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PREFACE

This manual contains Information you will need for day-to—day operation and malintenance of your Serles 2000
lon Laser Systems You will find Instructlons for Installation, operation, routine maintenance, and such
troubleshooting as can be done wlthout removing the covers of the Model 2560 power supply. The manual also
contains a sectlon that describes external control of nearly all operations via optional RS232 or |EEE488
digital data 11nks,

Thank you for buyling Spectra-Physics Instruments.
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INTRODUCTION

Figure 1.1: Electrons occupy distinct orbitals that are defined by the probability of finding an electron
at a given position, the shape of the orbital being determined by the radial and angular

dependence of the probability.

EMISSION AND ABSORPTION OF LIGHT®

Laser is an acronym derived from "light amplifica-
tion by stimulated emission of radiation.” Thermal
radiators, such as the sun, scatter light in all
directions, the individual photons having no defi-
nite relationship with one another, But because
the laser is an oscillating amplifier of light,
and because its output comprises photons that are
identical in phase, direction, and amplitude, it
Is unique among |ight sources., Its output beam is
singularly directional, intense, monochromatic,
and coherent,

Radiant emission and absorption take place within
the atomic or molecular structure of materials,
The contemporary model of atomic structure des~
cribes an electrically neutral system composed of
a nucleus with one or more electrons bound to it,
Each electron occuples a distinet orbital that
represents the probability of finding the electron
at a given position relative to the nucieus., Each
orbital has a characteristic shape that is defined

*n_jght® will be used to describe the portion of
the electromagnetic spectrum from far infrared to
ultraviolet,

1=1

by the radial and angular dependence of that pro=
bability, e.g., all "s®™ orbitals are spherically
symmetrical, and all ™" orbitals surround the x,
y, and z axes of the nucleus in a double-lobed
configuration (see Figure 1.1), The energy of an
electron is determined by the orbital that it
occupies, and the over=all energy of an atom = its
energy level = depends on the distribution of its
electrons throughout the available orbitals, Each
atom has an array of energy levels: the level
with the lowest possible energy Is called the
ground state, and higher energy levels are excited
states. I|f an atom is in its ground state, it
will stay there until it Is excited by external
forces,

Movement from one energy level fo another - a
+ransition = happens when the atom either absorbs
or emits energy, Upward fransitions can be caused
by collision with a free electron or an excited
atom, and transitions in both directions occur as
a result of interaction with a photon of light,
Consider a transition from a lower level whose
energy content Is Ey to a higher one with energy
Ep. It will only occur if the energy of the inci-
dent photon matches the energy difference between
levels, 1.0.,



hv=Ey—E, (8]
where h Is Planck's constant, and v Is the fre—
quency of the photon.

Likewise, when an atom excited to E; decays to Ey,
I+ loses energy equal ‘o Ey-Eq. Because its fen-
dency s toward the lower energy state, the atom
may decay spontaneously, emltting a photon with
energy hv and frequency
V=(E2'E1)/ho [2]
Spontaneous decay can also occur without emission
of a photon, the lost energy taking another form,
©.gs, transfer of kinetlc energy by collislon with
another atoms An atom exclted to E5 can also be
stimulated to decay to Ey by Interacting with a
photon of frequency v, shedding energy In the form
of a pair of photons that are ldentical to +the
Incldent one In phase, frequency, and direction.
By contfrast, spontaneous emission produces photons

that have no directional or phase relationship
with one another.

A laser 1Is deslgned to take advantage of absorp—
tlon, and both spontansous and stimuiated emissfion
phenomena, using them to create condlittons favor-
able to light amplification. The following para—
graphs describe these conditlons.

POPULATION INVERS 10N

The absorption coefficlent at a glven frequency Is
the difference between the rates of emlsslion and
absorption at that frequency. It can be shown
that the rate of excltation from Ey to E; 1s pro-
portional fo both the number of atoms In the lower
level (Ny) and the transition probabllity. Simi-
larly, the rate of stimulated emlsslion Is propor-
tlonal to the population of the upper level (Nj)
and the transition probabli{ity. Moreover, the
transition probabllity depends on the flux of the
Incldent wave and a characteristic of the +ransi-
tion called Its ®ecross sectlon®. |+ can also be
shown that the transition cross sectlon Is +the
same regardless of dlrection. Therefore, the
absorption coofficlent depends only on the diffe-
rence between the populations Involved, Ny and Ny,
and the flux of the Incldent wave.

When a material is at +hermal! equlllbrium, a
Boltzmann distribution of its atoms over the array

of avallable energy levels exists with nearly all
atoms In the ground statee Slince the rate of
absorption of all frequencles exceeds that of
emisslon, the absorption coefficient at any
frequency Is positive.

If enough llight of frequency v Is suppiled, the
populations can be shifted until Ny=Nye  Under
these condittons the rates of absorption and
stimulated emission are equal, and the absorption
coefficlient at frequency v Is zeroc. I1f the tran-
sitlon scheme is limited to two energy levels, 1+
Is Impossible +o drive the populations involved
beyond equaltty; that Is, Nz can never exceed Ny
because every upward transition 1s matched by one
in the opposite direction.

However, 1If +three or more energy levels are
employed, and {f thelr relationship satisifies
certaln requlrements described below, addl+ional
excitation can create a population inversion, in
vwhich N2>N1o

A model four-level laser transitlon scheme Is
depicted In Figure 1.2(a)s A photon of frequency
v, excltes - or "pumps™ - an atom from El ‘o E4.
If the E4 to E3 transition probabliitty Is greater
than that of E4 to E,, and If E4 Is unstable, the
atom willl decay almost Immediately o Ez. If
atoms that occupy Ez have a relatively long life-
time, the populatlon will grow rapidiy as exclted
atoms cascade from above. The Ey atom will even-
tually decay to E;, emltting a photon of frequency
V,e Flnally, If E; Is unstable, I+s atoms will
rapldly return to the ground state, Eys» keeping
the population of E, small and reducing the rate
of absorption of wv,. In this way the population
of Ex Is kept large and that of E, remalns low,
‘thus establishing a population Inverslon between
Es and Ej«  Under these conditlons, the absorption
coefficlent at v, becomes negative. Light Is
ampiiflied as 1+ passes through the material, which
Is now called an "active medium®™ ~ the greater the
population Inversion, the greater the galn.

A four-level scheme, like that described above,
has a dlstinct advantage over three-level systems,
In which Ey 1s both the origln of the pumpling
transition and the terminus of the lasing +fransi-
+ione in the four-level arrangement, the flrst
atom that Is pumped contrlibutes to the population
inversion, whlile over half of the atoms must be
pumped from Ey before an inverston is established
in the three-level system.
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Figure 1,2: A typical four-level laser transition scheme (a) compared to thal of visible argon (b), One
collision ionlzes neutral argon, and a second pumps the fon fo an excited state,

In commercial laser designs the source of excita-
tion energy Is usually optical or electrical: arc
lamps are often employed to pump solid-state
lasers; the output of one laser can be used to
pump another, e.g.,, @ liquid dye laser Is often
pumped by an lon laser; and an electric discharge
is generally used to exclte gasseous media like
argon or krypton,

ARGON AS AN EXCITATION MEDiUM

The properties of argon are probably the best
understood of all the ionized gas laser media; Its
transition scheme Is compared to the model In
Figure 1,2(b), and its visible energy level
diagram is depicted in Figure 1,3, The neutral
atom is pumped to the 4p energy level - the origin
of the lasing transition - by two collisions with
electrons, The first jonizes the atom, and the
second excites the fon from its ground state (E;)
either directly to the 4p energy level (Ez) or to
E4, from which it cascades almost immediately to
4p, The 4p fons will eventually decay to 4s (Ep),
emitting a photon either spontaneously or when
stimulated to do so by a photon of equivalent
energy. The wavelength of the photon depends on
the specific energy levels involved, but i'l"wlll

be botween 400 and 600 nm, The ifon decays sponta-
neously from 4s to the ionic ground state, emit-
+ing a photon in the vacuum ulfraviolet - about 74
nm - as it vacates the lower level of the lasing
transition,

The population in the ionic ground state at any
given time 1is small, Recombination processes
return fons to the neutral atom energy level
scheme; therefore, there is no tendency toward a
sel f~absorption "bottleneck", a population buildup
in the lower laser levels,

The existence of only two lower states for a large
number of visible laser fransitions suggests that
strong competition between lines with a common
lower level may exist, Such competition would
manifest itself as improved performance of a given
line during single-line operation, compared to Its
strength when all lines are present, Although
competition exists, Iits effect is minor, and
single~line operation improves the power of prin-
cipal lines by less than 10§, Even those upper
state populations that are shared by more than one
laser transition only exhibit minor competition
effocts, Therefore, the use of a prism or other
dispersing element In continuous-wave argon ilon
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lasers Is not necessarily advantageous, except in
single-1ine applications,
lon laser gain is directly affected by several
factors including discharge current density, mag-
netic fleld, and gas pressure, Since two colli-
sions with free electrons are required to pump an
argon atom to the upper level of visible lasing
transitions, the gain of the medium varies as the
square of the current density, Below saturation,
the multimode, ali-lines output of an ion laser
can be expressed as
P=kJ2V 13}
where P is the output power, J is the current den-
sity (A/em?), V Is the wvolume of the active
medium, and k is a constant,

Visible output saturates at a current density of
about 800 A/cm?, while ultraviolet transitions
require even higher current densities (see Figure
1.6). UV radiation is a product of transitions
between excited states of doubly ionized argon
(Art*), the ground state of which is about 43 eV
above that of the neutral atom, By comparison,
the ground state of singly ionized argon (Ar") is

1-4
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4p4D0

Energy levels of the 4p — 4s argon ion laser fransitions

only about 16 eV above the neutral atom ground.

state, So two electron collisions, or a single
collision with an extremely energetic electron,
are required to move between the Art and Artt
ground states, |f the current density exceeds the
saturation point of visible transitions, the addi-
tional energy drives argon ions to the doubly
jionized state: UV output appears to rise exponen-
tially with current density ‘o a point beyond the
design limit of available exciters,

A magnetic fleld that envelops the plasma dis-
charge enhances the population inversion, I+
tends to force free electrons toward the center of
the plasma tube bore, thereby Iincreasing the
probability of a pumping collision, Unfortu-
nately, the magnetic fleld also causes Zeeman
splitting of the laser lines, which elliptically
polarizes the output, causing partial loss at the
polarization-sensitive plasma tube windows,

Susceptibility to the Zeeman effect varies from
line to line, and there is an optimum magnetic
field strength for each, For example, the gain of
most argon visible lines rises with magnetic field
to a limit of about 1200 G, then it rolls over
(see Figure 1,4), Similarly, the gain of argon
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ultraviolet lines continues to rise as the magne-
tic fleld exceeds the practical physical limit of
ldser solenoids, about 2000 G (see Figure 1,5),
On the other hand, some Kkrypton Iines show a
marked sensitivity to magnetic field, so it must
be adjusted for optimum performance with each
wavelength change,

lon laser gain is also strongly dependent on gas
pressure, For example, argon ultraviolet output
" is highest at low pressure, Reducing the number
of argon atoms increases the time between colli-
sions with free electrons, which increases the
average electron energy, This creates conditions
favorable to the high energy collisions required
to excite argon lons to the Artt ground state,
Other lines respond best at higher pressures,

Pressure dependence also requires uniformity of
pressure distribution along the length of the
discharge,. Some krypton Ilines are especially
sensitive to pressure distribution, and at a given
discharge current they may exhibit gain at certain
pressures and loss at others (see Figure t,7), If
the pressure distribution s uneven, regions of
gain and ifoss may compete with one another causing
noisy, unstable performance, The pressure=—
balanced design of the new generation of Spectra=-
Physics metal/ceramic plasma tubes brings unprece-
dented stability to both argon and krypton lasers,

THE RESONANT OPTICAL CAVITY

A resonant cavity, which is defined by ftwo mir-
rors, provides feedback to the active medium,
Photons that are emitted parallel to the cavity
axis are reflected, returning to interact with
other excited ions, Stimulated emission produces
two photons of equal energy, phase and direction
from each interaction, The iwo become four, four
become eight, and the numbers continue to increase
geometrically unti! an equilibrium between excita-
t+ion and emission is reached,

Both mirrors are coated to reflect the wavelength,
or wavelengths, of interest while transmitting all
others, One of the mirrors = the output coupler =
transmits a fraction of the energy that Is stored
within the cavity, and the escaping radiation
becomes the output beam of the laser,

For broadband = or "all-lines"®™ = operation the
mirrors reflect a number of lines within a limited

wavelength range (about 70 nm maximum), Severat
sets of broadband optics are available to cover
different groups of laser |ines,

Adding a prism
a single line,

to the cavity limits oscillation to
The dispersion of the prism allows
only one line to be perfectiy aligned with the
high reflector, so the tilt of the prism deter-
mines which line wil!l oscillate,

The laser oscillates within a narrow range of fre=
quencies around the transition frequency, The
width of the frequency distribution = the "line-
width" = and its amplitude depend on the gain
medium, fits temperature, and the magnitude of the
population inversion, Linewidth is determined by
plotting the galn of each frequency and measuring
the width of the curve where the gain has fallen
to one=half maximum (full width at half maximum,
see Figure 1,8),

- = Longitudinal Modes

Gam Envelope ——— - -

=8GHz

GAIN

FAEQUENCY

Figure 1.,8: Frequency distribution of longitudi-

nal modes for a single line

Line broadening is caused by the relative veloci=
ties of the excited ions as they radiate, If the
ion is stationary at the time of stimulated emis-
sion, the product photons will possess the tfransi-
tion frequency, |If the ion is moving toward the
stimulating photon, the resultant frequency wifl
be higher than that of the transition; |lkewise,
if the ion Is moving away, the frequency will be
lower,

The output of the laser is discontinuous within
the Dopp\er-br'dadened line, A standing wave pro-
pagates within the optical cavity and any fre-
quency that satisfies the resonance condition

Vp=me/2L 14}
will oscillate, v, iIs the frequency, c Is the
speed of light, L is the optical cavity length,

and m is an integer, Thus, the output of a given
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line Is a set of dlscrete frequenclies - called
"|ongitudinal modes" - spaced such that

Av=c/2L [51

Longitudinal Modes —«——— Laser Gain Profile

Etalon Loss'Curve

RESULTING LASER OUTPUT

FREQUENCY

Figure 1.9: Etalon loss minimum tuned 1o laser
gain maximum '

An etalon, which Is a frequency-selecting element,
must be Inserted in the cavity In order fo Isolate
a single longltudinal mode. Spectra-Physlcs uti-
11zes an optional Fabry-Perot interferometer that
acts as a bandpass fllter, Introducing enough loss
In all other modes fo prevent them from reaching
the laslng threshold (Figure 1.9). The coherence
length - the distance over which the output beam
mainftalns a fixed phase relatlonship - Is
inversely proportional to the Itnewtdths

lc=c/Av 161}
wWhen the laser output 1s changed from single line
Yo single frequency, the coherence length

Increases enormously. |f the linewidth Is reduced
from 6 GHz (single~lIne) to about 10 MHz {single-
frequency), the coherence length Increases from 50
mm to 30 m.

