four feet in
back of the laser head.

— NOTE —

it might be necessary to
extinguish surrounding light
to perform the next step.

The light radiated onto the white
surface will appear as a large blue
disc, with a small bright spot located
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18.

19.

20.

21.

22,

somewhere within the disc. The small
bright spot is the light reflected off the
front mirror and back through the
tube bore. If the bright spot cannot
be located, Steps 11 through 13 above
must be repeated.

Using the VERTICAL control on the
front mirror mount, scan on the
vertical axis to determine the points in
the large blue disc where the bright
spot disappears. Follow by scanning
with the VERTICAL control as
required to center the bright spot
between these points.

Repeat Step 18 on the horizontal axis
using the HORIZONTAL control.
When this step is completed, the front
mirror is roughly aligned with the
center of the tube bore.

Reinstall the rear mirror in the mirror
mount, Inserting the surface
containing the reflective coating first.
Follow by installing the O-ring, optic
shim, and optic cap (see Figure 6-1).

Perform Steps 7 through 13 at the
rear end of the laser head and adjust
the rear mirror. DO NOT move the
axis adjustments previously set for the
front mirror, or place the 3"x5" card
between the front Brewster window
and front mirror mount.

When the light reflected off the rear
mirror is superimposed over the 1/16
inch hole in the card, scan the
horizontal adjustment back and forth
while slowly scanning with the vertical
control. Lasing should occur during
this scanning process when the rear
mirror is aligned parallel to the front
mirror.

— NOTE —
The major optical
alignment (broadband

operation) procedure is a
time consuming task when
first attempted, but with a

little experience the
procedure can be
completed in a matter of a
few minutes.

6.2.2 Optical-Path-to-Bore Alignment

Once lasing has commenced, alignment of

optical path to the
performed as follows:

laser bore must be
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Figure 6-1 Mirror Mount, Exploded View
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1.

. instatlation

Adjust the rear mirror HORIZONTAL
and VERTICAL controls to peak power
and note the power level observed on
the power meter on the DC power
supply front panel.

Observe the beam. It should be
centered on each Brewster window. If
the beam is not centered, detune one
axis at the front mirror mount in the
direction required to move the beam
toward the center of the rear Brewster
window. Retune the same axis on the
rear mirror mount in the opposite
direction. Note the peak power level
indicated on the power meter.

Detune the front mirror on the same
axis, going in the same direction if the
peak power increased; in the opposite
direction if the peak power decreased.
Retune the rear mirror and again
observe the indicated peak power.

Repeat Steps 1 through 3 in one
direction until the peak power which
can be achieved by retuning the rear
mirror begins to drop. At this point,
repeat the same steps in the opposite
direction until the output returns to
the highest power level observed.

Repeat steps 1 through 4 on the
remaining axis. When completed, the
optical path will be aligned with the
laser bore.

— NOTE —

This concludes the alignment
procedures required for the basic
Gas-lon Laser Systems.
Alignment procedures provided in
Appendix B need only be
performed if optional optic devices
were purchased with the system.
If optional optics were purchased,
proceed to the  appropriate
and/or  alignment
task(s) without shutting down the
laser system. Otherwise, perform
Step 6.

.Shut down the laser system (Section
4.0), remove the interlock defeat
shorting bar, replace the cavity covers,
and reinstall the laser head covers.
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6.3 GAS PRESSURE CORRECTION - GAS
PUMPDOWN

To achieve maximum tube life, gas
pressure should be maintained within the
recommended band. Follow the procedure in
Section 5.0 to verify that the tube voltage
(ET) is above the operating range. If so,
proceed with the tube pumpdown procedure.

If determined that the laser tube is in a
high pressure state, and pressure is not
restored to the mnormal range by the
procedure in Section 5.3.1.3, the laser may
be "Pumped Down" using the following
procedure. It will be necessary to obtain
approximately two liters of liquid nitrogen
and fabricate a tray, as described below to
perform this procedure. The function of the
tray is to contain the Hquid nitrogen in the
immediate vicinity of the gas reservoir so that
the temperature of the reservoir may be
reduced enough that it will absorb gas from
the laser tube.

1. Shut down the system and remove the
head cover.

2. Remove the teflon screw in back of
the refill system.

*Note: Exercise caution not to lose
the screw or any of the washers
beneath the screw. Be sure to count
the number of washers so that the
same number is reapplied following
this procedure.

\

3. Using a non-conductive material (i.e.,
cardboard, etc.), prepare a tray to fit
the length of the gas-reservoir with
sides measuring 5/8" in height.

4, Place the tray beneath the
reservoir using extreme caution.

gas

5. Insert the pumpdown key into the
lock at the anode end of the laser.
Tum 1/4 turn clockwise. This action
enables tube pumpdown.

6. Install the shorting bar and start the
laser. Call up the FCTN menu and
select "TUBE PUMPDOWN".

7. Pour liquid nitrogen into the tray.
Maintain flow at full level for
approximately three minutes.

8. Initiate Tube pumpdown by pressing
the command on the RCM. This



opens the valves for a brief period,
allowing a small amount of gas flow
into the reservoir.

CAUTION: If tube voltage rises, the
reservoir is probably not cold enough.
Cease the operation and continue to
freeze the reservoir by pouring more
liquid nitrogen on it.

9. Monitor the tube voltage closely.
Continue to cycle the valve until tube
voltage is mnear the middle of the
recommended range.

10.Once the correct tube voltage has

been achieved, exit TUBE PUMPDOWN

and FCTN by depressing controls on
the RCM. Turn the pumpdown enable
keyswitch 1/4 turn counter-clockwise
and remove the key.

11. Allow the gas reservoir to warm up to
room temperature and remove the tray
from beneath it.

12. Reattach the nylon screw. Use the
original screw and replace all washers
originally mounted on the system.

Note: Substitute screws may cause
damage to the unit. Use only the
parts which came with the system.

13. Remove all moisture on or near the
gas reservoir prior to starting the
laser.

14. Observe Tube Voltage (ET) to make
certain the refill valves are closed, and
that gas is not allowed to leak back
into the system. Gas pressure will
stabilize about five minutes after
completing the pumpdown procedure.

6.4 OPTICAL SURFACE SERVICE

— WARNING —

Never look down the laser bore. Always
locate the secondary beams from the
Brewster windows before looking into the
laser cavity.

Proper inspection and maintenance of the
front and rear mirrors and Brewster windows
is crtical to maintaining optimum laser
performance and extended life of the optical
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components.

76.4.1 Cleaning of Optical Surfaces

— CAUTION —

eDo not touch any optical surface with
bare, unprotected fingers. Use clean,
unused fingercots.

eDo not wipe sand, dirt or dust from any
optical surface with commercial wiping
cloths or paper products. Use materials
designated for use on optical surfaces
only. Failure to comply could cause
permanently  scratched surfaces or
coating deterioration.

— NOTE —

it is recommended that the mirrors
and Brewster windows be
cleaned during initial installation of
the laser system. This experience
will enable key operating/
maintenance personnel to visually
define "normal" diffraction from
clean optical surfaces.

Remove the cavity covers from
between the two front and rear mirror
mounts and Brewster windows.

Removal of these covers expose the
Brewster windows for cleaning.

Remove the optic caps from the
threaded bezels on the front and rear
mirror mounts. :

— WARNING —

Use care to avoid touching the exposed
high voltage leads located adjacent to
the laser tube. Lethal voltages are
present.

3. Using a clean, unused high-quality Q-

tip or clean, unused rolled-up sheet of
lens paper, gently push the mirror out
of its mount just far enough to grasp
the mirror by its sides, then carefully
slide it out of the mount.



4. Using dry nitrogen or compressed
argon source, blow loose particles
from optical surface(s).

5. Apply onme or two drops of reagent-
grade acetone to a fresh Q-tips or
rolled-up sheet of lens paper. Shake
off excess solvent (away from laser
equipment).

6. Lightly lay the acetone dampened Q-
tip or lens tissue on the surface to be
cleaned and gently draw across the
surface while carefully rotating the Q-
tip or lens paper against the direction
of travel. This practice prevents the
coating on the optical surface from
being  scratched and  precludes
pressing any particles into the soft
surface coating.

— NOTE —
Haze or smears remaining on
optical surfaces require that the
surface be recleaned. Use fresh

cleaning materials when repeated
cleanings are necessary.

— — —

7 Reinstall the mirror and observe the
results. If the surface is not cleaned
satisfactorily, remove the mirror and
repeat the cleaning steps above.
Always use fresh, unused cleaning
materials for all subsequent surface
cleanings.

8. To clean the two Brewster windows,
detune the front and rear mirrors as
required to stop lasing, then perform
Steps 4 through 6 above. Retune the
mirrors, check cleaning results, and if
results are good, shut down the laser
system.

6.4.2 Brewster Window "Zapping"
Brewster window “zapping' is a method

whereby electricity is used to remove internal
contamination from the Brewster windows.
Note that while there may be no visible
contamination on the inside of the windows,
there still could be enough contamination to
cause operational problems such as poor
color balance or loss of power. It might not
be possible to see any visible improvement in
window cleanness after performing the
"zapping" process. Cleaning results must be
verified as prescribed later in this procedure.

procedure

The following is  the
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recommended for Brewster window "zapping".

1. Carefully remove the rear cavity cover
from the laser head, being certain to
completely compress the bellows to
clear and avoid scratching the
Brewster window.

9. Carefully slide the front cavity cover
over the neck of the plasma tube to
expose the front Brewster window.

3. On the cathode end of the laser tube,
gently disconnect the plastic tubing
from the fitting on the cavity cover.
Carefully remove the glass tube from
the laser tube and place in safe area
for later installation.

— CAUTION —

eDo not perform “zapping” procedure
until laser is running at idle (CURRENT
control set at its lowest value) and in
CURRENT code. If this procedure is
performed while running the laser at
higher power, electical noise is produces
that will cause the system to shut down
and might result in damage to electonic
components in the DC power supply.

eDo not allow the Tesla coil to arc to
the surface of the mirror. Permanent
damage to the mirror will result.

4. With the laser system operating at idle
current and in CURRENT mode, place
a plastic insulator card -- fabricated
from a section of plastic or plexiglass
measuring approximately 3 x 5 x 1 /8
inches -- inside the resonator end
plate between the Brewster window
and the mirror. This insulator card
will prevent the Tesla coil arc from
jumping to the surface of the mirror,
causing permanent damage. Note that
if the distance between the Brewster
window and the mirror of the system
undergoing maintenance is two inches
or more, the insulator card need not
be used. However, to provide
maximum protection for the mirror,
the insulator card should be inserted.



— NOTE —

The Tesla coil is a tool powered
by 110/220 Vac that is used to
generate an electrical arc required
to clean the Brewster windows.
The Tesla coil can be purchased
locally or can be ordered directly
from Laser lonics, Inc.

Avoid excessive motion of the "magic
wand" against the Brewster window.

— CAUTION —

5. To prevent scratching the Brewster

window, place the paper-backed side
of the "magic wand" metal plate
against the window.

Energize the Tesla coil and hold its tip
approximately 1/2-inch over the
center of the wand’s metal plate to
produce a single arc for no longer
than 10-15 seconds.

Clean the external surface of the
Brewster window as described in 6-
4.1. This cleaning operation will
remove any particles or other
contamination that may have been
introduced by the "magic wand". If
the window 1is contaminated when
laser power is brought up, it might get
burned into the window causing
permanent damage.
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8.

10.

11.

Verify cleaning results by observing
the laser output power, and by
examining the "mode” of the beam
using a beam diagnostic system or a
small lens to expand and project the
beam onto a suitable flat viewing
surface. The following characteristics
should be observed at a point where
thtc:1 image is approximately one foot
wide.

a. The intensity of the light should be
maximum in the center of the
beam image and should taper off
uniformly toward the edge.

b. There should be no dark patches
in the image. If the image is
patchy or unstable, contamination
still exists on the window interior
and the "zapping" procedure must
be repeated.

. Install the cavity cover over the laser

tube and reconnect the plastic tubing
to the fitting on the glass tube.

Perform Steps 3 through 9 above on
the Brewster window located at the
anode end of the laser tube.

Install the covers on the laser head
and return system to normal service.
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PERFORMANCE SPECIFICATIONS
MODEL 851/851B POWER SUPPLY

Type: Linear, line rectified, series pass

Input Voltage to Line 220 vac + 10%'
Interface Transformer 440 vac = 10%’
Current 25-85 Amperes
(depends on laser head rating)
Frequency 47-63 Hz
Phase 3@, 3 wire w/ground
Weight 60 Ib. (27 Kg)
Cooling Air and water cooling
Interlock/Shutdown Indication . Hi-Lo water flow
. Covers PS/laser head
. Factlity (RCC)

. Water temperature (high)

* Solenoid current (high/low)
* Tube bypass fault

* Tube voltage

* Overcurrent

" Excess power dissipation

* Start time exceeded

* Anode voltage

Remote Capability Full function remote with
liquid crystal display

Diagnostic Key parameters accessed
through remote

Configuration . Table model standard

. Roll around cart with
transformer optional
Construction . Modular assembly
. Ribbon cable control
harness
. PC boards in card cage

NOTES

1) For Argon lasers to 15 watts multiline output and Krypton and mixed gas lasers to 3

watts output and all B series lasers.
2) For Argon lasers 16 to 25 watts output and Krypton and mixed gas lasers 4 to 6 watts

output.
3) Specifications subject to change without notice.



PERFORMANCE SPECIFICATIONS'

RAINBOW
Optical Output .7 to 5 watts®
Resonator Structure Graphite - Invar
Beam Diameter 1/¢ Points 1.5 - 1.9 mm
Beam Divergence® 4 - .9 mRAD
Polarization Vertical
Extinction Ratio >100:1
Transverse Modes Multi
Warm-up Time - Multiline 5 min.
Beam Pointing Stability® <10 microRAD
Power Stability, Long-Term, Current Mode® + 3%
Power Stability, Long-Term, Power Mode® + .5%

NOTES

1) Specifications subject to change without notice.

2) Powers are multiline. Single line powers available on request.

3) In any 5 min. period after 30 min. warm-up.

4) Defined as the difference between the drain back pressure and the inlet pressure.
5) In any 30 min. period after 60 min. warm-up.



RAINBOW

ARGON KRYPTON MIXED GAS
Power Power Power | Dim A |Weight
Model (Watts) | Model (Watts) | Model {(Watts) (cm/in) (Kd)
A 5 K .7 A/K 2.5 125/49 23




PERFORMANCE SPECIFICATIONS'

MODEL 1400
Optical Output .5 to 25 watts®
Resonator Structure Graphite - Invar
Beam Diameter 1/¢” Points 1.5 mm
Beam Divergence® 0.4 - 0.7 mRAD
Polarization \ Vertical
Extinction Ratio >100:1
Modes TEM,,
Warm-up Time 5 min.
Beam Pointing Stability* <10 microRAD
Power Stability, Long Term, Current Mode® + 2.0%
Power Stability, Long Term, Power Mode® + 0.5%
Optical Noise, Current Mode 0.5% RMS
Optical Noise, Power Mode 0.3% RMS

NOTES

1) Specifications subject to change without notice.

2) Powers are multiline. Single line powers available on request.
3) In any 30 min. period after 60 min. warm-up.

4) In any 5 min. period after 30 min. warm-up.



MODEL 1400

ARGON KRYPTON MIXED GAS
Power Power Power Dim A Weight

__Mogdel (Watts) | Model |(Watts) | Model (Watts) (cm/in) (Ka)
1400-5A 5 1400-1K .7 1400-1AK 1 124.5/49 23
140Q—10A 10 1400-2K 2 1400-2AK 2 167.6/66 32
1400-15A 15 1400-3K 3 1400-3AK 3 171.5/67.5 38
1400-20A 20 1400-4K 4 1400-4AK 4 214/84 59
1400-25A 25 1400-6K 6 1400-6AK 6 239/94 60

NEON
1400~1N 1 167.6/66 32
1400-05N .5 124.5/49 23




PERFORMANCE SPECIFICATIONS'

B SERIES
Optical Output 1 to 50 watts?
Resonator Structure Graphite - Invar
Beam Diameter 1/e* Points 4.0 mm
Beam Divergence® 0.8 - 1.0 mRAD
Polarization Vertical
Extinction Ratio >100:1
Transverse Modes Multi
Warm-up Time - Multiline 5 min.
Power Stability, Long Term, Current Mode® * 2%
Power Stability, Long Term, Power Mode® + .8%

NOTES

1) Specifications subject to change without notice.

2) Powers are multiline. Single line powers available on request.

3) In any 30 min. period after 60 min. warm-up.

4) In any 5 min. period after 30 min. warm-up.

5) Defined as the difference between the drain back pressure and the inlet pressure.
6) Measured two (2) meters from the beam aperture.



B SERIES LASERS

ARGON KRYPTON MIXED GAS
Power Power Power Dim A Weight
Model (Watts) | Model |(Watts)| Model (Watts) (cm/in) (Kq)
MB-50A 50 MB-50K 12 MB~50AK 20 239/94 60
RB-25A 25 RB-25K 8 RB-25AK 12 171.5/67.5 38
PB-15A 15 PB-15K 5 PB~15AK 8 124.5/49 23
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APPENDIX =1
LITTROW PRISM SERVICE

B-1.1 GENERAL

Littrow prisms are used to achieve single wavelength operation. The littrow prism replaces
the maximum reflector optic at the rear of the laser head. Figure B-1-1 shows the relative
position of the littrow, laser tube bore and output mirror. An angle is formed in the plane of
the figure by a line drawn through the bore and a line parallel to the front of the prism within
the plane of polarization. Changes to this angle, accomplished with the mirror mount fine
adjustment knob, change the wavelength emitted by the laser.