RESONATOR STRUCTURAL CONSIDERATIONS

The stability of the osciilating frequency depends
on the deslgn of the resonator structure. Small
changes in cavity length, which have several
sources Inciuding temperature changes and mechani~-
cal shifts, will cause corresponding changes tn
+he resonant frequency. Cavity length changes due
to temperature can be expressed as .

-7

Al=aAT L 173
where L 1s the cavity length, a Is the thermal
expansion coefficient of the resonator structure
and AT s temperature change. In order to ellmi~-
nate frequency drift elther a or AT must be zero.

The cholce of materlals affects the length stabl-
114y of the structure. The tdeal material has
both a low thermal expansion coefficlent and a
high abllity to distribute heat evenly, causing a
constant AT along the length of the structure.

Graphite composite, such as that used In the Model
2020 resonator, has the lowest thermal expansion
coefficient of any currently used structural
matertal. Since lts coefficient Is also negative,
the thermal compensation system of the resonator
structure can be kept simple. The negative expan-
slon of the graphite rods offsets the positive
expansion of the metal parts, so t+he net change
remalns near zero over a wlde range of fempera—
tures.

Frequency stabli!lty also depends on the mechanical
rigidity of the resonator structure, Modulation
due to "jitter®, the microphonic movement of
cavity mirrors, can be caused by coolling water
flow, external shock to the resonator structure,
and acoustic nofse. Isolation of the resonator
from both the plasma tube, through which the
cooling water flows, and +he case that surrounds
t+he laser, the source of other vibrations, heips
reduce Jlitter.

The mechantcal design of +the structure also com-
tributes to Jitter-free operation. The most
stable configuration Is an arrangement of three
resonator members in an equilateral triangle
(Figure 1.10). As one of +he angles Increases,
the reslstance to flexure, in a plane represented
by the longest side of the traingle, 1s reduced.
The exireme case, In which all three members |le
tn +the same plane, Is the least rigid, its
strength coming only from the members themselves.
The Model 2020 resonator approaches the ldeal
equilateral triangle. The graphlte rods are
enveloped In steel tubes to strengthen the struc—
+ure and for Increased resistance to flexure.

CONCLUSION

Several factors Influence ion laser outputs The

optical power can be calculated from



Ideal Equilateral Triangle

Spectra-Physics design approaches an equilateral triangle.

Orthogonal design is subject to flexure along this plane.-

Figure 1,10: The relationship of resonator structural members atfects the stability of laser output
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Figure 1,11: Lengthening the radius of curvature of the output coupler enhances output by increasing the ‘
mode wolume of the cavity,
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Po=TAlg —_—‘:g%— -1 (81
where T 1s the output coupler transmisslon, A Is
the cross-sectional area of the beam, Ig Is a
saturation parameter, a, Is the small slignal galn,
L 1s the galn length, and B is the sum of all
cavity losses.

The transmission of the output coupler should be
the greatest of the cavlity losses: It should be
greater than the sum of all others. Ideally B,
which 1s caused by unwanted absorption, reflec—
+ton, diffraction, and transmission, should be
2ero. Cleaniiness of plasma +tube processing
operations, which eliminates contamlnants that can
find thelr way to the Inslde surfaces of the win-
dows, s essentlal to Improved ton laser output.
Cleanliness of other cavity elements, Including
both mirrors, s also Important. A sealed cavity
with a forced-alr purge system contributes +o

overall performance. Regular attentlon fo mirror
and window cleaning ¢an also reduce cavity losses.

The cross—sectlonal area, and therefore the volume
of the galn region can be Increased by enlarging
+he bore and using a long-radlus ouiput coupler
(Filgure 1.11). The use of long-radlus optics
requires an exiremely rigld resonator structure.
Increasing the mode volume of the cavity whlle
maintalning a constant current density Increases
the output.

The Spectra-Physlics Series 2000 ion lasers repre—
sent a leap In the evolution of laser technology.
With 1+s advanced plasma tube design, high~fleld
magnet, thermally compensated graphite composite
resonator, and fully dlgital high—current power
supply, 1+ Is a system that delivers vIsible oud-
put to match the most exacting standards and UV
performance that fs unrivalled.



SPECIFICATIONS

PHYSICAL

Dimenslions

Shipping Welght

Power Supply
Laser Head

Power Supply

81.6x54.3%x37.2 cm

32.1x%21.4x14.6 In

128.5%24.1%20.1 cm
5046x9.5%7.9 In

Mode! 2020 83 kg, 183 Ibs
Mode! 2025 132 kg, 291 Ibs
Laser Head
Mode! 2020 59.4 kg, 131 Ibs
Model 2025 64 kg, 141 Ibs
Cavity Conflguration Long radlus output,
flat high reflector
Cavity Length (without prism) 1.10 m
Cavity Length (with prism) 1e17 m
ELECTRICAL SERVICE Type 3~phase with earth
ground
Voltage Required 208 vac *10%
Current Required Mode! 2020-03 44 A
Model 2020-04, -05 48 A
Model 2025-03 59 A
Mode! 2025-04, -05 61 A
Mode! 2020-11 48 A .
Model 2025-11 61 A
WATER SERVICE Flow Rate MinTmum " 9.5 I/min, 2.5 g/mln
Pressure Minimum 1e1 kg/cmz, 15 pst
Max Imum 5.3 kg/em?, 75 psli
PERFORMANCE Notsel,? Current mode 0.5% s
Power mode 0.2% rms
Stabllity3 Current mode 3%
Power mode +0.5%
Beam Diameter4 514 nm 150 mm
Beam Dlvergence4 514 nm 0,50 mrad
Polarization Vertical
Mode Spacing 136.1 MHz

Specifications subject to change without notice

1. Performance at 514.5 nm for argon or 647.1 nm for krypton, 10 Hz - 2 MHz.

2. Using Model 2210 Llnear Passbank; without Model 2210, typical nolse in current or power mode Is 3%.
3. In any 30 min period after 2-hr warmup
4. At 1/e2 points, data for 514.5 nm. Data for other wavelengths (assuming no change 1n optlcal

configuration) is glven by: )

Az

DIA,

m&_c,

x




SPECIFICATIONS (con't)

Argon lon Laser Power

2020/2025 2020/2025 2020/2025

Mul+i=11ne! (nm) -03 -04 -05
457.9-514.5 3W A 5 W
351.1-363.8 0.050/0.200 0.075/0.300 0,100/0.400

Single=1ine! (nm)

514.5
501.7
49645
488,.0
476.5
472.7
465.8
457.9
454,5

1.200 1.700 2.000
0.200 0.300 0.400
0.400 0.600 0.700
1.000 1.300 1.500
0.350 0.600 0.750
0.130 0.200 0.300
0.070 0.125 0.200
0.200 0.300 0.350
0.050 0.075 0.120

Krypton lon Laser Power

2020/2025
Mul+i-1ine! (nm) -1
647.1-676.4 0.750/0.600
406.7-415.4 - /0.150
337.4-356.4 - /0.150
S!ngle—llne1 (nm)

799.3 - /0.030
752.5 - /0.100
67644 0.150/0.120
647.1 0.600/0.500
56842 - /0.200
530.9 - /0.200
520.8 - /0.090
482.5 - /0.045
476.2 - /0.060
413,1 - /0.060

Specifications subject to change without notice.

1. Single-line powers for argon lasers are speclfled at
514.5 nm and 488.0 nm, and tor krypton lasers at+ 647.1 nm
only. Other powers indlcated are nomlinal; firm speciflica-
tlons are avallable with speclal testing and are only avall-
able at the time of purchase. All ocutput power speclfica-
tions, except argon multliine visible, refer 4o TEMgp oper-

ation,
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INSTALLATION

UNPACKING YOUR LASER

Inspect each component of the system carefully as
you unpack i+. |f you notice any damage, such as
dented or scratched covers, broken knobs or
swltches or a broken plasma tube end bell, notify
the shlpper and your Spectra-Physics sales repre-
sentative Immediately. 1f, upon installation, the
laser falls 1o operate or meet performance speci-
flcatlions, Specira~Physics wlll arrange for repair
or replacement wlthout walting for your claim
agalnst the carrier 1o be settled.

Hold on to the shipping contalners. If you flle a
damage clalm, you may need 1t to demonsirate that
the damage occurred as a result of shipping. |If
you need to return the laser for service, the
specially designed crate assures adequate protec-
+ion.

You will find the following Ttems In the accesso-
rles kit In which thls manual was packed:

o a tool kit that contains all of the tools you
witl need to altgn and matntaln your laser,
Including extra power supply fuses, a set of
Allen wrenches for beam allgnment, a hemostat
and lens +tissue for optlics cleaning, the
all-lines, high-reflector mirror, a palr of
keys for the master switch, and a dispensing
bottle;

o two water hoses for the cooling system - you
will need one hose for water service and one
for the drain;

o a fllter for the water supply and two exira
cartridges.

You will need to supply several Items, Including:

o electronic grade, or better, acetone and
methano! for optics cleaning;

o several ball drivers for plasma tfube allgn—
ment; the Allen wrench set supplled with the
laser s adequate, but a set of ball drlvers
that includes one #28 (1/4%), three #24

(1/8") and four Yo six #23 (3/32") wrenches
makes allignment a much simpler process.
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ELECTRICAL CONNECTIONS

The power supply requires three-phase electri-
cal service that is rated for 208 V ac (*10%) and
70 A.

The switch box should be less than 3,5 m (12 )
from the power supply. Connect the green lead of
the electric cable to earth ground, not neutral.
Connect the remalning three leads to the legs of
the three—-phase service; +the sequence will be
checked during preoperation testing. If a qulck—
disconnect plug Is used, it must be rated for at
least 70 A.

WARNING

Do not exceed 230 V ac! 1f the only
avallable service exceeds 230 V ac, you
must use a transformer to step down o
208 V ac. Contact your Spectra-Physics
sales or service englineer for detalls.

Place both the laser head and power supply In
thelr operating positions; the power supply must
be less than 2.5 m (8 f1) from the laser head.
Connect the laser head umbilical to the rear panel
of the power supply. Connectlons for all electri-
cal clrcults and the Illne that carries cooling
water to the laser head are contalned within a
single qulck-release assembly (see Figure 3.1).
Two long pins reglister the umbillcal connectors
with +thelr power supply receptacles; allgn the
umbtltcal with the power supply and push unti! all
connections are snug. Tlghten the locking knob
finger-t+ight.

WATER CONNECTIONS

Coolling water may be supplied from an open-loop
system consisting of a tap water source and direct
connection of the outflow to a draln, provided the
water flow rate Is at least 9.5 I/min (2.5 US
gal/min) at a differential pressure* between 1.1
and 5.3 kg/c:m2 (15 and 75 psig). The diameter of
the Incoming water service llne should be at least
12.7 mm (0.5 In).

*defined aé the difference beiween the exit back
pressure and the Input pressure



1f the laser head is not mounted horizontally and FIGURE 3.2: Model 2020 lon Laser Thermal
the cathode end of the tube Is higher than the Parameters .
anode end, you must purge the water cooling system Requlired Heat Dissipation: 18 kW*
with water flow of at least 19.0 I/min. (5.0 US Required Coolant Fiow Rate: 9.5 1/min.
gal/min.) for two minutes before turning on the 2,5 US gal/min.
laser. After iwo minutes, the flow can be reduced Maximum Inlet Temperature: 35°C
to the standard flow rate shown In Figure 3.2, Required Coolant Pressure: 1.1-5.3 kg/c:m2
15-75 pstg

Install the filter In the supply line; the direc-
+ion of fiow Is marked on the filter case.

Connect the coollng water supply line to the FIGURE 3.3: Model 314 lJon Laser Water
female fitting that Is located below the umbilical Conditloning System Specifications
connector. Connect the return iine to the male Allowed Heat Dissipation: 40 kW
f1++ing that emerges from the connector casinge Filtration: 25 um

Delonization: >0.175 MQ-cm
The cooling water In most locations Is of adequate Deoxygenation: >1 ppm

quality so that scale bulld-up on the plasma tube
wil! not be a probleme However, if the cooling
water has a concentration of dissolved sollds
greater than 150 ppm, we strongly recommend the
use of a closed loop water condltloning system
such as the Spectra~Physics Model 314. Fallure to
use a water conditioner can lead fo reduced cool-
ing efficlency and possible damage to the plasma
tube.

The specifications for the Model 314 Water Condi- .
ttoner are llisted In Figure 3.3, These speclfi-

cations exceed the +hermal parameters of the

Spectra—Physics Model 2020 fon laser. If you plan

to deslgn your own closed—-loop system, use the *under worst case conditions, l.e., Model 2020-05
specifications and thermal parameters as a gulde. or 2025-05 with high-field magnet

3-2



FIGURE 3.5:

UNPACKING THE LASER HEAD INTERIOR

Several precautlons were taken when your laser was

prepared for shlpplinge. Remove the laser head
cover and Inspect the Interior.
1 inspect the cavity seal on each end of the

plasma tube. If the seal was dislodged dur-—
ing shipplng, the plasma tube window will
have to be cleaned; see "Cleanlng the Plasma
Tube Windows™ Tn MAINTENANCE for detallse.