B-1.2 LITTROW PRISM INSTALLATION AND ALIGNMENT

Figure B-1-2 shows the position of the littrow in the rear mount. Scribe marks on the
mirror mount and littrow mount should be aligned when the littrow is inserted in order to
operate correctly. The installation procedure is as follows:

— WARNING —

e During laser operation, two secondary beams are reflected oft the Brewster
windows. Ensure laser output does not strike personnel. NEVER LOOK INTO
THE BEAM. The strength of these reflected beams is sufficient to cause
permanent eye damage.

e When the laser covers are removed, hazardous voltages exist on exposed electrical
leads from the laser head and on the terminal strips located on the laser head rail.
Do not touch exposed leads or terminal strips with hands or fingers when
performing optical alignment. Electrocution or serious injury can result from contact
with electrical connections.

1. Optimize laser performance warm-up system and shutdown laser, remove the head
cover and install the shorting bar. Start up the laser.

9. Remove rear mirror from the rear mirror mount and insert the littrow prism assembly
in its place. Take care to align the scribe marks on the mirror mount with those on

the littrow.

3. Note the two spots where the plasma radiation reflects off the Brewster windows and
strikes a distant surface (ceiling, wall, etc.).

4. Rotate the prism in the mirror mount as required to align the spot from the ratiation
reflected off the Littrow prism with the two spots from the Brewster windows. This
action aligns the Littrow prism with the axis of laser polarization (see Figure B-1-1).

5. Secure the Littrow prism in place by tightening the setscrew located in the mirror
mount threaded bezel.

6. If the laser is not lasing, slowly scan the Littrow prism by adjusting the mirror mount.
NOTE
Once satisfactory lasing has begun, the Littrow prism alignment task 1is
complete, and the operator can proceed to the etalon installation and alignment

procedure without shutting down the laser system, if planned. Otherwise,
perform Step 7.

7. Shut down the laser, remove the shorting bar, and replace the head cover.

B-1-1
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APPENDIX -2
ETALON INSTALLATION AND OPERATION

When optical-path-to-bore and littrow prism alignment have been completed and checked,
and the system is lasing single-line with the littrow prism in place, installation of the optical
etalon can be performed as described in the following paragraphs.

1.
2.

Shutdown the laser system and remove the head cover.

Install the etalon in the etalon mount located in front of the rear mirror mount. Be
sure the etalon does not touch the Brewster window during installation. (See Figure B-
2-1). Connect the oven controller cable.

Replace the head cover and start up the laser. Do not adjust the littrow prism or front
mirror mount.

Activate the temperature controller by calling the etalon function through FCTN and the
RCM. Turning on the oven will stabilize the etalon temperature in about 30 minutes.

If the laser is not lasing at this point, scan the etalon using the etalon vertical and
horizontal adjustments on the rear mirror mount adjacent to the rear mirror
adjustment controls. Continue to scan until lasing occurs.

When lasing occurs, continue scanning on one axis while observing the output power
indication on the Remote Control Module power meter.

While scanning in one direction, one mode will cause lasing to stop and another mode,
of higher or lower power level, will cause lasing to commence. Determine the highest
power mode by scanning in both directions, then fine-adjust to that mode.

Perform Steps 5 and 6 on the opposite axis.

When the laser has been tuned to the highest power mode, detune the etalon on the
axis equivalent to the axis of polarization until single-frequency operation is achieved.
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APPENDIX -3
ULTRAVIOLET OPTICS

B-3.1 GENERAL

Argon and krypton ultraviolet lasers include special laser tubes designed to enhance
ultraviolet output power. Ultraviolet and visible optics sets are both provided with the system.
Two photodiode assemblies (Figure B-3-1), one for visible and one for ultraviolet operation,

complete the system.

B-3.2 CHANGEOVER

When switching from ultraviolet to visible operations, and vice versa, the following procedure
should be followed:

1. Shut down the laser system and remove the head cover.

2. Clean the optics to be installed as described in Section 5-3. Remove the other optics set.
Clean the brewster windows. Install the optics to be used.

3. Carefully remove the photodiode assembly by pulling it upwards. It is attached to the rail
by a plug and socket connection. The photodiode assemblies are labeled as to whether
they are designed for visible or ultraviolet operation.

NOTE
The photodiode assembly is tuned to particular power levels and
wavelengths. Failure to use the correct assembly may affect the suppression
of optical noise and cause inaccuracies in the measurement and display of
output power on the Remote Control Module.

4. Remove the cover and follow normal start-up and operating procedures.
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APPENDIX - 4
RS-232 SERIAL INTERFACE

B-4-1 INTRODUCTION

The Model 851 Power Supply may be controlled through either the standard Remote
Control Module or through any external device which provides an RS-232 interface. When
using the RS-232 interface, the standard Remote Control Module must be disconnected and
the optional RS-232 interface cable connected to the power supply front panel.

Using the RS-232 interface, Electronics Unit functions may be controlled and operating
status interrogated by a remote computer system. A command or querry must always be
initiated by the customer’s equipment and must wait for the power supply to respond before a
new command or querry issued. The power supply will not accept a second command or
querry until it responds to the first nor will it initiate any communications.

All communications between the user’s equipment and the power supply consists of ASCII
data. Each command or interrogation must be terminated with a carriage return {OD hex).
All responses from the power supply are terminated with a carriage return. {All line feeds, OA

hex, are ignored by the supply.)

Examples:
ON<CR> (User command)
OK<CR> (Power supply response)
? PWR<CR> (User querry)
35.4<CR> (Power supply response)

B-4-2 ELECTRICAL INTERFACE

An optional RS-232 interconnect cable is required in order to control the power supply by
an external RS-232 control device. Use of any cable other than that specified by IOLIGHT
voids all warranties and may cause serious damage to the power supply and user’s equipment.

Table B-4-1 provides a listing of pin assignments for the 25-pin RS-232 connector attached
to one end of the optional RS-232 interconnect cable. RS-232 interface operation requires that
the user's equipment be configured for 2400 BAUD, NO PARITY, 8 DATA BITS, and 1 STOP
BIT. Data sent to the power supply is not echoed back to the user.

Table B-4-I. RS-232 Pin Assignments

g
S

Description
Protective ground

Transmittéd data (data to power supply)

Received data (data from power supply)

~ w [ &) D—"

Signal ground

The RS-232 interface is specified for operation at distances up to 50 feet. Operation at
distances greater than 50 feet may be achievable in some circumstances but depends on the
capabilities of the user's equipment, type of cable provided to user’s equipment and the
electrical noise levels within the immediate environment. Operation of the RS-232 interface at
distances greater than 50 feet is not recommended.

B-4-1



B-4-3 USER COMMANDS/QUERRIES

The Model 851 Power Supply will respond to the following commands and querries. Any
command sent to the power supply which is not listed will result in an error message
response. Commands and querries must be in the exact format specified and must be in
UPPER CASE text.

Name CUR - set tube current level in current control mode
Usage CUR=nn.n<CR>
Description Sets the tube current to nn.n Amperes. This command is executed only if

the supply is in the current control mode. If this command is issued while
the supply is in power control mode, an error message is returned. Tube
current will not be permitted to exceed the maximum allowable tube current,
nor will it be permitted to fall below the idle current specified for the head.
For example, if the user commands the tube current to 50.0 Amps and the
maximum allowable tube current is 35.0 Amps, the power supply will 'set the
tube current to 35.0 Amps in response to the command.

Return Value OK<CR> -  Normal return.

ERR nn... - See Table B-4-II for a description of error codes.

Name ETALON - enables/disables etalon stabilization heater

Usage ETALON=ON<CR>
ETALON=OFF<CR>

Description Tums the etalon stabilization heater either ON or OFF. After the etalon
stabilization heater is turned ON, the temperature of the etalon will stabilize
within approximately 5 minutes and is then maintained at a level determined
by the setting of the etalon temperature control located on the rear panel of
the power supply electronics unit. Turning the etalon stabilization heater
OFF will disable the etalon heater and the etalon temperature will drop to
the ambient temperature within the laser head.

Return Value OK<CR> -  Normal return.

Name FILL - activate tube refill cycle one time
Usage FILL<CR>
Description The FILL command places the laser in CURRENT control mode, sets the tube

current to IDLE, measures the tube voltage, and if the tube voltage is less
than the specified minimum, cycles the refill valves one time. If the tube
voltage is within specification, this command will return without activating
the refill valves. Once this command has been issued, further FILL
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Return value

commands will be ignored for approximately 5 minutes while tube pressure
and tube voltage stabilize. Issueing a FILL command will increase the tube
gas pressure and increase the tube voltage approximately 10 volts at
maximum current. The FILL command will place the laser in CURRENT
mode and will set and leave the current at IDLE.

OK<CR> - Normal return.

ERR nn... - See Table B-4-1I for a description of error codes.

Name

Usage

Description

Return value

MODE - set the operating mode of the power supply

MODE=CUR<CR>
MODE=PWR<CR>

Sets the power supply control mode to either current (CUR) or power (PWR).
In current mode, the power supply regulates the current flowing through the
tube and maintains constant current. In power mode, the power supply
regulates the current flowing through the tube to maintain a constant output
power level. If the power supply is in current mode, the command
MODE=CUR will have no effect. Similarly, if the power supply is in power
mode, the command MODE=PWR will have no effect.

If the power supply is in current mode and the output power is above the
head’s rated power when the MODE=PWR command is issued, the power
supply will go into power control mode and will reduce the output power of
the laser to the head’s rated power.

OK<CR> - Normal return.

ERR nn... - Returned if a fault or abnormal condition is detected during
mode transition. See Table B-4-1I for a description of error
codes.

Name
Usage

Description

Return value

OFF - turn off laser emission/reset fault

OFF<CR>

The OFF command turns off the tube and stops all laser emission. This
command does NOT turn off power to the laser power supply. An OFF
command must be issued after first applying power to the Electronics Unit
before the laser may be started. It must also be issued after any fault is
detected to reset the EU fault logic.

OK<CR>
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Name
Usage

Description

Returned value

ON - turns on the laser tube

ON<CR>

The ON command initiates the 30-second laser ignition sequence. During
this sequence, the following events take place:

1.
2.

Filament and Anode (High) voltage is applied to the tube.

Power supply is placed into the current control mode and the tube
current is set for idle.

Solenoid field current is driven to maximum and the front panel solenoid
field current control is disabled. The front panel control will remain
disabled for approximately 3 minutes after tube start. At that time,
control will be returned to the front panel solenoid field control.

Solenoid field current is measured. If the solenoid field current is less
than the minimum required for start, the start sequence will be aborted
and an error message returned.

Anode voltage is measured. If the anode voltage is less than the
specified minimum or greater than the specified maximum for the head,
the start sequence will be aborted and an error message will be returned.
The error message indicates that the line voltage to the power supply is
out of range.

All interlocks and prestart flags are checked. Any error condition will
cause the start cycle to abort and an error code (ERR nn) return.

30 seconds after the ON command is received, a start pulse will be
applied to the tube. If the tube does not start within 5 seconds after
applying the start pulse, the start sequence will be aborted and an error
message will be returned. If the tube ignites when the start pulse is
applied, an OK message will be returned.

OK<CR> - Returned approximately 30 seconds after the ON command
is issued and the tube is sucessfully started.

ERR nn... - Returned immediately upon detection of a fault or abnormal
condition. Also returned if tube does not start within
allowed time. See Table B-4-II for a description of error
codes.

Name

Usage

PWR - set output power level in power control mode

PWR=nn.n<CR>
PWR=n.nn<CR>
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Description

Returned value

Sets the output power level if the power supply is in power control mode. If
the power supply is in current control mode, this command is ignored and
OK is returmed. If nn.n (or n.nn) exceeds the rated power of the laser head,
the output power will be set at the laser head’s rated output. If nn.n (or
n.nn) is less than the power rating of the laser head at idle current, the
power output of the laser will be set to the idle current power output level.

OK<CR> - Normal return.

ERR nn... - Fault or abnormal condition detected. See Table B-4-II.

Name
Usage

Description

Return value

?CUR - report measured tube current

2CUR<CR>

Requests the power supply to measure and report the current through the
laser tube. This query may be issued at any time. The value returned is .
the measure tube current in Amperes.

nn.n<CR>

Name
Usage

Description

Return value

2ET - report tube voltage
?ET<CR>
Measures and reports the tube voltage in volts.

nnn<CR>

Name
Usage
Description

Return value

?ETALON - report etalon heater status
?ETALON<CR>

Reports whether the etalon stabilization heater is on or off.

ON<CR>
OFF<CR>

Name
Usage

Description

?2FLOW - measure and report water flow rate
?FLOW<CR>

Measure and report the water flow rate through the power supply. The flow
rate is reported as n.n gallons/minute.
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Return value

n.n<CR>

Name
Usage

Description

?HEAD - report programmed head data
?HEAD<CR>

Reads the head operating parameters stored within the head and sends the
data back to the user according to the following structure:

n..n<CR> - Head serial number (solenoid number)
nn/nn/nn<CR> - Date of manufacture

a...a<CR> - Model number (10-character text field)
a...a<CR> -  Type (ARGON, CRYPTON, etc)

nn.n<CR> - Power rating (in watts)

nn.n<CR> - Idle power (in watts)

nnn<CR> - Tube current limit (amps)

nn<CR> - Tube idle current (amps)

nn.n<CR> - Solenoid upper current limit (amps)
nn.n<CR> - Solenoid lower current limit (amps)

nnn<CR> - Tube voltage upper limit (volts at idle current)
nnn<CR> - Tube voltage lower limit (volts at idle current)
n.n<CR> - Filament voltage upper limit (volts)

n.n<CR> - Filament voltage lower limit (volts)

nnn<CR> - Anode voltage upper limit (volts before start)
nnn<CR> - Anode voltage lower limit (volts before start)
nnnnn.n<CR> - Cumulative elapsed time (hours)

hh<CR> - Head configuration (hex)

Name
Usage

Description

Return value

2?INLK - report interlock status

?INLK<CR>

This command causes the current status of the interlock chain to be
reported. The interlock status is reported as two hexadecimal characters.
The two hex characters represent a 8-bit status field with each bit
corresponding to a particular interlock. A O in the bit field represents a
closed (good) interlock condition. A 1 in the bit field represents an open
interlock condition.

Bit Interlock Description

Moisture Detector

Head Cover Interlock

Remote RCC Interlock

Excess FET Power Dissipation Detector
Water Temperature Detector

Water Flow Rate Detector

Tube Bypass Ignition Detector
Overcurrent Fault

O-NWkUION

hh<CR>
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Name
Usage

Description

Return value

?ISOL - measure and report solenoid field current

?ISOL<CR>

Commands the power supply to measure and report the solenoid field
current in Amperes.

nn.n<CR>

Name
Usage
Description

Return value

?MODE - report power supply control mode
?MODE<CR>
Reports the current power supply control mode.

CUR<CR> - Power supply is in current control mode.
PWR<CR> - Power supply is in power control mode.

Name
Usage

Description

Return value

?PWR - measure and report laser output power

?PWR<CR>

Commands the power supply to measure and report the laser output power
in Watts.

nn.n<CR> - If the rated power is >= 10.0 watts.
n.nn<CR> - If the rated power is < 10.0 watts.
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Table B-4-1I RS-232 Error Codes

ERR 01 - PRIMARY VOLTAGE LOW
ERR 02
ERR 03
ERR 04
ERR 05
ERR 06
ERR 07
ERR 08
ERR 09

ERR

10
11
12
13
14
15
16
17
18
19

ERR 20
ERR 21
ERR 22
ERR 23
ERR 24
ERR 25
ERR 26
ERR 27
ERR 28
ERR 29
ERR 30 - CURRENT CONTROL MODE ACTIVE. COMMAND IGNORED
ERR 31 - REFILL NOT REQUIRED

ERR 32 - TUBE REFILLED WITHIN LAST 5 MINUTES

ERR 33 - TUBE CURRENT LIMIT REACHED IN POWER MODE

- PRIMARY VOLTAGE HIGH

- SOLENOID CURRENT LOW

- SOLENOID CURRENT HIGH

- RESERVED

- TIMEOUT ON TUBE START

- POWER SUPPLY FAULT

- RESERVED

- RESERVED

- HEAD COVER INTERLOCK

- REMOTE RCC

- EXCESS POWER

- WATER TEMPERATURE

- WATER FLOW FAULT

- BYPASS IGNITION

- OVERCURRENT FAULT

- COMMUNICATIONS ERROR

- TUBE VOLTAGE TOO HIGH

- TUBE VOLTAGE TOO LOW

- ABSOLUTE TUBE VOLTAGE LIMIT EXCEEDED
- RESERVED

- CHECK INPUT VOLTAGE LEVELS

- CHECK WATER CONNECTIONS

- RESERVED

- TUBE CURRENT DROPOUT

- INVALID HEAD DATA

- INVALID COMMAND (RS-232)

- INVALID CHARACTER IN NUMERIC FIELD
- POWER CONTROL MODE ACTIVE. COMMAND IGNORED

B-4-8
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SCHEMATIC DIAGRAMS



ON
oma

1000029¢

_ ]

10000¢9¢  Twi

B Y04 OAOUIV

_\OOOON@MSE 0803 O3ADUddV

TAddv 04N

AddNS ¥3IMOd VIS8 1300N iy 0uOND

WYHOVIG NOILOINNODMILNI P

5-500)

060211825 T3 ‘DONVRID 'OVDY NVIORIDI S 10L atva Nvig

“ONI 'SOINO! 43SV ON LOVMINOD| 031D34S ZSMMIHIG SSTINN

NANLIN NOLLYNODA TYARMILXT
TS NOLY KON TYNeald

NLLIY HILYIH NOWLI

=

B] x| |+ 0] o] o

2l frfolsfel-e]

ekl

[
9

Pl

O

(=)
|

e e i el

T~
&

Lt B

[of<[elj=]=]R

Bl felelek]

£

I

SR

‘“’

{°F]

o

I

i

EESCEREEERRRRREE!

|

A
-

bk

EF]
|

I

{lebolelele]r el

1

0 A R

9y o o

2]

ol
o

I

E

AANAAN

€OBUCWWIoXIVZLEW -ONOa>Rucoasu e —Ew_

el

HEENEEAED

[

o
&
B

Slw e ovooa < o

ot

o]l
BEEEE

Nmeoone [0

2

EE

__m\\.w\: NMVYHO3Y # (ISAN| Y
ASYITRY WVILINIE -

UMDHADY | 31vD

|urfanoz

SNOISAR

it
sl

1

!