2 Inspect the gas purge system feeder +ubes.
Be sure the Teflon™ gas purge tubling Is
securely attached to all fittings.

3 Inspect the shutter and aperture. Both
should be fully open. The numbered positions
on +the aperture wheel Indlicate avallable
apertures with "12" the largest. A "O" next
to the shutter lever Indicates that It Is
open.

4 Replace the laser head cover.

33

Laser Head Interlor (Anode End)

MODEL 2200A INTRACAVITY AIR PURIFIER

The Spectra-Physlics Model 2200A Intracavity alr
purifier must be used with the Model 2020/2025.
The alr purifler s a closed-loop system that sup—
plles a constant flow of flltered alr to the laser
head Intracavity spaces. This alr flow removes
dust particles, ozone, and contaminating vapors
from the intracavity space, preventing loss of
output power caused by contamination of optical
surfaces. Uslng the Model 2200A ellmlnates the
need for frequent optics cleaning to malntaln
long~-term output power steblllty.

The unit operates on efther 115 or 230 V ac; a
slide switch on the rear panel sets the operating
voltage. A 250 V, 1 A fastblow fuse protects the
circult. The alr flow rate ts factory set between
0.2 and 0.5 1/min. (12.2 to 30.5 1n3/min) and is
not adjustable.

Installation

The purge tubing connectors are located on the
rear panel of the Mode! 2200A. The output fitting
1s black, and the Input fitting 1s blue. Two
color~-coded lengths of Teflon™ tublng are supplied
with your Model 2200A.



FIGURE 3.6: Laser Head Intferior (Cathode End)

Connect the air lines to the Model 2200A by

mating !lke~colored connectors and recepta—
cless Thils avolds crossing input and output
lines.

Connect the air |ines to the laser head, mat—
ching colors to prevent crossed llnes. Ver-
tfy that the output of the Mode! 2200A enters
+he tnput fit+ting (black) on the laser head.

Run the Model 2200A for a few hours to clear
the 1ines of contamination; the laser can be
off durlng this clean-up. Clean the plasma
tube windows and cavity mirrors after thls
Initial run,
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Operatlon

There are no operator adJustments on +the Model
2200A. The flow rate 1s factory set for use with
Spectra-Physlcs lon lasers.

The alr fllter has a finite 1lfetime, typically
more than 1500 hr of continuous operation. Aflr
leaks, the relative humidity of the amblient alr,
and the frequency of mirror changes all influence
+his Ilfetime. Check the condition of the filter
through the slots on the side of the Model 2200A.
When +the blue desslicant furns completely pink,
replace the filter (S.P. part number 0431-4570).
About one third of the dessicant will be consumed
in the first few hours of operatton as 1+ removes
water vapor from the actlivated charcoal. The
remaining dessicant wil! +then last 1500 hr or
more.

The unit can be left on after turning off the
laser, but +this shortens the life of the ailr
filter.




PREOPERAT IVE TESTS

Perform the following tests before

start your laser for the first time.

Control Operation Tests

you attempt to
They are

Check the key switch to be sure that 1t oper-
ates smoothly.

your final assurance that the system arrived In 2 Assure yourself that all control knobs turn
proper working conditfon. Refer to "Operation” smoothly; turn each to I+s minimum position
for a complete description of the conirols men— (counterclockwlse.)
+loned below.
3 With the MASTER key switch off and the water
Water Testing the Plasma Tube supply on, apply power to the Model 2560 and
check the followlng:
1 Remove the laser head cover.
o all three LINE Iindicator tamps should
2 Slowly open the water supply valve until you glow;
hear the water begin to flow. o the OFF indicator lamp should glow;
o +he CURrent MODE, CURrent/60 A, and
3 I+ leaks are present, shut water supply off, LOCAL (optional) LED Indicators should
dratn the cooling system and call your glow,
Spectra-Physics representative. o +he power supply should "beep", Indicat~
Ing automatic reset
4 If no leaks are present, re-install laser
head cover. 4 I the status fault display reads "01", shut
the power off and reverse any two of the
3~-phase leads.
5 Conduct the following control checks; If your
system falls any test, call your Spectra-
Physics service representative.
FIGURE 3.7: Power Supply Conirol Operation Tesis
CONDITION TEST EXPECTED RESULT

Contactor OFF, INTERLOCK plug and
REMOTE control jumper in socket,
MASTER key switch off

Contactor OFF, INTERLOCK plug and
REMOTE control jumper 1In socket,
MASTER key switch ON

MASTER key switch ON, INTERLOCK
plug and REMOTE control jumper In
socket, contactor closed, ON
button glows

MASTER key switch ON, INTERLOCK
plug and REMOTE control jumper In
socket, contactor open, OFF
button glows

Press the ON button.

Press the ON button.

Remove the INTERLOCK plug.

Turn off the water supply,
press the ON bution.

3=5

The power supply should not switch
on: error code 17

Contactor should close, switching
the power supply on; ON indicator
should glow.

Contactor should open, switching
the power supply off; OFF Indicator
should glow: error code 16,

then The power supply should not switch

on: error code 09, 10, and 12.

When you restore the water supply
and press the ON indicator, the
power supply should switch on.



OPERATION

300V 60A

CURRENT

CONTROLS

POWER SUPPLY CONTROLS AND INDICATORS

The controls and indicators on the front panel of
the power supply are divided into four functional
groups: operating controls, fill controls, status
Indicators, and electrical power controls, A
fifth group, the auxiliary controls, is available
as an option, In the following descriptions capi-
tal letters identify the controls and indicators
exactly as they are labeled and lowercase letters
fill in the spaces for clarity, e.9., the AUTO
FILL ENABLE button, the PoWeR MODE button, and the
MAGnet CURrent button,

OPERATING CONTROLS

A light-emitting diode (LED) is incorporated in
each selector button in this group, When a given
function Is active i+s LED will glow,

VOLTS/300 V button - displays the plasma tube vol-
tTage on the pane! meter (displayed value is about
4 ¥V higher than actual tube voltage because of a
small voltage drop across the start circuit); full
scale = 300 V,

CURrent/60 A button - displays the plasma tube
current on the panel! meter; full scale = 60 A,

FIGURE 4,1: Model 2560 Power Supply Front Panel

POWER range buttons ~ displays the output power on
the panel meter; each button limits the dispiay to
a specific range,

o 0.3 W - for output between zero and 0,3 W;
read the 0-3 scale and divide the dispiayed
value by ten,

o 1 W - for output between zero and 1 W; read
the 0-10 scale and divide by ten,

o 3 W - for output between zero and 3 W; read
the 0-3 scale,

° 10W - for output between zero and 10 W; read
the 0~10 scale,

When the system Is In the current control mode

pressing one of the power range buttons will dis-

play output power within the selected range; Its
LED wit! glow, indicating the operating power
range,

The power range LED's are always active when the
system Is in the power control mode, If the tube
VOLTS, tube CURrent or optional MAGnet CURret dis-
play functions are on, a blinking power range LED
will fdentify the operating power range, Pressing
the blinking power range button will display the
output power and cause Iits LED to hold steady,



CURrent MODE button - puts the laser in the cur-
rent control mode, In which plasma tube current is
heid constant, The LED will blink if you ask for
a current level that Is beyond the operating
limits of the power supply, typically either more
than 55 A or less than 15 A,

CURRENT control knob -~ sets the plasma tube cur-
rent when the system Is in the current control
mode; minimum is fully counterclockwise,

PoWeR MODE button - puts the laser in the power
contro! mode, in which optical output is held con-
stant (called the "Light Control" mode on earlier
Spectra-Physics fon lasers); the LED glows when
the system is in the power mode, The LED will
blink if you ask for a power level that is unat-
tainable,

POWER confrol knob - sets the output power when
the system is in the power mode, Its maximum
depends on the active power range, i,e,, 03 W, 1
W, 3 W, or 10 W; its minimum is aiways zero,

NOTE

I1¥ you change power ranges while +the
system Is in the power mode, the posi-
tion of the power control knob will
determine the output power, e.,gq,, to
obtain 1 W of power using the 1 W power
range, the power control knob must be
at Its maximum setting (fully clock-
wise), |f you then press the 3 W power
range button, the controlier will raise
the output power to 3 W, maximum for the
3 W scale,

Meter ~ display depends on the active meter
function switch: plasma tube wvolts (includes
nearly 4 V drop across the start circuit), tube
current, output power, or magnet current,

FILL CONTROLS

LOW PRESSURE findicator - glows when the plasma
tube pressure drops below a factory-set threshold,
1+ glows continuously until the automatic fill
system refturns the pressure to normal, The indi-
cator will blink in the unlikely event that the
recharging reservoir is empty,

AUTO FILL ENABLE switch - toggles the automatic
fi1l circuit, which maintains optimum plasma tube
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pressure, on and off, [|f the pressure drops while
the circuit Is active, the tube will be recharged
automatically, The LED on the button glows when
the clircuit is on,

STATUS INDICATORS

Status Fault Display - a two-digit LED display
that presents an error code, I1¥ the system is
fault-free, the display is blank (see Figure 4,2),

ALARM OFF switch - has two functions: First, if a
status fault causes the audio alarm ‘o sound,
pressing the button will silence it; the LED indi-
cator on the button will fiash as long as the
alarm sounds, Subsequent presses will cause the
status fault indicator to display relevant error
codes, one at a time,

ELECTRICAL POWER CONTROLS

AC PHASE lamps - indicate the presence of three-
phase power, one lamp for each phase, All lamps
glow equaliy 'brigh'r when acceptable electrical
service is available,

All contro! circuits remain active as long as the
main power is on; they can only be turned off by
disconnecting the power supply from the ac power
line,

MASTER key switech - prevents unauthorized opera-
tion of the laser, Turning the switch on enables
the ON button, allowing laser operation; turning
it off during operation shuts the laser off,

NOTE
If the optional Spectra-Physics remote
control unit is connected to the power
supply, then both MASTER key switches,
one on the power supply and one on the

remote control, must be in the ON posi-
tion before the system can be turned on,

Power ON button - starts the laser and serves as
the emission indicator, If the cooling water
supply and the MASTER key switch are on, pressing
the ON button closes the power contactor, which
applies filament current, and after a brief warm—
up, sends a start pulse to the tube; it also turns
on magnet power, The button glows white as long
as the laser remains on,




FIGURE 4.2a: Status Fault Display Error Messages — User—fixable Faults
System Controller Firmware Verslon 3 (0431-8560)

1 = turn beeper on and latch error code In the status display If laser Is on when error occurs.

2 = disable pllot relay (shut laser off).

3 = disable pllot relay (prevent Jaser +turn on).

ERROR SYSTEM
. CODE DESCRIPTION OF USER-FIXABLE FAULTS RESPONSE

00 unassigned

01 ac |Ine phases reversed 1,2,3

02 ac line voltages out of range (208 V %15%)

03 ac line frequency ocut of range (46 to 64 Hz) 1,2,3

04 ac line symmeiry (24%) 1,2,3

05 passbank water temperature >40°C 1,2,3

06 passbank water temperature dropout 2

07 SCR alr temperature dropout 2

08 head water temperature >80°C 1,2,3

09 head water flow rate <2 gpm 1,2,3

10 head temperature, flow, or cover interlock open

11 head water femperature interlock open

12 head water flow interlock open

13 head cover Interlock open

14 umbilical connector interlock open

15 power supply cover interlock open

16 CDRH INTERLOCK open

17 front panel key switch open

18 front panel OFF switch stuck open

19 remote panel key switch or off switch open, or Jumper plug not Installed

20 remote key switch open

21 remote OFF swltch stuck open

22 magnet current meter function dlsabled because magnet regulator not Installed

23 tilegal conflguration: high field magnet and no magnet regulator 1,2,3

24 RS232 frame error

25 RS232 parity error

26 IEEE 1/0 error

27 unassigned

49 unassigned
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FIGURE 4.2b: Status Fault Display Error Messages — Service—fixable Faults

System Controller Firmware Version 3 (0431-8560)

turn beeper on and latch error code In the status display If the laser 1s on when error occurs.

2 = disable pilot relay (furn off laser). :
3 = dlisable pllot relay {(prevent taser turn on).
ERROR SYSTEM
CODE DESCRIPTION OF SERVICE-FIXABLE FAULTS RESPONSE
50 unassigned
51 +24 V dropout
52 plasma overcurrent dropout
53 +5 V reference out of speciflcation
54 magnet reslstance > nominal + 25% 1
(low field magnet reststance >50 Q -or-
high field magnet resistance >15.75Q)
55 magnet resistance < nominal - 25% 1
(low fleid magnet resistance <30Q -or-
high fleld magnet resistance <9.45Q)
56 magnet current sensor not K
57 plasma current sensor not K
58 plasma open circult voltage sensor not OK 3
59 passbank voltage out of regulation
60 tube won't start (start clrcult fault or plasma SCR disabled) 1,2 .
61 firing controller sync pulse #1 missing 3
62 firing controller sync pulse #2 missling 3
63 firing controller sync pulse #3 missing 3
64 firing controller hardware error
65 head controller does not respond
66 firing controller does not respond
67 remote panel does not respond
68 remote panel 1/0 error
69 low 111 Itmi+ reached while auto fill enable off -
system has switched auto fill enable on 1
70 111 reservolr empty — auto fi1l mode permanentiy disabled 1
Il tube pressure too low to operate 1,2,3
72 tube volts <100 V ~ tube pressure test disabled
73 plasma current <16.5 A - tube pressure test disabled
74 magnet current <3 A -xfube pressure test disabled
75 backup memory EEPROM write fallure
76 passbank water temperature sensor not OK 3
77 plasma regulator temperature sensor not 0K 3
78 obsolete EPROMS on Smart Board — must be replaced with latest revision
79 unassigned
99 unassigned
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NOTE

When the system Is under REMOTE control,
+he remote ON button will cause the
power supply ON button 1o glow as well.

Power OFF switch - turns the laser off. Pressing
+he button opens the power contactor, turning the
plasma, fllament, and magnet currents off. [
glows whenever the maln power Is on and the power

" contactor 1s open.