FREAREN

3]-[c[=|+]n|a

R G
Aol
] ||+ |nlo

ALN3ONJ 3HL 51 DNMYSO SIHL

AYVIINdoYd

l

ol gole]ale

8




| 4 ¢ ¥

L 0 1133s]  £0000Z9% :3ws avov| V/ N :3wvos
_ _ \ IS ¥OJ Q3A0NddY NOLLYOINddv
m O O O O N @ m Q wMsini3| NO 03Sn | ASSY LXAN .
11 ¥04 Q3A0UddY
ON ONWvYAQ 3218
“AddV 94N
LY
av3H d3Sv1 LOYL T300N IAddv D¥ON3|  ONWMYHG 31vOS 1ON 0O
Y/N FXXX'
WVHOVIQ NOILOINNOONILNI wozo| s VA TE
SVANT o SIINVHIT0.
060Z—L18ZC 14 'OONVIND  ‘OVON NYWMHIN S (DL uva NAVHD|  oniHsING HaLY .\_:wn? anv
. : 53HD MY SNOISNINID
ONI 'SOINOI ¥35V1 ON_LOVHINOD GAIDI ML SSTINN

£000029¢ onY)

v [

[\
1R ﬁ
r il
I
[X]
]
g =
¥
c 7
N i
5} I 1 £
2 8L 3@|nL MNYL [5]
T 3AVA | 3AWA K1
3 E3 X
5 € LA
11 5 8|9 A
v i m mm o~ 3
w zal el|e M 7]
z|1z — n
quvol 1D L 1]
402 any H
= 1 S|
3 1.4
o 0 1.9
N
_ NMHOTJANG 51
_ ]
100¥NL 1
worny w0 | L~ [ 1.1
E4Y) [e] T
e | v
[ Liis] _ ]
1.5 1 3]
AT 10|
| £ 1 9|
1<} g
_ _ (7] v
caL ™M
S|¥|c|Z|L
sivlelzh F
7T =
MOOTHALNI 130 SSVdAB NOSSINNI
¥3IA0D
qauvos bEN A
300I00LOHd "ONI 'SOINOI ¥3SYY 40 NOISSINN3d
3 |ie/ce/u NMYYHQ3Y ® Q3SIATY| V NALIMM SHL L0OHIW, CALNERLSIO
— TIWHS ONY "ONI 'SOINOI M3ISV 40
uw<M1_mm J<_H_Z_ ALlYH3dOUd IHL 5! ONMVHT SIHL
QaAOHddY | 31O NOLLdIIDS3T [TRIER:2 YT IRTSASTI
SNOISIATY AYV1314d0dd
| Z ¢ ¥



ON
Ehed

¥000026¢

it _ z ¢ _ 9 L 8
T o1 o3s]  $0D00C6E Fw ovov] W/ N :awos) S 04 GNCUY NOILYDITddY
.VOOOON@APJ a wsu| WO GEN | ASSY DGH
ON oMY s 11 ¥0) OINONIAY 158 _[¥0000ZZ0)
Wod¥ DN uen
AMd ¥ITIOULNOD ILOWIY Wadv SUOND|___ ommvan T1vOs ION 00
NVYOVIQ DILVAN3HOS J— . o
LT L b S 3, ey
060Z-11GCK 4 'DONVRD ‘OVDU NYRWHDI S (0L avg NAYHO| s 3LIY AV ONY
ONI 'SDINOI ¥38¥1 N 1ovHLNo| T iy S m.
o

772 o
AZI-0— S0 E AV
ot on | oo o
== = -3
AV [E)es 23] wdl
‘SAVHVAONOIN NI 34V SANTVA ¥OLIOVIVD
f .
SWHO NI 3dV S3INTVA HOLSISIY 'ILVLIS 3ISMY3HLO SSIINN L
‘S31ON
oYL
_
T ow
] _._—mq Love
won ossin L J_W:/ -
AT+ >
AS+
W
ove
e T] B ovd nows
Tove z | @ @vd ow
[ x“ HILMS LHOMOOVE M
(1 M) HumS LHOMOVE & Zove S | # 300MS A
9 | 5 3moms A
¢ | v 3005 A3
wd D[ @ | © 200M5 A
Twd T ;1. 6 | z 3mous D
& ot | 1 3aoHis A3
wl e mNs am
113 € B/AIS AN
o1 z 3N A;m
o vl VA A
amn 108 [BE— zr
(s TNvd LNOMS OL
R 1 B | 2w mrn s e g
oa| o1 —£0d T bl Loy [} 3 —\p,\.l,\ vioot]
sof o1 |—ed IO 09T Mg [ 613 eid] wd]
vt £ [ sl SLigy
cof vl X 7| WLo"SnE vouN
2ol et Sthoau  sacwesig S-AGH
i e *l auaw-sne sl T nonmos o5 TEz-sk
ool it X L2 wem1nod oufd z | aoe+
a3 [ 01 e[ 0ve Oy inozy Nizykg £ | wum o0
axmn son| & - z<|L0 INISADIG now v | soasi-
(viva/oNvienco) 0/ 1 @ an L NIYET — 6 | 1nod IuviR
(Tevia s} 2| £ MG Nizy Anozt|— 9 | ung CaLVIOS! ZEL-5Y
(avaw viva) o | @ o bogee 13 T ¢ | viva o
¢ ﬁ:.“- viva) M| o NIL IROLLET 8 | vivo imswu
2ONED-) H3w0d G| ¥ 3 i
S0AS+ | € » o3 1awvd WY 0L
owows | 2 d et y
oworo v | L - noesoil 9
TNYe AVIED T w ozy FET00D VX or
]
AG+ | € an x| e + MU MINO IAUYTRI
W0 ar ] - YN AWOd AULYTM
h Je5 6 . 1 UM
G ZHN 650°11
- VT LN
(v 104 iovein> " s o T i o v
(€ Mad) 10d LSVELNOD "n Zy 4 ¥ILIN MIWOd ALY
e
Al
AZL-
BKH
ASH
oL
o+ “3 SINCI MESY 0 NOBSINNIJ
U Tt Lon
16/¥1/L ISYIT3H WILINI = 2 TV o e SN MV 10
o NOILJRS30 [RELT ARDON L S INWVED SHL
SO AUVIIN d
! z 3 _ 9 2 8




oN
o

S000026¢

! | z € 9 L 8
T % L i5%] _GODOOZBET =M vav ;
[ W/ N Fwas] [ NOILYOITddV
moooowmm a ugiNg | WO 03N ] ASSY DN
oN onavEa us N %03 QAO¥SdY 0000220
Wdd¥ DIN uvn
ATEWISSY ¥0SSI00Ud Wekd¥ DHONI|__ OMAYHD TIVD5 1ON 00
o
AVHOVIQ JILYN3HOS .3 SAVHYIOHOIN NI Y SHOLIDOVIYD
SINVETIOL JAN TIv 'SKHO NI 34V SHOLSISIY TV L
0B0Z-41BZE “1J 'DONYIND ‘OVOY NvRXMNI S 10f DNHSINLY MALN ASdY NV ISIION
“ONI "SJINOI ¥3SV1 N e