NOTE

The power supply control circults remaln
active when the power contactor opens.
If a malfunction occurs, such as loss of
water flow, the contactor will open and
the OFF Indicator will glowe The front
panel, which remalns active, will dis—
play an appropriate error message.

REAR PANEL. CONNECTIONS

REMOTE - connects the power supply fo the Specira-
Physics remote control uni+. A Jumper plug, which
hangs by a chaln next to the Jack, must be Inser-
ted 1f no remote control is used.

RS232 - connects the power supply to an RS232
digital device. The power supply supports full
duplex operation, allowing simulfaneous two-way
data transmission. Turn fo "External Conirol:
RS232 Interface Operatlon®™ for detalls.

IEEE 488 - connects the power supply to a parallel
|EEE 488 device. DIP switches on the |EEE 488
interface board control the address, which is fac—

tory set to 25. Turn to "External Control: IEEE
interface Operation™ for detalls.
INTERLOCK - 1s the CDRH remote interlock. When

t+he iInterlock clircuit is open the laser Is dis-
abled. An extension cord and switch can be con-
nected to the INTERLOCK Jack to provide a safety
switch, e.gs, on the door of the laser operatlion
area. A jumper plug, which hangs by a chaln near
the INTERLOCK Jack, must be Inserted If no safety
switch 1s used.

MONITOR - Is the analog monitor output.
age Is varlable between O and +5 V;
tmpedance is typically 5 k Q.
MONITOR output,

The volt-
the output
The signal at the
which Is determined by the METER
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FUNCTION switches on the front panel, can be used
for strlp chart recording. Interpret the signal
according to the following table:

Function 0 o +5 Y Represents
Magnet Current 0 1o 31.6 A
Plasma Regulator Volts* 0 o 316 V
Plasma Current 0 Yo 63.2 A
Power (0.3 W scale) 0 fo 0.316 W
Power (1 W scale) 0 to 1.0 W
Power (3 W scale) 0 to 3.16 W
Power (10 W scale) 0 o 10,0 W
Passbank Yoltage (PBV)*¥* 0to 20V
+5 V Reference** actual
Error Analog Board Signal** actual
Plasma Drive Signal¥*¥ actual

EXT. MDD, - allows amplliude modulation of elther
the plasma tube current, when the laser is in the
constant current mode, or the optical output, when
in the power mode. The Input Impedance Is 10 kQ.
Any voltage supplied to the port causes a delta
shift from I[ts present operating states A 5 V
swing 1s allowed, but the Input range may span -5
o +5 V depending on the position of the mode
control pot (CURRENT or POWER)., The followlng
table fllusirates the possibliltles:

Output Modulation fn the Constant Current Mode

CURRENT control Modulation

position Yoltage Effect
mintmum (full ccw) 0 to +5 modu latlon from
midrange ~2.5 to +2.5 minimum to
maximum (full cw) -5 to O maximum current

The relatlonship between the wmodulation voltage
and output current Is linear as long as the plasma
tube Is operated between the minimum and maximum
current 1imlits (17 A<1<55 A).

*Represents the fube voltage plus the nearly con-
stant 4 V drop across the start clrcult.
**Can only be selected via RS232 OR

device using the "™METER=XXXX" command.

IEEE 488
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Output Modulation In the Consiant Power Mode

POMER conirol Modulation

positlion Voltage Effect
minimum (full ccw) 0 to +5 modutattion from
midrange =2.5 to +2.5 minimum ‘o
maximum (full cw) -5 to 0 maximum power

The relatlonship between the modulatlion voltage
and output power Is flinear as long as the plasma
tube Is operated between the minimum and maximum
current limits.

The laser system has a small signal bandwidth* and
a large slignal bandwidth. The small signal band-
width 1s approximately 5 kHz (measured to the 3 dB
point) when using a |inear passbank. A small sig-
nal 1s one In which +the tube voltage Is modulated
less than %5 V, which roughly corresponds to i A
change In +tube current. At modulatlons larger
than this +the passband compliance range 1Is ex-
ceeded and the voltage or current changes become
slew-rate limited by the SCR swltching regulator
bandwidthe The large signal bandwidth can best be
described as a slew-rate |imit for a minimum—tfo-
maximum current change. Typlcally slew rates are
200 ms for a full range change of 15-55 A.

AUXILIARY QONTROLS (Optional — see Flgure 4.3)

LOCAL control button - ftransfers contro! from an
external source (l.e. an RS232 or an |EEE488
device) to the power supply control panel. The
controller automatically resets fo local conirol

upon Inlttal turn on; the LED on the LOCAL button
glows when the system Is under local control.

REMOTE conirol
design use.

buHon - 1s reserved for future

NOTE

If a Model 2270 Remote Conirol unit Is
connected to the power supply, the LOCAL
control state should be active, not the
REMOTE conirol state.

*Only laser systems with the l[inear passbank have

the 5 kHz small signal bandwidth.
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IEEE 488 butfon - transfers control fo an external
controller that uses the Industry standard IEEE
488 parallel data 1ink protocol. The LED in the
IEEE 488 button glows when the system Is under
|EEE 488 external control; other front panel LED's
will follow external control commandse.

NOTE

Both the Smart Board and an optional
|EEE 488 Interface card must be Install-
ed for I|EEE 488 control. This card in-
cludes DIP switches that al low selection
of the bus address for the power supply;
it Is factory set to address 25.

The IEEE 488 connector Is on the rear panel of the
power supply. Please turn to "External Conirol”
for operating Instructions.

SERIAL bution - transfers control fo an external
controller that uses the Indusiry standard RS232
sorlal data link protocol. The RS232 LED will
glow when the power supply Is under RS232 external
control; other front panel LED's will follow
external control commands.

NOTE

The optional Smart Board must be Instal-
led for RS232 operation. DIP swiiches
determine the rate of data transfer.
The following baud rates are avallable:
110, 150, 300, 600, 1200, 2400, 4800.
The 4800 baud rate Is the optimum data
transfer rate and 1its use Is recom—
mended.

The RS232 connector Is on the rear panel
power supply. Please turn 1o
for operating Instructions.

of the
"External Control™

MaGnet CURrent butfon — causes the front panel
meter to display the magnet current; its LED glows
when the feature Is active., Read the 0-3 scale
and multiply by ten fo get the current In amps.
1f the power supply does not have a magnet regula—-
for, this button Is disabled.



FIGURE 4 .4:

MAGNET REGULATOR knob - adjusts the current of the
magnet regulator, If the power supply does not
contain the magnet regulator, this potentiometer
has no function,

LASER HEAD CONTROLS AND INDICATORS

Two control panels are available for the Model
2020 laser head, The standard contro! panel
provides all of the adjustments necessary for both
broadband and single~line operation, The optional
high resolution panel simplifies +tuning and
ad justment by displaying the lasing wavelength and
calibrating the optical output power sensor to Iit,

Standard control panel features:

Coarse vertical (wavelength) adjusiment - changes
the vertical alignment of +the high reflector
aliowing rapld adjustment for optimum broadband
performance, During single-line operation it pro-
vides a quick scan of individual laser lines, It
is accessible through a hole in the control panel,

Coarse horizontal adjustment - changes the hori-
zontal alignment of the high reflector allowing

Mode! 2560 Power Supply Rear Panel
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rapid adjustment for optimum performance, It is
accessible through a hole in the control panel,

NOTE

Use the fine adjustments described below
after peaking power and wavelength with
t+he coarse mirror controls, Try to keep
the fine controls near the middie of
their ten-turn range (in the fifth
revolution),

Fine VERTICAL ADJUSTment - moves the high reflec-
tYor at 1/30th the rate of the coarse adjustment,
Used for fine tuning both broadband and single-
{ine pertformance,

Fine HORIZONTAL ADJUSTment - moves the high ref-
lector - at 1/30th the rate of the coarse adjust-
ment, Used for fine tuning both broadband and
single~iine performance,

A SELECTOR (nm) switch - calibrates the output
power detector to the wavelength range selected.
insures an accurate output power display on the
power supply panel! meter,




HORIZONTAL "\

) ‘

Optional high-resolution features:

WAVELENGTH (nm) Indicator - a three-digit LED
display that shows the nearest lasing wavelength
during single-iine operation, During broadband
operation it displays "ALLY", and when the tube Is
being filled it displays "GASY,

PRISM position on the A SELECTOR (nm) switch -
used during single~line operation to catibrate the
optical output detector tfo the operating
wavelength, The controller reads the position of
the wavelength selector and supplies the
calibration factor required for an accurate

FIGURE 4.5: High-resolution Laser Head Controls
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optical power display,

A COARSE TUNE adjusting knob - Iinks the coarse
adjustment to the WAVELENGTH indicator, Iden-
tifying the nearest lasing line during single-line
tuning,

CenTeR Indicator - this LED glows when the A FINE
TUNE adjustment is at the center of its range (in
its fifth revolution),

CALibration potentiomster - calibrates the wave-
length indicator; accessible through a hole in the
control panel,



STARTING THE LASER
CAUTION

The output beam of +thls laser 1Is a
safety and flre hazarde Avold vlewing
the beam directly or blocking 1+ with
clothing or parts of the body.

1 Place a folded metal +target (see LASER
SAFETY) or an external power meter In the
beam path and close the shutter.

2 Check the ac power line voltage; It should be
between 188 and 228 V; extended operation
near the |lmits of this range s not recom
mended.

3 Assure yourself that the green lead of +he
pover cable !s connected to earth ground .

4 Turn the coolling water supply on.

5 Move the CURRENT control fully counterclock-
wise, 1ts minlmum setting.

6 Turn the maln power on; the power supply con-
troller will ™beep®, Indlicating automatic
reset, and all LED 1Indlcators will glow
momentarily. Assure yourself that the OFF,
CURrent MODE, CURrent 60 A, LOCAL (optional),
and all three LINE indlcators remaln on; the
STATUS ERROR fndicator should be blanke The
LINE fndicators should be equally bright. If
status error 01" appears, the power lines
are out of phase; reverse any two leads at
the switch boxe

7 Wait 10 min; +the oven-regulated current and
power sensors must heat to about 55°C before
they wlll supply dependable Informatlon, and
the power supply has a butlt-In delay to
allow proper warmupe.

8 Turn the MASTER key switch ON.

9 Test the flow switch: +turn the water supply
OFF, walt 10 sec, and press the ON button;
you should not be able to close the contactor
under these conditlons. If the ON button
glows, Indicating a closed contactor, Imme-
diately shut off the power and contact your
Spectra-Physlcs service representative.

10

Restore the water supply, press the ON but-
ton, and 1f your laser Is equlpped with the
optional magnet current regulator, set the
current at about 10 A. The plasma tube willl
start automatically after about 10 sec.

11  Press the AUTO FILL ENABLE button (the auto
f1ll system 1s disabled for +the first 30
min).

12 Open the shutter; the laser beam will emerge
from the output coupler.

13 Allow the laser to warm up In the current
control mode for at least 10 min.

VERTICAL SEARCH AL IGNMENT PROCEDURE
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FIGURE 4.6: VYertical Search Technique

It your Instrument fatls 4o lase, the source of
+he problem Is probably a severely misallgned high
reflectore The following technlque allows you to
readily re—establish lasing.

Remove the top cover from the laser head and open
+he aperture fully ("12® on the scale).

Grasp the rear mirror mount near the coarse verti-
cal adjustment screw and rock the mounting plate
back and forth; simultaneously, turn the coarse
horlzontal adjustment screw to scan the high re-
ftector hortzontally. Keep rocking and scannling
until you observe a bright flash of laser tight.
When the beam flashes, stop turning the horizontat
control; then turn the verttcal adjustment until
you establish sustalned lasing.




If you turn the horizontal adjustment so far that
you are convinced that you will never achieve
lasing, turn it in the other direction, Keep
rocking the mirror mount as you turn the control,

ADJUSTMENT FOR PEAK QUTPUT POWER

Assuming the laser has been allowed to warm up
property, misalignment of the rear mirror mount is
- +he most frequent cause of low output power, The
beam must strike the mirror at right angles for
optimum performance, If the mirror is misaligned
on either the horizontal or vertical plane, or
both, laser output will suffer,

Monitor the output power with an external
meter; the power supply must be
control mode,

power
in the current

The mirror mount is designed so that both planes
can be Iindependently adjusted, insert a #23
(3/32n) driver 1in each high reflector coarse
ad justment; the optional high=resolution control
panel provides a knob for coarse vertical
ad justment,

Turn one control while observing the change in
output power, I|f the power increases, continue to
turn the control in the same direction, 1f the
power declines, turn the control in the opposite
direction,

Achieve peak power with one control before moving
Yo the other one, then peak the other control in
the same way, The adjustments may interact with
each other so you will need to repeat the proce=
dure, first with one control, then with the other,
until the highest possible output power Is
achieved,

I+ the unit stops lasing while you are turning one
of the confrols, turn it in the opposite direction
until lasing is re-sstablished, Leave the other
control alone until you get the unit lasing again,

Only adjust the high reflector to achleve peak
power, The curved output coupler should remain
stationary under normal operating conditions, If
its alignment Is disturbed, realignment may be
t+ime consuming and tedious, |f, after adjusting
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the high reflector, the output performance remains
below specification, clean the mirrors and plasma
tube windows, If this fails to restore power, the
output coupler or plasma tube, or both, may be
misaligned; go to Malntenance for troubleshooting
and alignment detalls,

WAVELENGTH SELECTION

For single-line operation the rear optics assembly
contains a prism and a flat high reflector, The.
prism disperses the laser beam, bending individual
lines according to their wavelength, A line will
oscltlate if its angle of refraction through the
prism matches the vertical rotation angle of the
prism, As you turn the vertical adjusting screw
of the high reflector mount, labeled WAVELENGTH,
the angle at which the beam strikes the prism will
change, and with it the wavelength of the oscil-
lating line,

The lines can be identified by their retlative
power, a comparison of which Is found In the
output power specifications, page 1-11, Positive
identification of weaker lines requires a spectro-
scope,

The only resolvable lines that are difficult to
distinguish are the two far red Krypton lines,
793.1 -nm and 799,3 nm lie In a region where the
dispersion of the prism is declining, and since
the eye is relatively insensitive to these wave-
lengths, you will be unable to distinguish the
Iines by either the change in color or brightness
t+hat occurs when tuning from one to the other, To
separate the lines, use a grating monochrometer or
an external prism capable of separating the lines
over a 2 m path,

1 your laser is equipped with the optional high=-
resolution control panel, the coupled wavelength
adjustors and display will simplify precise
tuning.

|f an external prism is unavailable, you can use a
Spectra=Physics Mode! 404 power meter, Slowly and
smoothly detune the wavelength from 799.,3 nm
toward the shorter wavelengths, The output will
fatl to 20-30% of the peak value, then It wiltl
rise slightly as the 793,1 nm line oscillates,



FINDING PEAK QUTPUT POMER MITH THE OPTIONAL MAGnet
CURrent CONTROL

Two magnet options are avallable on the Model
2020, The baslc system features a magnet that Is
wired In parallel with the plasma +tube, and
because of thls arrangement, 1ts current wlil vary
with fube voltage. Under normal operating condi-
+ions magnet current wilil be about 5 A. The high-
fleld system has a regulated high-field magnet
" that allows continuously varfabie current from 2
to 15 A.

The optical output at a given line Is directly
related to the strength of the magnetic fleld
that envelops the plasma tube discharge. Visible
argon lines perform best with a magnet current of
about 8 A. Ultraviolet Itnes require higher fleld
densitlies, which are obtalnable with a magnet cur-
rent of about 15 A, and some krypton lines yleld
optimum results when the current Is less than 8 A.

Place the laser in the current control mode.
After you tune to a given line and adjust the rear
mirror for peak output power, d1ry changing the
magnet current. Use a power meter to observe the
change In output power. Adjust the fleld for
optimum performance.

If your working output power Is less than the full
capaclty of the laser, adjust the magnet current
for its optimum value before you make the final
power setting using the CURRENT control.

"USING THE SHITTER

The Model 2020 laser Is equipped with a shutter
that blocks the Intracavity beam. Switch the
power supply to the current control mode before
closing the shutter. 1f the power supply Is left
in the power mode when the shutter Is closed, the
power control clrcult will Increase plasma tube
current fo maximum. Prolonged operation at maxi-
mum current may reduce plasma tube life.

TRANSVERSE MODES

Vartatlons In the electromagnetic fleld perpendi-
cular to the direction of travel of the wave are
called Transverse Electromagnetic, or TEM, modes.
These variations determine, In part, the power
distrlbutlon across the beam.
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Most laser appllcations require a TEMy, beam,
which appears as a round spot that is brighter iIn
the oenter than It is on Its edges (Figure 4.7).
Other modes have different Irradlance contours and
are ldentified by the number of nulls In the
Irradiance disti-ibutfon. The mode pattern for a
glven laser Is a functlion of wavelength and can be
atfected by the slize of the aperture, scratches on
the mirrors, or dust on the optical surfaces.

The aperture control allows adjustment for drue
single—-mode (TEMOO) output over a wide range of
wave lengths,. The aperture may also be used ‘o
reduce output power or, if TEMg, performance Is
not required, to Increase it.

You may find 1+ difficult to ldentify the mode of
a beam by dlrect observation; however, lenses can
be used fo expand the beam, making observation of
frradlance distribution easler.

CAUTION

The Model 2020 Is a Class 1V laser the
beam of which 1Is, by definltion, a
safety hazard. Even reflected beams can
be dangerous. Use a neutral density
attenuator for mode observations and
ad justments. Make sure the beam only
strikes low-reflectance surfaces.

Place a positive lens (focal length about 1.5 cm)
in the beam path and observe the beam, expanded ‘o
about 0.5 m, on a wall or screene Mu l+1Imode
conditions appear as complex variations 1In the
pattern. As the aperture closes, the multimode
patterns will shrink In overall diameter, and the
rapld Intensity variatlons across the beam will
disappear. TEMgy — the fdonut® mode - usually
appears; then, as the aperture tightens further,
the TEMyq condition Is established.

GAS FILL

When the plasma tube Is new, gas flll may be
required every few days of operation. After the
first few hundred operating hours, flll willl be

required only every several hundred hours.

Since gas distributlon and pressure change 'rapldly
during the first few minutes of operation, the

power supply will walt 30 min after the plasma
tube has been started, before alilowing a fIill
cycle.




Transverse Modes
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Gas Fill Algortthm

‘The algorithm maintalns the plasma tube flll pres—
sure at an optimal level. To protect the power
supply, I+ also prevents turn on if the tube pres—
sure 1s too low. Very—low-pressure tubes generate
rf feedback to the power supply and can cause
damage .

Since fube pressure cannot be measured directly,
+he controller measures three values - tube vol-
tage, tube current, and magnet currents Then It
compares the tube voltage to a lookup fable heid
in memory. Four tables are avallable, each cor-
responding fo one of the avallable tube +types:
vistble argon, ultraviolet argon, visible krypton,
and ultraviolet krypton. The controller deter-
mines f1il requirements by comparing the actusl
tube voltage with the appropriate table.

1 the tube voltage 1s less than the table value
at +the glven +tube and magnet currents, and
assuming the system Is properly warmed up, the
controller executes one fiil cycle, l.e., one
actuation of each f1l1l solenoids Filling con—
+inues untll the tube voltage equals or exceeds

the table value. Each ftll cycle takes about
64 sec.
The $111 system Is disabled 1f the AUTO FILL

ENABLE switch on +he front panel is off. However,
1 +he swltch 1s off and the pressure drops to the
danger level (4% below the optimal f111 level),
the controller will autcmatically enable the auto
111 system and begin filiing the tube. The
beeper wiil sound and the status error display
will read "69%,

Error 69 = "Low f11l 1imIt reached « » « switching
to automatic fll11."

1¥ 50 11} cycles fall to ralse the fube pressure
above the table value, the controller assumes that
+he 111 reservolr Is empty; It will cause the LOW
PRESSURE lamp to bllnk, sound the beeper, and dis—
play "70%,

Error 70 = "Fill reservolr empiy"

1f 50 fill cycles fall to ralse the tube pressure
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above the danger level, the controlier will
display "71" and shut the system down.

Error 71 = "Tube pressure too low to operate" ‘

This condltion can only be cleared by shutting off
power at the switch box, thereby resetting the

system.
When +the AUTO FILL ENABLE switch 1s on (LED
glows), filling commences automatically If +the

pressure drops below the table value.

The auto fill system Is disabled If tube voltage,
tube current, or magnet current are discovered to
be abnormal:

Error 72 = "Tube volts <100 V"
Error 73 = "Tube current <16.5 A"
Error 74 = "Magnet current <3 A"

The fi1ling system 1s disabled until 30 min after
the ON switch Is depressed to allow the gas pres-—
sure to stabtllze. The fllling system s also
disabled for +the following +wo reasons: when
elther the current or power mode LED on the front
panel 1s flashing, Indicating the system Is out of
regulation; or when error code 59 Iis displayed,

Indicating the passbank Is out of regulation. .

DIP switches on the Laser Head Controller board
ldent+ify the tube and magnet. The DIP switch
positions are sensed at Inftial turn on; there—
fore, changing switch poslitions after turn on has
no effect. This elimlnates the possibililty of
accidental overfill due to an unintentional change
in the DIP switch settings. The DIP switch con-
figuration Is shown Tn Figure B3.6.

CHANGING OPTICS
CAUTION
The optics are fraglle and cen be
damaged 1f dropped. Work over a clean,
soft surface.
The Model 2020 comes equipped with a set of mir-

rors that were designed for optimum performance
within the wavelength range specified at the time



of purchase. Additional sets of optics can be
obtalned from Specira-Physics.

The mirror mount features a bayonet receptacle for
mirror holders, providing quick access and precise
replacement for high performance without undue
adjustment., The front refiector assembly holds
the output coupler, a thin-film mirror that fis
coated to allow a few percent transmission of
desired wavelengths. The prism and broadband high
reflector assemblies hold flat mirrors coated for
high reflectance of deslred wavelengths.

Hold the output assembly vertical with the mirror
on top. Use finger cots to protect the mirror
during removal and replacement. A Specitra-Physics
part number and an arrow appears on the edge of
each mirror. Insert the mirror so that the arrow
points Into the laser cavity; Figure 4.9 identi-
fies available optics.

Always allgn your laser for peak output power
before removing any of Its optics. Remove and
replace them one at a +Ime, and repeak the power
upon replacement, adJusting only the mirror that
was removed.

Your laser will wusually operate at full power
after changing optlcs. If a significant power
loss occurs, try removing, cleaning, and replacing
the mirror again.

The output and broadband mlirror holders are
desfgned to lock In precise alignment. If you
notice that a mirror appears tiited In its holder,
I+s alignment lock Is disengaged. Try turning the
mirror and I+s spring-loaded cup untlil the locking
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mechanism snaps back In place. You won't be able
to turn the mirror and cup further, and the coated
surface wllil be perpendlicular to the long axls of
+the mirror holder. If the mirrors are clean and
locked in alignment, but the output power remains
low, go to Malntenance,.

Under normal operating condltions +the output
coupler should not need realignment atter a mirror
change. Avold tfampering with output mirror con-
trols unless you are certain that it Is mis-
allgned; realignment can be +Ime consuming and
tedious.

To reach the high reflector In the prism assembly,
unscrew the knurled retalning ring and [ift the
assembly from its protective cup. A small screw
holds the mirror-retaining spring in place; remove
i+ and Invert the assembly, dropping the mirror
onto a soft surface. Reverse the sequence to
replace the mirror.

SHUTDOWN PROCEDURE
1 Press the OFF button.

2 Turn the MASTER key swlich OFF and remove the

keye. Don*t leave the laser accessible to
people who are untrained In laser safety or
operation.

3 Turn the maln electric power off.

4 Allow cooling water to run for a few more

minutes to allow the tube to cool down.
shut off water.

Then
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. FIGURE 4.9:

fon Laser Optics Options

Wavelength Output Broadband/
Laser Model {nm} Coupler Prism HR
Sertes 2000 Argon 351.1 & 363.8 G3873-007 G3802~-016
Model 2020-03,-04,-05 457.9 ~ 514.5 G3873~006* G3802-009%*
Mode! 2025-03,-04,~05 528.7 G3861-003 63802-015
488.0 & 514,54 G3814-016 63802-009%
454.5 G3861-002 G3802-013
454,5 - 514,5152,3 3810007 G3810-005 .
454.5 = 514,5203,5 G3808-017 G3808-018
10902,6 63812~-006 63812-005
Serles 2000 Krypton 337.4 & 356.4 63873-008 G3802-016
Mode! 2020-11 406,7 - 415.4 G3873-009 63802-025
Model 2025-11 476.2 ~ 520.8 G3873-010 63802-015
530.9 - 568.2 63873-011 63802-015
647.1 ~ 676.4 G3873=012% G3873-013*
752.,5 = 799.3 G3812-014 G3812-013
Output Mirror/ Broadband Prism
Beam Splifter Holder Mirror Holder Assembly
Optics Holders 0428-5641 0428-5651 0428-6080
‘ Optical Element 60062-000 G0317-000
Wavelength Mode! 583 Model 589
Etalons (nm) Temperature Stabtllized Alr Spaced
Argon Lasers 457.9 583-53 n/a
488.0 58313 589-13
514.5 583-13 589-13
Krypton Lasers 413.1 583-53
6471 583-23

* Supplied with standard laser.

! TEM®G, multimode

2 performance not guaranteed.

3 Mode stze and divergence changs

4 Recommended for two-color LDV applicatlons.

Suppresses 488,9 nm 1ine.

Improves conversion efficlency

when etalon Is detuned to balance simultaneous 488.,0 nm and 514.5 nm single frequency operation.

‘ 5 Higher order multimode

6 Not optimlzed
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EXTERNAL CONTROL

HARDMARE REQU IREMENTS

The Model 2560 s a programmable power supply that
can be controlled either locally from buttons on
1ts front panel, or remotely from an external con—
+rol source. External control via the optional
RS232 or IEEE data links requires the presence of
* other Series 2000 accessories. In order to use
the RS232 interface, your laser must be equipped
with the Auxlliary Front Panel and the Smart Board
optionse The computer or terminal you plan fo use
must have an RS232 Interface and a standard RS$232
interface cable.

If you wish to use |EEE 488 control, you ;nus‘l' have
the following options installed In the power sup-
ply: Auxillary Front Panel, Smart Board, and an
IEEE 488 Interface Carde Also required are an
IEEE 488 bus controller, which Is any computer
having an IEEE 488 Interface and bus control capa-
btlity, and a standard {EEE 488 bus cable.

CONTROL SOURCE SELECTION

The control buttons on the Auxillary Front Panel
activate the four control sources for the power
supply. Refer fo "Operatlon: Auxiliary Controls®
for a description of the function of each bution.
The control source can be changed manually by

pressing one of the four buttons. When the active
control source Is elther RS232 or IEEE, control
can be passed from one active source to another by
one of +the following commands: LOCAL, REMOTE,
|EEE, or RS232.

For example, If SERIAL is the active controller,
and the operator enters the LOCAL command from a
computer terminal that Is connected to the power
supply through the RS232 interface, the power sup—
ply responds to the command by activating LOCAL
front panel control. At this point the power sup-
ply no longer responds to commands from the terml-
nal unttl the operator once again selects the
RS232 control source by pressing the SERIAL button
on the auxiliary front panel.

JEEE INTERFACE OPERATION
{EEE 488 Unlversal Bus Commands

The power supply has fmplemented several of the
universal bus commands that are defined by the
|EEE 488 Interface bus speclficatlon ANSI/IEEE Std
488-1978, The following table 1lists these com—
mands and describes the power supply responses to
them, Corresponding HP9836 and HPL GPIB control
commands for each operation are also showne.