i

823 810 BI5| <13] 913 SI3] #10] €3] 23] 1d] o13] 63

[ | T
ve3| 23| @3] Wi+
ASI+
v s
14] ouu\#r
h \«,b» /N
gL~ FaN 15| LIS LN INTRND
] vt of | TIATT INFUMNO/aMd 38NL
o0 MGy —18z| o/N
[OND 22 -
o] pre 0 ezl o/n
am o ual &z ¢ N 3uves
T G —I'1 AEES
- 7 G NI 3V,
003 wror calt_ ¥z| S N Juvas
NOMMOO 30| €0 o mL3 T 5 2] 10 Mou Qv
DOAGL4 T8 + ol I TZ| 0009 WOMIYA
NOMNOD 20 | 19 [—4 &l 53, T ]
o/Nioe— Cl A 0 oz| w)vi V_IN
NONROO OG | 86 |4 v
NOMNG) 20 | O 4
NOMMOD 24| 46 |—4
N35d | %6 (—
o | %= [Hﬂ
Y Bed lIEJ
Jwv|es ILwlzl/ —{s} o/
Nonnoo 20 2 [ 8| cino Rvas
NOWNod 24| 1§ 3 NO_NOLY
siv | o - ot | po'moy dyad
ov | 6 | Sl %8 nOMN Oyl
ov|evi W r| Rrenack
| o HSY— o | ¥ /¥ IN3HHD 08
o » T2y p— z1{ 135 Q/¥ INRRINO 105
—3 = Q————{ +1 | NOWNOD TYNO'S Z§Z-SH
5 newmnE —{oi| 5/N
ov | oy 051 S-AG+O——————1 8 | MO ZEZ-5Y AG+
NOPINOD 00 | Z¥ 4 . S5—-M02 9 | vivo 3n3om
NOPMOD D0 | 3% — Nl a 3 £ | vLvQ LinsNvaL
2 o ow — 9] o/n
n-“ “m — AT+ % 3 AN —gLnozy Ny —s uc>~:_o+
[ ¥ | NONMOD 00
o] [ - s . oown gitnowy Nnukr o 4 Rediact e
+q| e Ilmhlx_ g NzL Lozt T | ooas+
mm M ¥0S1 i) m L] oS+
D - TINLL LNOUET [
ite] Y —— v oLy T v B T
oa | ev |—W— 6y z! d -l 0L AS*
- v CRIEYS AR A o
v uu_u“_.x _ +2oy
" =
. e, ¥O =)
S Yo
zu 1< o HH
[ ol_emaf
At g Sy € zezol
™ n
S~AS+
al DML EDINGE RISY) JO NOMSSINEId
e 0 T TR 36 1o
- TIVHE ONY DN 'SOINOL MESVY IO
16/04/t ISYITIY WL T o St o o o o e H TS O SRl 2
(EADHAdY E NOULJTIS30 HLT) 302 ASH
SNOBWI XEVIIgdosd
l g 9 L 8




on
o

90000¢6¢

| | z ¢ | ¥ 9 L 8
| o+ izws]  90000T6E = awvov] ¥/ N 3vos]
@ O O O O N @ m” a H.” ”“ MHE NOILYOfiddY
ON_ONIY N0 us
“Ndd¥ D4N v
ASSY J0VAYILNI J0SS300¥d Wodv OUONG|  WYMO T3S 10N 00
XN
WYHOVIG DILVIWIHOS @0 ¥ ® X0 )
=) VIOHL bl O L ]+
0607~ LIBET "4 ‘DONYRIO 'ONDN NYWHN 'S 10L uve NAYHO!  owpsid LAY AT6dY ONY
- * SIHONE NI 38V SNOISNGMO
ONI "SDINOI ¥35V1 ON_LOVHINOD| 0310345 BMYIHIO SSTIND
st 031 »087 2051 vos1 #0871 4081 ™
orf o] o] o] ey o] o] ot z e amvas
= p——l p—— = = - = == MV
s+ vzafr ezd|v zzd[+ wd+ 03[+ B[+ B+ (h24
l‘n 1€ | (/N WD Z) 2w MO A3LYM
v
— WA oc| (Wvoz) N 38
Wr
- L83 AArA—— 62| (o CauvH @ AST) H3ROS 3BNL
= W
ol
3 _IL-m.\<<,|. oz | [\/ASZL) 3DVLI0A 30ONY
L Wy
‘ o Y 2] (VAZE) 39V1I0A JOOHLYD
€ \
1 ) 9%
s 92| (A/A1) 2VLI0A ININVIIS
" o s ‘ul_ L = Wy
% K
s 90003 7 9201+ 1 008 K o ] 52| (A1) NOLLYSSK HAd 134
e N - AV—ons+ 10 3 i wy
h os-seem| % ¥ ™ Yoot < Rulﬂ K €1
, v g o wEsyy
¥ +051 O ﬂ £t | 0AO dWNd WOMDYA
£00ZNIN
N
A9
i 3 22| grg gowiws orove
vz 0RO JUINDI JB0L
§)
e o | e,
s 1 % i | die L
il »«,w 4| 135 3008 LNZHHND
J0AGL+ | 29
Nowwoo 20| s 4 4 Ed
A e n
NOPINOD G | 85 —4 £rsT
NOMNDO G | 95 [— n
NOven0d 00 | ¢ —4
N | %6
|
| T SOy
N u.uﬁ Mm. - [] u»u H Si
o~ 20| % Lsar eoilet St | 03030 ANDRIND 3IBNL
oM s 0 1| GIAYNI FDIWSAIN NMOGAMOd
Siv |06 FIPAr VOrg
wle Gl
v | o 9 0
Wiy o AL V0l T
v | — .
v| s “l_ _.l..\—.\—\—.\—\g_l..\
| ' 3] 51 w2 3] 23] wf+
A 1 prere s sa[ s3] ] ] [ o+
HEi S _ g
w|or
a8 g | Lanvd Buson
1103 HIA0 GY3H
“ MM " Ny, N
ra o o | (hwiiwed s
za| st L0V OLYVHIAAIL HILYR
ol ¢ | L0y Mo MAlvm
oa| e 41 L10V4 SSYdAR
L O | 1INV ANIMNNOMING
[ ~ s | ooaze+
$—1 ¥ | NOWNOD 20
v L] ¢ | NommOD 20
= — | o+
01> + | dane+
v
i v o, Sunaisa
HO 0300 ‘AION00NIIY 38 LON
16/L/t 3SYT1E VILINI - VIS NV’ Dae "SONGH KEYT O
e NOULIOSI0 [SIELTS Z.O.MM 20 s “!M! s
SNOSWR
| 4 € v + g 9 L 8



ON

o

£000026%

|

L %01 o] /ODOOCEE amd

£000026%

ATENISSY HITI0YLNOD ¥3SVT

WVYYOVIQ DILYW3HOS

060Z- LIS 4 ‘DONYRIO ‘(NDY NVRORID: S 0L
"ONI "SJINOI ¥3SV1

LINT IN3NNND 36NL

i

‘HOLSISIY NOSIOINC SILYOIONI (o) YSWAUSY 2

SAYNYIOUIN NI MY SHOLOYAYD TIV ‘SNHO NI 3MV SHOISISIN TV I

‘S3ION

N

NGILYOIlddY
gy | WO 0350 | ASSY IXIN
5d 169 LO000EED
TUYN
SMAYMO TIVOS 10N 0O
T
¥ F A0
winew  SYNOD
SINVETIOL
DNHEN NN AdY OW
SIHOM N} 3t SNOGNIMG
0IDIJS FMEIHD SSTINN
QGL— 1-m0d

3338358383333

TTTTTTT

i
3%

SRRARAH

-4

3A0 i34 013 05
3SN3S ¥ND 0734 05
¥3dM JOd 0131d 05

J0ASH+ 07313 105

NONNDD 0131 S

Aa 134

GNYN30 LAdino

NYMU3Y NOUYINOON
TYNOIS NOLLYINGON

10313 300n
‘$'3 AL HALIN DOTWNY

'S4 AGT YMOd ¥3SV1

NAMI3Y H0LD3ALI00I0HL

TYNOS MOLDALI00LOHD

NO 381

43345335 TLILITIIS

I

YZEN

.v.._
¥I8NL
S.A 3

CENL]
MOTS HALYM

AAA

¢ ¢ VWV
ZET MM

s
1 4
€
[4
of+ 1]
[
idl

170v4 L
1NV4 SSYdAg

130 170v3 SSYdAB

S3y ¥4 ¥MO AN
A/YDZ HM 38N
14 MOJ HILYM
A/WIOZ MO HILYM
SNY4L MOTJ B3LVA

DA 510 T d i oA G romien
€ H0 Q340D '0IDN00BIY 38 LON
16-€1-20/ TIHS ONV “DNI 'SDINDt ¥ISYY 0
ALM340¥d IHL 51 DNWMVYEO SHL
vo
AWVITEd
\ ¢ _ L g