HP9836

cPlB HPL BASIC
MESSAGE MNEMONIC POWER SUPPLY/IEEE INTERFACE OPERAT ION COMMAND COMMAND
REMOTE REN PUTS POWER SUPPLY INTO IEEE SYSTEM REMOTE CONTROL MODE rem 725 REMOTE 725
LOCAL GTL PUTS POWER SUPPLY INTO FRONT PANEL LOCAL CONTROL MODE lel 725 LOCAL 725
LOCAL LLO DEACTIVATES THE FRONT PANEL CONTROLS ON ALL EQUIPMENT Ilo 7 LOCAL
LOCKOUT ATTACHED TO THE IEEE BUS LOCKOUT 7

LCL REACTIVATES THE FRONT PANEL CONTROLS ON ALL EQUIPMENT let 7 LOCAL 7
ATTACHED TO THE IEEE BUS

RESPONSE SPE SEND SERIAL POLL STATUS BYTE TO BUS CONTROLLER rds (725) SPE=
TO SERIAL SPOLL(725)
POLL




IEEE 488 Control Source Selection Using the REN
Command

The remote enable (REN) command makes i+ possible
for the IEEE 488 bus controller to select Iitself
as the actlive system coniro! source whlle one of
the other sources Is active. The bus controller
should execute the following operations when 1+
wishes to +take control from another controil
sources

IEEE 488 Bus Controller
Operation

Power Supply
Response

Enable remote state for
all devices on the bus
by setting REN bus
control line true.

Address the power
supply to listen.

Select |EEE 488
control source.

Execute commands
reclieved from the
|EEE 488 bus
controller,

Run appl!lcation
programe

Send go to local (GTL)
bus message to the
power supplye

Select front
pane! control
source.

The power supply responds to the GTL bus message
only when +the bus controller has previously
enabled the bus remote state and addressed +the
power supply ‘o listen. Therefore, 1In this
sequence of operatlons, step four would have no
effect it steps one and two were not executed.

Normally, +the bus controller should relinquish
control of the power supply by sending the GTL bus
message, as step four of the sequence demon—
strates. However, 1f the bus coniroller has also
previously activated the local lockout state In
the power supply, then fo cancel local lockout and
restore front pane! control, It must set the REN
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bus control Ilne false. The local lockout state
1s discussed In detall In the next section.

Disabiing the Auxiliary Front Panel with the LLO
Command

The local lockout (LLO) bus message gives the |EEE
488 bus controller the capablllty of disabling alt
control of the power supply front panel and auxii-
fary front panel. This feature 1s usefu! 1In
applications where tt+ Is Important that the system
control source for +the power supply remain
unchangede To disable the front panel and auxil-
tary front panel contro! buttons, the bus con-
troller must first enable the bus remote state by
setting the REN bus control Itne +true, then It

must send the local lockout bus message. To
cancel the local lockout state and restore front
pane! control 1In the power supply, the bus con-

troller needs ‘o dlsable the bus remote state by
setting the REN control! line false. Some com
puters with {|EEE 488 /0 capabliities have de—
fined special system commands that activate and
clear the local lockout state. Refer to "|EEE 488
interface Programming Examples®™ later 1In this
chapter for two sample programs that demonstrate
the use of these speclal IEEE 488 bus capabili-
ttes.

Sertal Poll Status Byte

The power supply malintalns a status byte that
stores active system control source and system
fault status Information. The I|EEE 488 bus con~-
troller can read this status byte by sending the
serfal poll enable (SPE) bus message to the power
supply, Yo which +the power supply responds by
sending the status byte to the bus controller.
Typlcally, the bus controller can perform a serlal
poll by executing a single program statement. A
sample program that reads the serlal poll status
byte Is shown later In this chapter in "IEEE 488
Interface Programming Examples."” A definition of
the status byte 1Is shown 1In +the +able that
follows.




SERIAL POLL STATUS BYTE

B1T 7-msb 5 4 3 2 1 0
SYSTEM LOCAL/ LOCAL RS232 REMOTE FRONT |EEE
FAULT REMOTE LOCKOUT PANEL PANEL
STATUS
GPIB DEVICE STATE ACTIVE SYSTEM CONTROLLER
-KEY:
Blts 3 to 0 = 0001 IEEE control
= 0010 front pane! control
= 0100 remote panel control
= 1000 RS232 control
4 =0 local lockout state disabled
=1 local lockout state enabled
5 =0 device local state enabled
1 device remote state enabled
6 =0 unused
7 0 no system faults
=1 one or more system fault condittons exist

msb = most significant bit

IEEE 488 Bus Address Selection

Every device attached to +the JEEE 488 Interface
must have a unlque address that Is different from
all other addresses of devices on the bus. The
DIP switch on the I|EEE card selects the device
address for the power supply. Addresses must be
In the range of 0 to 31. The factory setting for
the power supply bus address Is 25. Refer +to
"Service and Repalr: System DIP Switch Settings®
for further Information.

RS232 INTERFACE OPERATION

The serial finterface of the power supply fIs an
R8232C compatible Interface. The RS232C Interface
standard specifles electrical and mechanical
Interface requirements, but it does not define the
exact function of all the signals used by varlous
manufacturers of sertal 1/0 devices. In order for
two devices to communicate with each other through
an RS232C data link, the optional parameters of
the iwo devices must be conflgured o match.
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Hardware Configuration

The RS232C Interface standard classifles serial
1/0 devices as elther data ferminal equipment
(DTE) or data communications equipment (DCE). The
standard Identifles the Interface connector pin
numbers used for the varlous data and control
ltnes In each type of equipment. Signal tnputs
and outputs are likely to be compatible when a DTE
device Is connected to a DCE device. |f iwo DTE
or ‘two DCE devices are connected +together, an
interface cable adaptor that crosses the data and
control signal pairs 1Is usually all +hat s
required to make the two devices compatible.

Problems usually arise when the conflguration 1s
unknown, or when the control signal and hand-
shaking requirements of each device are unknown.
Once these are determined, 1t is easy to match the
two devices to each other with an interface cable
that properly connects the data and conirol sig-
nals between theme In the power supply, hardware
Jumpers on the Smart Board provide a convenlent
way to configure the signal fIines of the RS$232
data [ink.




The power supply Is configured as a DCE device at
the factory. The following dlagram shows the
requlired Interface slgnal connectlons between the
power supply and a standard RS232 terminal. The
data link signal names refer fo the DTE.

Terminal RS232C Link Power Supply
(DTE) (bCE)

- TXD (2) <=—Transmitted Data——~—=> (2) RXD
RXD (3) <—Recolved Data -—> (3) TXD
RTS (4) <—Request to Send > (4) CTS
CcTs (5) <—Clear to Send——————-> (5) RTS
DSR (6) <_—-Da’l'a Set Ready— > (6) DTR
DTR (20) <—Data Terminal Ready——> (20) DSR

(7) <—Signal Ground > (7)
(1) <—Safety Ground > (1)
FIGURE 5.1: RS232 Cable Wiring Dlagram
Another Important hardware configuration s the
data transmission rate of the data linke Both

devices must send and recelve data at the same
speed. The DIP swltch setting on the Smart Board
is used to select one of several possible blt
transmission (baud) rates. The factory setting Is
4800 baud, and this Is the recommended setting for
use with the 2560 power supply.

Character Format Settings

There are 'three character format settings that
must be conflgured to match between the two com—
munications devices: character length, parity, and
stop blt. Most serlal 170 devices allow the user
to select these optional settings. In the power
supply the character format settings are fixed to
the following conditions:

Character length:
Parity:
Stop bits:

eight data bits
disabled
two
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All character format settings must be made In the
RS232 terminal or computer,

Data Transfer and Handshaking

The sertal interface of the power supply operates
in the full duplex mode. Thls means that data may
be sent and recelved simultaneouslty. To synchro-
nize data transmission with the RS232 controller,
the power supply uses the Data Set Ready, Clear to
Send, and Request fo Send control signals In the
manner described below. Control slgnal names
refer to the DTE.

Data Set ‘Ready - the power supply sets this line
continuousiy.

Clear 1o Send — +the power supply sets this line on
when 1t Is ready 1o recelve messages from the
RS232 controller. When the power supply s pro-
cessing previously recelved messages, It sets this
Iine off.

Request to Send - the power supply checks this
line when It has data fo send to the RS232 con—
troller. The power supply sends the data only
when the RS232 controller has set thls line on.

Echo Mode

Echo mode is a speclal feature of the RS232 serfal
Interface. The DIP switch on the Smart Board
enables or disables the RS232 Echo Mode. When It
is enabled, the power supply will "echo" back fto
the RS232 terminal all characters as they are
recelved from the terminal. This feature Is use—
ful when the control source Is a "dumb™ RS232 ter—
minal that requires characters fo be echoed back
to 1t In order to display the keyboard entries on
the terminal screen. If the RS232 conirol source
{s a computer that 1s Issulng commands to the
power supply from a program, Echo Mode must be
disabled. Refer to "Service and Repalir: System DIP
Swltch Settings" for Information on enablling and
disabling Echo Mode.




o COMMAND FORMAT FOR RS232 AND IEEE 488

When using the RS232 serlal or IEEE488 parallel
data links, you can send commands to the laser
system or ask questions about 1t+. Standard ASCHI*
characters are used to send commands and questlons
over the data link. The following pages descrlbe
the avallable commands and questions and explaln
thelr formats.

* All question and command transmissions sent from
an RS232 or IEEE control device fo the power sup—
ply must be termlinated with ASCIl carriage return
(OD hex) and line feed (0A hex) characters, which
are ldentifled In the fext as <CR> and <LF>,
respectively.

Examples:
2PHR<CR><LF> or MODE=PWR<CR><LF>
<CR><LF> = carriage return, |ine feed
All responses transmitted from the power supply to
an RS232 or |EEE control device will be terminated
with ASCII carriage return and line feed charac-

ters, e.g.,

question
2 INLK<CR><LF>

response
05<CR><LF>

<CR><LF> = carriage return, line feed

Questions and commands must be formaitted as spect-
fleds The power supply will lgnore space charac-
ters and any input in which 1+ detects an Invaltd
format. However, for the ®"CUR®", YMAGNET®, and
"PWR" commands, the power supply wlll accept data
fields from one fo four characters In length, with
or without a decimal point, e.g.,

CUR=30,<CR><LF>
MAGNET=5<CR><LF>
PWR=,7<CR><LF>
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When the Smart Board DIP switch is set o enable
the echo mode (see Flgure 8.8) each character
recelved by the the power supply will be returned
to the terminal for display. If the power supply
detects an invalld questlion or command format, I+
will return a question mark (2) to the terminal,
©eQe,

METER=POW<CR><LF> (tnvalid command from terminal)
7<CR><LF> (response to terminal)

Question and Command Format Definltions

Code .Definttion

aaa The ASCl1 representatlon of upper case
alphabet characters A o Z

A-Z The ASCI| representation of upper case
alphabet characters A to Z

n The ASCll representatlon of decimal
diglts 0 t0 9

0-9 The ASClIl representatlon of decimal
diglts 0 t0 9

h The ASC!| representation of hexadecimal
diglits 0 to F.

<CR> The ASCl| carrlage return code (0D hex)

<CR><LF> The ASCil| carrlage return and line feed
codes (0D and OA hex)

$ The ASCI1 dollar sign code (24 hex)

o - The ASCI! declmal polnt code (2E hex)

* American Standard Code for
change

Information inter-



OPERATOR INITIATED COMMANDS FOR IEEE488 OR RS232 CONTROL

' Command Data Fleld Description Example
ALARM Turns the audible warning alarm off ALARM
should 1t be on; i+ does not disable
the alarme.
BEEP Turns the audible alarm on for 0.5 BEEP
SeCe
CUR= «nnN Sets the plasma tube current In CUR=22.5
nenn amperes. Thls command 1s executed
nnen Immediately if the system is in the
nnne constant current mode; or It is

deferred until the system mode Is
switched to the current mode,.

CUR= POT Returns plasma tube current control CUR=POT
to the front panel current potentio-
meters.

DAC= d Selects computer control for seting DAC=1948

the current and power setpolnts of
the laser, and disables the front
panel pot control. The setpoint is
specified by "d" which may be a dec—
mal Integer from O to 4095, Wuhen In
current mode, the DAC=d command sel-
ects from 0 to 63,2 A of plasma cur-
rent. In power mode It selects a
corresponding output power setting
dependant on the active power range
as the followlng table Indlcates.

Range Power

o3 M 0 to 316 W
1 W 0Ot 1.0W
3H 0 to 3.16 W

10 W 0 to 10,0 W

The DAC = d command clears any com

mand entries that may have been made
previously using the CUR=n or PWR=n

commands.

FiLL= Turns the automatic gas fill mode on FILL=0ON
or offs:
ON Auto fiil mode on
OFF Auto fll! mode off

|EEE Turns over system conirsl +o the IEEE
{EEE488 bus control device.
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OPERATOR INITIATED COMMANDS FOR IEEE488 OR RS232 CONTROL

Command Data Fleld Description Example
INC Increments the front panel status INC
display to show the next active
status error number when multiple
error condltions exist,
LOCAL Turns over system control to the LOCAL
front panel.
MAGNET=  .nnn Sets the magnet current in amperes. MAG=9,50
nenn
nn.n
nnn.
MAGNET=  POT Returns magnet current control o the  MAG=POT
aux!liary panel MAG CUR
potentiometer.
METER= Selects one of elght front panel METER=VLT
meter functions:
CUR Tube Current
DRV Plasma Drive Signal (FS =5 V)
EAB EAB Signal (FS$ =5 V)
MAG Magnet Current (lgnored 1f there Is
no magnet regulator)
PBY PBY Stgnal (FS = 20 V)
PWR Output Power
REF +5 V Reference Signal (FS =5 V)
VLT Tube Volts
MODE= Selects the system operating mode: MODE=PWR
CUR Constant Current Mode
PWR Constant Power (Light) Mode
OFF Turns the tube off Tmmedlately OFF
OFF= nann Specifles the number of minutes (0000  OFF=0060
to 9999) until the tube wllt automa-—
tically turn off; specifying OFF=0000
turns the tube off immediately.
OFF= $53% Disables the automatic tube turn off. OFF=$3$%
PWR= «nnn Specifies the output power In watts, PWR=2,00
n.nn Also selects one of four power
nn.n ranges. This command Is executed
nnne. Immedtately if the constant power

mode Is active, or It Is deferred
until the system mode 1s switched to
the power mode.
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OPERATOR INITIATED COMMANDS FOR IEEE488 OR RS232 CONTROL ‘

Command Data Fleld Description Example
PWR= POT Returns output power control to the PWR=POT
front panel power potentiometer.
Does not affect the power range or
front panel meter function.

RANGE= Selects one of four power ranges: RANGE=1
0.3 W range

1 W range

3 W range

10 W range

W e

REMOTE Turns over system control to the REMOTE
remote panel.

RS232 Turns over system conirol to the RS232
RS232 interface control device.

SAVE IEEE Saves the present status of these SAVE IEEE
LOCAL system parameters In non-volatile
REMOTE memory for reactlvation as initlal
RS232 startup conditions for future system
operation.

8. tube set current

b, output set power

c. magnet set current

d. system controller (specifled in
command data fleld)

. meter function

f. power range

g. system operating mode (current or
power)

he auto fill mode (on or off)

TIME= nann Sets the 24-hour timer to the hour TIME=1330 (set
and minute specified (nnnn must be in  time to 1:30 pm)
the range 0000 to 2359).
NOTE: The 24-hour timer 1s a software
driven clock which Is typically
accurate to withlin 3 sec. in 24 hrs.
The error may Increase to as much as
3 min. per day 1f the computer
Interface Is used constantly.
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OPERATOR-INITIATED QUERIES FROM RS232 OR IEEE488 CONTROL

Query Description Response Commont
2CUR What Is the measured fube current? +nnn amperes
nenn
nNeN
NNNe
DIP1 What 1s the system controller board DIP nnn 000 to 255
switch status?
D1P2 what 1s the IEEE board DIP switch status? nnn 000 to 255
DiIP3 What is the smart board DIP switch status? nnn 000 to 255
D1IP4 What Is the laser head controller board DIP nnn 000 to 255
switch status?
DIP5 What Is the firing controller board DIP nnn 000 to 255
switch status? B
IEMPTY Is the fill reservolr empty? Y or N yes or no
IFILL Is the auto fill mode on or off? ON or on or
OFF off
IFLOW What Is the water flow rate? nen 0.0 to 5.0
gal/min
F.F Flow>5 gal/min
7INLK What Is the interlock status? nn status code

nn= 00 all Interlocks closed
01 front panel ON switch open

02 remote key switch, remote OFF switch

or remote jumper plug open
03 remote panel key switch open
04 remote panel OFF switch open
05 front panel OFF switch open
06 front panel key switch open
07 CDRH INTERLOCK plug open
08 power supply cover switch open
09 umbllical Interlock open
10 head temp, flow or cover interlock
open
11 head water temp Interiock open
12 head water flow Interlock open

13 head water temp and flow interlocks

open

14 head cover Interlock open

15 Interlock status unknown (dropout
sensed or pllot relay disabled)
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OPERATOR-INITIATED QUERIES FROM RS232 OR IEEE488 CONTROL .

- Query Description Response Comment
ZMCUR What 1s the measured magnet current? «nAN amperes
nenn
nnen
nnne
UNK unknown =~ no
magnet ragu-
lator
IMETER What 1s the front pane! meter function? aaa functlion code

aaa = CUR tube current
DRV plasma drive signal
EAB EAB signal
MAG magnet current
PBY PBV signal
PWR output power
REF +5 V rsference slignal
VLT +tube volts

IMODE What 1s the tube operatling mode? CUR current mode
PWR power mode

IMRES What Is the measured magnet resistance? nnn 000 to 299 ohm
UNK unknown = no

magnet regula-
+or or magnet
current less

than 2 A
TMYOLT What Is the measured magnet voltage? onnn volts
nenn
nnen
nnne
UNK unknown - no
magnet regu—
lator
20FFTIME How many minutes until automatic tube turn nnnn 0000 to 9999
of f? minutes
$33 34 auto turn of f
ts disabled
2ONCTL What is the system controlter status saved in 1 local
non—volatile memory? 2 remote
3 RS232
4 |EEE
20NCUR What 1Is the tube current setting status saved .nnn amperes
fn non-volatile memory? nenn
nnen
nnn.
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OPERATOR-INITIATED QUERIES FROM RS232 OR |EEE488 CONTROL

Query Description Response Comment
2ONFILL  What is the auto fiil mode on/off status ON 111 mode on
saved In non-volatile memory? OFF fill mode off
PONMAG What Is the magnet current setting status +nNN amperes
saved in non=volatile memory? n,nn
nn.n
nnn,
PONMODE  What Is the system operating mode status CUR current mode
saved In non-volatile memory? PWR power mode
20NMTR What is the front panel meter function status aaa function code

saved in non-volatile memory?

aaa = CUR +tube current
DRV plasma drive signal
EAB EAB signal
MAG magnet surrent
PBY PBY signal
PWR output power
REF +5 V reference signal
VLT +tube volts

20NPWR What Is the output power setting status saved .nnn watts
tn non-volatile memory? n.nn
nn.n
nnn,
Z0NRNG What Is the power range setting saved in 1 03 W
non=-volatile memory? 2 1 W
3 3w
4 10w
7PRES Is the tube pressure low? Y yes
N no
7PWR What is the measured output power? nnn watts
nenn
nn,.n
nnn,
TRANGE What is the power range? 1 0,3 W
2 1w
3 3W
4 10 W

5-11



OPERATOR-INITIATED QUERIES FROM RS232 OR IEEE488 CONTROL

Query Descriptlon Response Comment
2RES What Is the measured tube resistance? nnn 000 to 999Q)
UNK unknown = tube
Is off
2SETCUR  What 1s the tube current setting? +nNn amperes
nenn
nn.n
nnn.
7SETDAC  What Is the DAC setting? d 0 to 4095
7SETMAG  What Is the magnet current setting? «nnn amperes
nenn
nnen
nnne
2SETPWR  What Is the output power setting? +Ann watts
n.nn
nnen
nnne
?STATUS What Is the error code presently displayed on nn 01 to 99
the front pane! status indicator? 00 display blank
2TEMP1 What ts the measured head water temperature? nn 00 to 99°C
EE <00°C
FF >99°C
2TEMP2 What is the measured passbank water tempera-  nn 00 to 99°C
ture? EE <00°C
FF >99°C
UNK unknown 1f no
passbank
2TEMP3 . What 1s the measured SCR module air tempera— nn 00 to 99°C
ture? EE <00°C
FF >99°C
ITIME What 1s the time of day? nnnn 0000 to 2359
nn hr nn min
2VOLT What 1s the measured plasma regulator output .nnn volts
voltage? Response Is the tube voltage plus n.nn
nearly 4 V constant start ctrcult voltage nnen
drope nNNe
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‘ OPERATOR-INITIATED QUERIES FROM RS232 OR IEEE488 CONTROL

Query Description Response Conment

IWAVE What ts the wavelength setting? nnn single~line
400 to 800 nm
broadband
"300-450 nm
450~-600 nm
600-700 nm
700~-800 nm

BN -

@hhhh What is the data contained in system control- nnn 000 to 255
ler CPU memory at hexadecimal address hhhh?

IEEE 488 INTERFACE PROGRAMMING EXAMPLES
NOTE

These programming examples are written for the HP9836 computer. The
power supply has 1ts IEEE Board DIP swltch set to address 25.

Example 1

Use remote enable and go to local universal bus commands to +take control from
the active system control source, then pass control to the front panel:

. 10 REMOTE 725 {Select IEEE 488 control! source
S0 LOCAL 725 IRestore front panel control source
100 END
Example 2

Use local lockout unlversal bus command to disable front panel and auxtlfary
front panel keys, then cancel local lockout state:

10 REMOTE 725 !Select IEEE 488 control source
20 LOCAL LOCKOUT 7 {D1sable front panel keys

90 LOCAL 7 I1Restore front pane! control
100 END

Example 3

Input the serfal pol! status byte from the power supply, then test the system
fault status bit:

. 10 § = SPOLL(725) !input serlal poli status byte

20 IF BIT(S,7) THEN
GOSUB Faul+t 1Call subroutine 1f bit 7 is set
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DATA SOURCES FOR RS5232 AND IEEE 488 OPERATION ‘

Several devices within the laser system provide <h1'a‘ to an RS232 or |EEE control device. The following
table Identifies the source of response data for each of the questions allowed by the current system.

Program 12-b1+ ADC 8-bit ADC LH 8-bit ADC Non-volatile
Question Status Measurement Measurement Measurement Memory
2CUR X
2DIP1
1DIP2
“DIP3
2DiP4
DIP5
EMPTY
FILL
2FLOW X
2 INLK
IMCUR X
?METER
2MODE X
2MRES X
IMVOLT X
20FFTIME X
20NCTL
20NCUR
F0NF ILL
20NMAG
20NMODE
20NMTR
70NPWR
70NRNG
IPRES X
7PWR X
2RANGE
7RES X
2SETCUR
2SETMAG
2SETPWR
2STATUS
ITEMP1 X
ITEMP2
2TEMP3 X
2TIME X
2VOLT X
TWAVE X
e System controller ROM or RAM

XK XX X X X X

x

>

X X X X X X X X

X X X X >

pod
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SYSTEM TESTING PROGRAMS

{EEE488 Data Link Test

20 ! This program is used to test the IEEE 488 port of the Model H
30 ! 2560 ION Laser Power Supply. The program allows the operator to ask !
40 ! a question or send a command to the Power Supply. The program !
50 ! requires a working Model 2560 with a Smart Board and a IEEE488 board. !
690 ! The IEEE address of the supply is assumed to be 25. Also, the Power !
70 ! Supply’s IEEE lamp on the Auxiliary Front Panel should be lit. This !
71 ! indicates that the supply is ready to use the IEEE488 bus. !
80 ! This program was uwritten for the HP983GC desktop computer using ¢
gg z BASIC language. :
93 ! DISK FILE NAME: IEEE4S8S LATEST REVISION: 30 Mar 84 !
94 ! WRITTEN BY: Alan W. Petersen MODIFIED BY: !
95 t DATE: 30 Mar 84

100 Yemmmm e e e e e o H
110 ! Note to person who reads this program:
120 ! The symbol "!" is used to separate the
130 ! actual program statements from comments.
140 ! Anything to right of the "!" is merely
150 ! information to help you understand what
}gg : the program statement means.

10040 PRINT CHR$¢12) t This command clears the CRT screem.

1004 ! Now print a title block on the CRT.

;gggg PRINT MODEL 2560 PUHE$ SUPPLY IEEE488 DATA LINK TEST "

10111 Re_ask: !

10112 PRINT t Print a blank line.

10113 PRINT

10119 INPUT “Enter question or command: “,(C$

1012¢ ! The INPUT statement waits for the

10121 ! operator to type in a question or a
10122 ! conmand. Typical questions are:

10123 ! 2CUR. 7PWR. ?TIME, etc.

10124 ! Typical commands are:

10125 t CUR=30.5, PWR=5.0, BEEP, etc.

10126 !

}g;%? z Note: Only capital letters are recognized.
10142 IF CS[1,11="7" THEN t If first letter is "7" then the operator
10143 ! is asking a question. So ask the question
10144 ! over the bus using the OUTPUT statement
10145 ! and use the ENTER statement to receive
10146 ! the answer.

10147 1

10150 PRINT “Question: ":CS$

10152 DUTPUT 725:C$

10153 ENTER 725:Ansuwer$

10162 PRINT “Answer : *“:Answer$

10163 !

10170 ELSE ! Otherwise., if the first letter is not a
10171 ! “?2" then the operator is giving a

10172 ! command. No answer 1i1s expected so only
10173 ! use the DUTPUT statement.

10180 PRINT “Command : *:C$

10191 BUTPUT 725;:Cs

10200 END IF

10210
30000 END

GOTO Re_ask

Go to statement line "Re_ask"” to repeat.
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Question:
Answer :

Question:
Answer :

Question:
Ansver :

Command :

Command ¢

Question:
Answer :

Question:
Answer

2CUR
37.8

?MODE
CUR

ITIME
0006

METER=VLT

BEEP

ISTATUS
00

IVOLT
228,



RS232 Serial Poll Test

1D d e e o e m e ——————— ]

20 ! This program is used to read and decode the Serial Poll command of !

30 ' the Model 2560 Ion Laser power supply. It requires a working Model '

40 t 2560 with a Smart Board and an IEEE488 board. The IEEE address of the !

50 ! suppiy 15 assumed to be 25. This program was written for the HP9836 !

gg E desk top computer using BASIC language. !
1

80 ' DISK FILE NAME: Poll_Test LATEST REVISION: 20 Mar 84 !

90 ¢ WRTTTEN BY: Alan W. Petersen BY: Alan W. Petersen !

100 ' DATE: 30 Mar 84 '

R R R et it ot M

120 !

120 !

1000 PRINT CHRS(12) ! This command clears the CRT screen.

1010 PRINT ™ SERIAL POLL TEST FOR THE MODEL 2560 ION LASER POWER SUPPLY"

1020 PRINT )

1030 PRINT !

1040 Spe=SPOLL(725) ! This command sends the Ser:al Poll command

1050 t to the power supply. The answer (a number

1060 ! between 0 and 255) 1c returned and stored

1070 ! into the variable “Spe".

1080 ! *

1090 PRINT “Serial Poll Status Byte = ":Spe

1100 PRINT

1110 PRINT

1120 ! Nou it 1s time to decode the answer Spe

1130 ! into 1ts individual bits.

1150 IF Spe>127 THEN

1160 Bit_7=1

1170 ELSE

1180 Bit_7=0

1190 END IF

1191 Bite=128%Bit_7

1200 IF Spe-Bits>63 THEN ! Spe-Bits=sum of bits 0...6

1210 Bit_b=1

1229 ELSE

1230 Bit_6=0

1240 END IF

1250 Bits=Bits+B4»R1t_6&

1260 IF Spe-Bits>31 THEN ! Spe-Bits=sum of bits 0...5

1270 Bit_5=1

1280 ELSE

1290 Bit_5=0

1300 END IF

1310 Bits=Bits+32#Rit_5

1320 If Spe-Bite>15 THEN ! Spe-Bits=sum of bits 0...4

1330 Bit_4=1

1340 ELSE

1350 Brt_4=0

1360 END IF

1370 Bits=Spe-Bits-16»Bit_4

1380 ! Now the variable "Bits" contains the

1390 ! the vaiue of the Status Byte bits

1400 't 0, 1. 2, and bit 3.