|

4 ¢ _ ¥ + g _ 9 L 8

| 20+ 3xs| _ BO00OT6E 3w avov| V/ N :xwwos] S w01 0 NOWLYDINddY
wOOOONmm D sing|  NO 03BN | ASSY XN
ON ONMYH0 P N %04 Q3AOAAY d IS8_| 80000ZZD
Wdd¥Y 54 un
ATBNISSY I# TOHINOD AV Wddv SHONI|___ONMvEG TTvos 1oW 00
WY¥OVIQ DILYW3HOS o3 . T
v - EIm I acn ‘ap '
080Z~HIOZC " ‘DONYRID ‘OVDY NVRORIM 'S (0L auvo NAYHD]  ownsons MELIV AddY OV ‘81 ANV 'ZN 'TID 9Ly ‘8D 'Z¥HD (03SN "SI0 "3 ISV ¥
NI "STINOY N3SVT o 1ovuinon| CarpRe MBS ‘qISN 10N SX ONY ‘010 'I12¥ ‘01 'S0 €
QZ4—30L 3dAL SAVIIY 1V 2
SAVHVAONDIN Nt SHOLIOVAYD TIV 'SWHO NI SHOLSIS3¥ TV )
‘S3LON
FLBNL
8! Sz yZEN, L2
] YIBNI” 'BIH0 1244014 62y n T rEm 923 .H“o
I N HIBNL 80 ws St [ oG-
S < Yog1 v
S szud 8y
o 127
w A A
o a0 e
zzzeNt
J0AG4- [ H!
HOMNOD 0 | €9 —4
20AGL+ | 29
NOMNO) 00 | 19—
8 NN HAYH NOVLT | 09
VOSNIE ﬂ “ﬂ“ ".n.. 10V HOOTAN ALKV
OUINGD NALVIH NOWLS | L9
1= NOWLI | 96
/N |58 i—
NS —
L. 3]
L icaidd E4d
fdd 15
LMD o5
RNl (o4
HOLWS LN/ 40 | BY
—> s | e
o FI6NLY 'oMD
NGO L N —
e u’“ va _|>|_
ado t !ﬂn m« - P
o/n {ov — FLBNS I\.—E
w0 TN
x| [ Yo!
TEYEAS VUND TS | (5
o/ |9 -
LUIOND TOMINDD UTR4 | GE
Wit 10w TR | H€ |—— HOLD3130 MOV MELYM
W, 10¢ 0TS | EF po—ey HOLOU I PUVIGANLL ALV
WN e b vl e
WN | I - by TR L
/N
O n j 0K LI0us 3
0w |82 HILMS W00 OVIH
20T+ | B2 NOWUDILI0 SSVAE SVO
WN | L2 - NOWO3Ia
A/N | 9C — 1MV3 INGETOUIND 38nL
N .w.l L] SSvdla SvO
1MNV4 MIRD0 QVIH
103 YO E530X3
o/N
N
NOWNGD D0
NOMROY D0
J0ATI+
D0AZL+
g
16/5/6] LNoWo01 Tidad s.a31 03aV [V ..,.EM MM W&Wﬂ%&ﬁﬁﬂﬁsﬂ&i&
16/92/8 3SV3IT38 WILINI| — L e —— b0 T0o TDAG X 10N
ONCuddv | UvD NOU A0S I FRIERT ALM3ONd 3L §I ONMYHO SIHL
SNOISAR TYv1IHdoNd
L [ _ € v + S 9 L 8




' _ 4 € v S 9 L 8
i 0 1owms] ~ BO000LHY aws B
o V7N s R NOILVOITddY
@OOOON@M q ssiNy] MO GISH | ASSY IXIN
on o s 1204 CADNGdY 54 158 HOLSIS3H NOISZHA SILVOIONI (s) ¥SWAUSY €
Add¥ 04N uvn SOvAVIOUIN NI SNOLRYAYD TV
ASSY QY08 LINDYID AYVIIXNY Wodv SHONI| _ OwAYD 77708 ION 00 SNHO NI SHOLSIS3Y TV 2
RYHOVIQ DILVW3HOS P N f 3ND3 ANS LVIH [/
A ST e :
OS0Z—LIGLT U4 ‘DONVRID 'OVOM NYFORM S 100 Ave] P77 T NAYHG] pupsag paL ATdY OW ‘SALON
ONI 'SOINDI ¥35¥1 on 1ovuinon| iBRs SMED ST
[
5 «51_\ kg :Jd
L+ O0—e 1NO _ 0¥+
153 on
N
] A \%
W SOAGL- [FT}——0%1~
I e | E——
© JOAGL+ | 19
J0AFZ+ | 09 ¥+
J0AYZ+ “ U|°N
J0ATL+ ull° L+
J0AZL+ | LS
/N 56—
/N |66 |~
vy
- e o/N
~{1e | 9/N
—oe|a/N
~{ 62| o/N
—%z| o/N
~ k| /N
9z | HvAvE
sz | (sssvo) aquams
n 3 w«\znt QILYIOS! IOAG+
JNIS JOVLIOA NIV | V5 —G+) QLYI0S!
—P HNIS 39VLI0A NIV £ —zz| I
/N |25~ i IN
(1-5+) uewmn oy P 518 am
NOWNOD (T314 QIONTTOS | 8% YIGNLP T
(-£1+) JOAGLE | @Y R
t-S1-) QOARL~ | LY vl
w“u M" - o} )
/N |- coee
7Er "
/N fw |- Q
/N jor— —BL{ /N
o/ & —
o/ |- — | N
o/N |- — 9L} /N
N |xF -5 u«r NN AKX INZMVT
na!&wa!g% " St| vl LYVIS HASX LNIAVHS
IOVIOA JOHLYD 03034408 | €8 EEdEA
LA/ —{ ] a/N
— ot | o/N
€ | 702 HDIJVINOD NN
— 98 lo/n
AR
— 9| 9/N
] vy
e -1 5N
TVLI0A JOOHLYD sis KA L
FVLI0A I0ONY L) z-1n
wz/L 0 [
ot ﬁl\ _l.\
NOWNOD D0 wS 5] e
[ 0oL
¥ [T ea]+
s
in
TN 'SIND! MISVY SO NOSSRRGA
PALLINM 3L 1MOHIM TLNBRSIR
16/52/5] FYIEN VLN - TS o DN SR WY1 0
T0uaav | iV NOULJSI0 w30z | ALNRAONS UL S| NMYHO SHL
SHOBAR AYVL d
1 z 3 _ A S 9 2 B




oN|

oo

01000268

| | z € ¥ v g 9 L
I o1 13s]  OIDDOCEE  aw avor] ¥/ N Twis] [ NOILYOddY
O_‘OOONQM D mgins| NG Q33N ASSY 1XIN
ON ONMYNa s UL v
Wdd¥ D.
ATENISSY QYVOSIHLON N
WYHOVIQ DILYWIHDS mosol xr mm.m__
060Z-11STE 14 "DONVRD “OVDY NvROmIX S 10 :.ﬂ..qn w<x§<‘ﬂ o.._.mlw Al
NI 'SOINO! ¥3SV1 on 1oviinon| Coamie BAEHD ST
xnv AV 01 O4INI ned vds
| I— S | s T —
oo |201=] oo 2=/ v [20E=] o ey B e .ﬂlﬁﬁﬁ\
4 |..8.I\ to| "2 /) B TN el m /] om0 /] w100/
s [ 20NE /] is [T i 19 [0 /] 19 [0t/ 19 |20+
o9 (231 o9 | 1R~ os [0 03 |- M2 oo [ 12 09 |- "
b §.m+\ fe w3 | = [omsi /) 5 o [ivoary/] -
o [0z TR a5 | 206+ w [ o/ v o2 /] -
m IBEI\I SOAELE m .\MHE\_E A m lpsnl\l E:«H m oo ] m [T /] % [ng0 ]
- o - o |- U3 pry o | NEd /] oo | Nisd /] co | Nd /]
vozz | oozz | cozz | vozz | oozz| oozz| coez & [GnE wE__/ i Voo o —y b -y o —
== == = == = = == [A S oud (14 [43
12|+ 9O SO+ ¥+ €O IO+ 1D+ — — © = 4
T oy (=St or o [—YaYaIS/ o [y or |2/ P Ay
o [ ] o a [ xvi0s/] o4 Ay o -y 4 a—y
o [ /) o v [52va05/] i Ty o] o/
ov 21788 oy [N oy | NYSKM g T a— o - w4
. o [t o g — s/ [ B
nE " [ Lo wi b 2 Wiy —/ W
..H |||E|\..>.S o H £y 0 A £ |P<|.|n A 11d A
aC 1 aE ey oy o
dﬂ\l\d of |- o or — or ] oy |03/ or |02/
& [oms o [~ & e o |- L wrt — F -y el /)
% ows by wc____/ o [ iowasy by ey by - —y p - —y
T as00n “r Fm o [ 9w0d o — e -y %[ o mr—y
- -/ Y X Cavos el vo— x x
o m mM o mm = mm - o oy po W R
s (— s~ e oo | awe_/ ox [AdTIoS /) o3 N S B b3 —— ] A
LR % Fos iE SET = Sl % F ] SE"
B Iu‘_.nm_l\+ x s = C____/ x TEGTY ® T % [/ R
— b &2 I
% i) S A e 2 2 i) g =E
L or | UNISTUL/ 82 VAt /| - %2 v [ /] | 2=
: [0/ s -l w2 - 52 11 /] o2 |—NvAW_/ peg M Ty b4
: IE\.IE i ] i wr- A ey b4 H@H\\ ¥ [savios/] jm
s e 2 ) - % NNIE\LB_.B\ 7z [skequ /] 2 oo zl
e _wnlupr\‘ iz |- 1z (AL~ 4 2 {—sesdov /] iz [ 0l iz -
| | sne 5 [oamen ] o o % i o e e % ook | ot 1~
iG] o % ot [ nous1 ot 3001 /] o) [Caiian ] 8 [ozan /] i aC
- n 21— 11 —dodra/ o [nvimd 4 [wnw ) | n" -
M”II\BU: A m|8b|\_ et M._Izi ) M"IE\ MHIEBE\ . J3500M/] ] W] o
|—L3gdnaL [ [ nNowd 3050w ZNoEIy /] - IEONIS [ OGOy - g
i - o e 4 i £} [Clowdsy/] o [isoeny /] a ) My nc
-y 2 T iusav g i & Ciapa /) ) % o003/ ar
.w_.LuBF\. of [—zstasiy/] alC o,u%w“ o [siBas] o 410t /] o [Cams W
s [Pwsir/] : [hoo S s v & i § i) = Hs
= =/ ‘E | | § s { ‘e
? onsel/ ? Tasws /] 2 % [—Husien 9 s o) L it s y
MLEEF\Q?: MIBEI\ Al M|\ y Faois H YA YY $ ] § e
HE H oo/ e :|.|§|+\ : 2 z e e $ [0/
ir FAT DOAS q 3 DOAZIH ,|ﬂ—|ﬁ| JOAG+ ﬁN—lﬂ JOAS+ f—ﬂl 20+ rw-ﬂ UgnH
QDN alva NOLLJINOSI0 UL 3NO;
SNOISA
1 [4 ¢ ¥ + 3 9 L



4 ¢ ¥

L
L : :
40 1 133ws]  |[000ZBE 314 avov] INON :31vas 1o 04 QIAONY NOILYOddY
F ﬁ O O O N @ m 9 won N OISN | ASSY LGN
1 404 93AOHddY Sd 168 [L1000ZZ0
ON INWYQ 218
NddY 94K
VA
v AV HOVIQ DILVWIHOS Addv DuoN3|  oNwvaa 31vos LON 0G
FXRX
A18N3ISSY NOY av3H ool | F T
16-21—80] SYNOHL 3
0B0Z—LLBZE 13 ‘OONYIHO 'GvOY NYRMNIM 'S 1BL va NMvya uz_:w_z_wumwﬂuwmwi ONY
‘ONI 'SOINGI ¥35¥1 ON LoveingD| GBS JoMEI0 SSIINN

1L000Z6S  ony)

v [

‘SAVYYAOUDIN NI
JYY SHOLIDVAYD TIV 'SWHO NI 3¥V S¥HOLSISIY TV L

‘SJLON

N¥NL3Y 20

» —0
9

TRl eeeny
il 1y mz/i

Al £ A o
ozz §

I
A}

]
1]
o™
i
T

J0ASLY

L 3 9] 38£010+¥03
L 7 0] 68162

o ino viva

n

o NivIva

N9YOSE o oD

€n ]

o~ M|«

13S dIHD

w| N o o

L)

TRARIF

ALY

"ONI "SOINDI H3SY1 40 NOISSINN3d

16/L2/11

140 HLIM ¥N G30vd3d

N3LLRW 3HL LNOHLM 0ALNBIMLSID
MO 03Id0Y '030ONA0¥dIY 38 L1ON

16/G1/8

3SVINZY VLN

TWHS ANV "ONI "SDINOI ¥3SY1 40
ALY3dONd IHL 51 ONWMVHO STHL

Q3A0UddY ava

NOU diiOS30

L1

AdV1i3ydodd

N0z

SNOISIATY




| o1ows| 1000268 23_ v/N Tws X 503 QHOUIGY LS NOILYDIddV
@ 7\ O D O N ® m D SINDI ¥3SVT "U3A0UdDY r_o muw: bumc ._.‘uz
ON SNMvYHU zis XIOOLV_. QOOQNNO
WddV 94N RN xlﬁoﬁl
ATGNISSY oy nongCNWAYEO SIL TIVOS LON 00
T XXX
401031300L0Hd 3MNdWY [ orcl gy b 1-318VL HLM
060Z-418Z¢ 14 ‘DONVIHO 'OYON NYWMMIM 'S 10Z N m_:@m SYNO NAVE0 oz_ﬁ_z_umumﬁzuauﬁw% aNy .uoz<omooo< NI d310313S 39 TIVHS ‘(*) .
"ONI 'SOINOI ¥3SV oK LoVALNGD “a%_uxmurh_wﬂzwhﬂw%ﬁw: MSIM3LSY NV A8 (34ILN3AI SININOJWOD ¢
'SAVYY A04OIN
Ni 38V SHOLIDVAVYD 1V ‘SWHO NI 3dv
SYOLSISIY TV ‘Q3I1D3dS ISMYIHLO SSTINN L
‘S31ON
¥YIMOd HOIH — LNO ¢r
/Y ¥IMOd MOT — NI 2r
,\/\./\,’
ALY oy *
cr
- o O
GZINId oSt
L L\ VESLNG S | LNO ¥YNIIS
33N 0
. lﬁ ¢ ¥ | 43MOd MO/ HOH
n
[=l0] £ | OOAGL—-
av$ZEWT o 90A L\ VBSLN|
avveenn ¥ 19 ™ Z {NYNL3Y 0Q
é LYYV L 1 | oansu+
oSt e
AN MLy | DESLZ—AN ¢00—
ERISIRYTA ALY GZl-Nid 100—
NOILYOddY 9 40 |'ON HSVQd
NOLLYYNOIANOD — | 374avL "ONI 'SOINO! ¥3SV1 4O NOISSINYId
- NILLRM 3FHL LNOHLM Q3iNaMLSsIa
16/11/6 J18vl davy /¥ OHO |V A%IMM%%% ..uovwo.wwﬂ%_umuwm#mm
_m\:\w JSV3IN3FY WILINI — ALYIMO¥d JHL SI ONIMVIE SIHL
Q3A0¥ddY 3lva NOILdINOS33
SO BL]1anoz AgVI3ddodd




l Z ¢ 14
[T GZDOGLBE  :3ud avov| INON :3v0s
_ _ 3STY NOJ IAONdAY NOILYONddY
m N @ Q @ F @ m U HSiNA|  NO O3S0 | ASSY LXIN
N 404 Q3AOY¥ddY Sd 168 |GZ00G1Z0
ON ONWYNQ 215
JAddY 94N
YN
v AVHOVIAQ DILVINIHOS MddV DHON3]  ONMYNG 3OS 10N 00
FXXX
H31LIN 1INV IVLIDIA T P i il
06720701 SYNOHL | ™M wazio) o0 'SOVAYAOHOIN NI 38V SHOLIOVAVO TV 'SNHD
050Z—L18ZE 13 ‘OONYTMO ‘OYON NYWW¥IN 'S 10L 3tva NAYYO!  oNIHSINIG ¥3LAY ATddy ONY NI 34V SNOLSISIY TV 'GINHI03dS ISWYIHIO SSTINN L
. ¢ S3HINI Nt 3dv SNOSNINGD -
ONI 'SOINOI ¥35V1 ON_LOVHINDD| :031403dS ISWMNIHLO SSITNN ‘SALON
o 1 N 10
o
o5 8 %]
= _ £ el all £4
© ) 29 Se_, coffl—£8 N
e IZALEL) oy 92 | [ €0 N
wn Ny Le 4nea £l ¥ 23
b Nownod [ i\ 821795 s 2d
w wale v 110 Nm NIA- za wr v
z8
NIA+ z
7 MEC ] o ? oy 2E— 2
30A G+ L L Vil oi|, c _|=_|| e[ 4380- T —
1d ST e8] 1t 0oL T 4390+ w13
| | 80| 8 T §ZT-96EN] anrolizo Wom- 12
“ T - gE|43un+ WS i
[«7] 1831 8l
» 1o ™ e —
__ L v e o
9 oo iho ob ;
n ™
DLOLLISL
[A:) HO01 in
o)
100N
h 4
[4%0)
—_ LOO¥NL
(1)
a
*ONI ‘SDIND! ¥3SY1 JO NOISSINY3d
16/L1/8 (Y8 Q3aav| v NALLRM JHL LNOHLIM MNE:M__Em_n
¥0 Q310D "GIDNCONIY 38 LON
16/1/01 3SVI13Y WILINI| - TIVHS Ghv "INl SOOI NSV 40
Y3d0Hd ONWMYYEQ SiHL
Q3A0YddY 31va NOULJI¥DS I HLT{3INOZ TN T 5 55T 1
SNOISIAZY AYY1314d0¥d