1401 M

1402 ' Now 1t 15 time to decode the individual

1403 !t bits i1nto their meanings.

1405 Cs="BITS 0...3 ERROR"

1410 IF Bits=1 THEN Cs-"]EEE488"

14290 IF Bits=2 THEN C3="FRONT PANEL"

1430 IF Bits=4 THEN C$="REMOTE PANEL"™

14840 IF Bits=8 THEN C3="RS232"

1450 !

1460 Lockout$="DISABLED"

12;0 IF Bit_4=1 THEN LockoutS:"ENﬁBLED"

1480 '

1490 Local$="L0OCAL"

}g?g IF Bit_5=1 THEN Local$="$EHUTE"

1520 Faults$=""NONE"

1228 IF Bit_7=1 THEN Faults$=:0NE OR MORE FAULTS"

1 H

1550 ! Now it is time to print the true

1560 ! meanings on the CRT display.

1561 PRINT

1562 PRINT
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1563 PRINT “Status Byte = ";Spe:" means the following:"
1564 PRINT

1570 PRINT TAB(10);"Active Controller = ";C3

1580 PRINT

1590 PRINT TAB(10):"The Local Lockout is *“:Lockout$:".”

1600 PRINT

T§10 PRINT TAB(10):“The Power Supply’s IEEE card is in the “:lLocal$:" state
1620 PRINT

}ggg PRINT TAB(10):"Status Difplay Errors : *;Faults$

1650 END 1

Serial Poll Status Byte = 161

Status Byte = 161 means the following:
Active Controller: (EEE488

Local Lockout ¢ disabled

Device State : remote enabled
Status Faults ¢ one or more faults
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R$232 Data Link Test
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10220
30000

This program is used to t
ION Laser Power Supply. The
a question or send a command
requires a working Model 2560
Serial RS232 lamp on the Auxi
indicates that the supply is

This program was written
BASIC language. The program s
the Power Supply with the fol

1. Baud rate = 4800

2. 8 bits/character. (ie

3. 2 stop bits/character

DISK FILE NAME: RS232
WRITTEN BY: Alan H. Petersen
DATE: 30 Mar 84

[ . X X X X X

'
[}

'
Rs232=9 !
CONTROL Rs232,3:4800 !
CONTROL Rs232,4:3+4 :
'

PRINT CHR%(12) !

PRINT *  MODEL 2560 POWER

Re_ask : t
PRINT !
PRINT
INPUT "Enter question or c?

B R X X X X

IF CSI1,11="7" THEN

- S e s

PRINT "Question: *:iC$
BUTPUT Rs232:C$

ENTER Rs232;Ansuer$
PRINT “Answer : ":fAnsw

ELSE

P

PRINT "“Command : ":C$
BUTPUT Rs232:C%
END IF H
GOTO Re_ask !

END

est the RS232 port of the Model 2560 !
program allows the operator to ask !
to the Pouer Supply. The program !
with a Smart Board. The Pouwer Supply’s !
liary Front Panel should be lit. This !
ready to use the RS$232 bus. i
for the HPI9836 desktop computer using !
ets up the HPS836 to be communicate to !
lowing protocal: 3
1]
1
L}
1
'

no parity bit)

LATEST REVISION: 30 Mar 84
MODIFIED BY:

Note to person who reads thic program:
The symbol “!'" is used to separate the
actual program statements from comments.
Anything to right of the "!" ic merely
information to help you understand what
the program statement means.

! Nows it 1s time to set up the HP9836
! RS232 to be compatible with the Model
! 2560°s RS232 link.

Select code 9 to be known as *“Rs232".
Set baud rate = 4800 in register 3.

! Parameters stored in control register 4:

3 = 8 bits character length.
4 = 2 stop bits/character.

Now print a title block on the CRT.
SUPPLY RS232 DATA LINK TEST ™

Print a blank line.

mmand: *,C$
The INPUT statement waits for the
operator to type in a question or a
command. Typical questions are:
2CUR. 7PWR. ?TIME, etc.
Typical commands are:
CUR=30.5, PWR=5.0, BEEP, etc.

Note: Only capital letters are recognized.

If first letter is "?7" then the operator
is asking a question. So ask the question
over the bus using the OUTPUT statement
and use the ENTER statement to receive
the answer,

er$

Otheruwise, if the first letter 1s not a
*?" then the operator is giving a
command. No answer is expected so only
use the QUTPUT statement.
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Question:
Answer ¢

Question:
Answer ¢

Question:
Answer ¢

Command @

Command ¢

Question:
Answer

Question:
Answer :

TCUR
28,6

MODE
CUR

ITIME
0009

METER=VLT

BEEP

?STATUS
00

VOLT
199,




EXTERNAL CONTROL USING A RADIO SHACK TRS-80
MODEL 100 MI1CROCOMPUTER

NOTE

This program was written under a con-
tract with one of our customers. It Is
presented here as a convenlence for
those ‘interested In external control of
the Model 2020. It Is not an endorse-
ment of the Mode! 100 or Radlo Shack
products.

Connect the computer and power supply using a
"null modem® and RS232 cable assembly as described
in the TRS-80 manual.

If you use the IPL command (e.g., IPL "2020.BA™),
and 1f the program fs running when you last turned
off the computer, the program will run automati-
cally each time you turn on the computer. If 1+
falls fo run, go to BASIC and type LOAD "2020,BA";
the computer will display OK. Then type RUN. If
problems arise, refer to +he Mode! 100 manual for
detalls of IPL command usage.

Nineteen operations are avallable using function
keys F1 through F8. Pressing NEXT displays the
next set of functions.

Other commands recognized by the Mode! 2560 power
supply can be sent by typing the command and pres—
sing ENTER.

The preset operations are:
PPWR=" Type elther the desired output power or
press POT, then press ENTER. 1f you
press POT, +the POWER potentiometer on
the control pane! of the power supply
will control output power. The laser

must be In the power control mode before
thls command will be executed.

"CUR=" Type elther the desired tube current or
press POT, then press ENTER. The laser

must be In the current control mode

before this command wlil be executed.
WMAG=" Type elther the desired magnet current
or press POT, then press ENTER.
"METR®  Redeflnes the functlon keys.
cause the meter to disptlay +he

You can
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following: tube current, magnet current,
output power, tube voltage.

"™MODE" Redefines the function keys. You can
set the control mode tfo elther current
or power.

"POT® Can only be executed after the "PWR=",
"CUR=Y", or "MAG=" commands. Sends con-—
trol the laser to the relevant potentio-
meter on the control panel of the power
supply.

9OFF® Immedtately turns off +he laser; ENTER
need not be pressed.

"2PWR"® Displays output power.

n2CUR"™ Displays plasma tube current.

w2VLT" Displays plasma tube voltage.

aMCye Displays magnet current.

"IMRE"Y Displays magnet resistance.

12MTR™ Displays meter settinge.

nIMOD" Displays control mode setting.

HIWAVE. Displays wavelength 1f using prism or
displays number assoclated with power
meter sensor.

"IFLW" Displays water flow rate in gpm.

"EIL" Displays status of auto flll system.

#TIME® Displays time according to the computer

clock, not that of the power supply.
PROGRAM LISTING
10

20  *THIS PROGRAM WAS WRITTEN TO CONTROL
YTHE 2560 POWER SUPPLY VIA THE RS232

30  *REMOTE CONTROL.,
'WRITTEN BY ¢ NEAL R. STOKER

40 STAFF ENGINEER
'DATE : 12 DECEMBER 1984

50 ¢

60  *SET UP NECESSARY SCREEN PARAMETERS,
YBAUD RATES AND FILES.

70



80 CLS 510 GOTO 140

82  PRINT 520 !
84  PRINT "ENTER COMMAND" 530 ' CHANGE MAGNET INPUT
90  SCREEN 0,1 540 !
100 MAXFILES=2 550 B$=MiD$(AS$,5)
110 -OPEN "COM:78N2D" FOR OUTPUT AS #1 560 C$="MAGNET="
120  OPEN "COM:78N2D™ FOR INPUT AS #2 570 A$=C$+B$
130 ¢ 580 GOTO 600
140  'SET FIRST FUNCTION KEYS 590 ¢
150 ¢ 600 GOSUB 1250
. 160 KEY1,"NEXT"+CHR$(13) tKEYZ, "PWR="":KEY 610 GOTO 180
3,"CUR=":KEY4, "MAG=" 620 °*
170 KEY5,"METR"+CHR$(13) :KEY6, "MODE"+CHR 630 'SECOND FUNCTIOIN KEYS
$(13) :KEY7,"POT"+CHR$(13) :KEY8,"OFF"+CHRS (13) 640 !
180 ¢ 650 KEY1,"NEXT"+CHR$(13) :KEY2,"2PWR"+CHR
190 ' INPUT FIRST FUNCTION KEYS $(13) sKEY3,"2CUR™+CHRS ( 13) tKEY4, "2VLT"+CHR$ (13)
200 ! 660 KEY5,"2MCU"+CHRS (13) :KEY6, "ZMVL"+CHR
210 INPUT AS $(13) :KEY7,"?MRE"+CHR$ ( 13) :KEY8, "OFF"+CH
220 ! R$(13)
230 ' IF THEN ELSE FOR FIRST KEYS 670 °*
240 ¢ 680 ' INPUT SECOND FUNCTION KEYS
250 IF AS="NEXT"™ THEN 630 690 !
260 |IF LEFT$(A$,3)="PWR" THEN 600 700 INPUT A$
270 |F LEFT$(A$,3)="CUR"™ THEN 600 710 ¢
280 IF LEFT$(A$,3)="MAG" THEN 530 720 'IF THEN ELSE FOR SECOND KEYS
290 IF A$="METR™ THEN 340 730 ¢
300 [IF A$="MODE"™ THEN 440 740 IF AS=U"NEXT* THEN 860
310 {F A$="POT" THEN 190 750 IF A$="?PWR"™ THEN 830
320 GOTO 600 760 IF A$="2CUR"™ THEN 830
325 IF A$="OFF" THEN 600 770 IF A$=mIVLT®" THEN 1100
330 ¢ 780 IF A$="TMCU" THEN 1110
340 ‘'METER KEYS 790 IF A$="?MVL™ THEN 1120
350 ¢ 800 [F A$="IMRE"™ THEN 1130
360 KEY1,"CUR"+CHRS$(13):KEY2,"MAG"+CHR$( 810 GOTO 830
13) :KEY3,"PWR"+CHRS$ (13) s:KEY4, "VLT"+CHR$( 820 !
13) 830 GOSUB 1250
370 KEYS5,"":KEY6,"" :KEY7,"":KEYS,"" 840 GOTO 680
380 C$="METER=" 850 !
390 INPUT “METER=";B$ 860 ' SET UP THIRD KEYS
400 IF B$="" THEN 390 870 ¢
410 A$=C$+B% 880 KEY1,"NEXT"+CHR$(13) :KEY2, " 2MTR"+CHR
415 GOSUB 1250 $(13) :KEY3,"2MOD"+CHR$ ( 13) :KEY4,"2WAV"+C
420 GOTO 140 HR$(13)
430 ° 890 KEY5,"2FLW"+CHR$(13) :KEY6,"2F IL"+CHR
440 'MODE KEYS $(13) :KEY7,"T IME"+CHRS ( 13) :KEY8, "OFF"+CH
450 ! R$(13)
460 KEY1,"CUR"+CHR$(13) :KEY2, "PWR"+CHRS$ ( 900
13) $KEY3,m":KEY4,""sKEYS,"" :KEY6," " :KEYT, 910 ' INPUT KEYS
un KEYS,"" 920 ¢
470 C$="MODE=" 930 INPUT AS
480 INPUT "MODE=" ; BS 940 !
490 IF B$="" THEN 480 950 !'IF THEN ELSE FOR THIRD KEYS
500 A$=C$+BS 260 !
505 GOSUB 1250 970 IF A$=UNEXT™ THEN 140
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980 IF A$="2MTR"™ THEN 1140

990 IF A$="7MOD" THEN 1150

1000 IF A$="2WAV® THEN 1160
1010 IF A$="2FLW" THEN 1170
1020 IF A$="2FIL" THEN 1180
1030 IF A$="TIME®™ THEN 1200
1040 IF A$="OFF" THEN 1060

1050 '

1060 GOSUB 1250

1070 ¢

1080 ' REDEFINE KEYS

1090 *

1100 A$="2VOLT" : GOTO 830
1110 A$="2MCUR™ : GOTO 830

1120 A$="MVOLT" : GOTO 830
1130 A$="?MRES®™ : GOTO 830
1140 A$="IMETER" : GOTO 1060
1150 A$="2MODE™ : GOTO 1060

=21

1160 A$S="2WAVE"
1170 A$="2FLOW"
1180 A$=m2FILL"
1190 !

1200 'TIME KEY
1210 °*

1220 PRINT TIMES
1230 GOTO 930
1240 !

1250 * SUBROUTINE
1260 *

LT Y 7Y

GOTO 1060
GOTO 1060
GOTO 1060

1270 IF LEFT$(A$,1)="2" THEN 1300

1280 PRINT #1,A$

1290 GOTO 1330

1300 PRINT #1,A$

1310 INPUT #2,B$

1320 PRINT "LASER RETURNED
1330 RETURN

n.B$



and

MONITOR,

Model 2270 Connects fo REMOTE,

EXT.

FIGURE 6.1

MOD. Jacks
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MODEL 2270 REMOTE CONTROL

SYSTEM DESCRIPTION

The Model 2270 Is an optional remote control unit
that Is connected to the Mode! 2560 power supply
with a flexlble cable.

Features of the system are:

o Key Switch
o ON and OFF buttons

o Ad Justment of the current or power of the
laser

o Current or power reading from a meter

Instal latlon

There Is one (16%) cable at the back of the Model
2270. This cable houses three smailer cables
that go to the remote control plug, monttor Jack
and external modulation Jack on the rear panel of
the power supply. There 1s no power cord to the
Mode| 2270,

Install the cables according 1o the following
Insiructions. (Figure 6.1)

[imes =Ca

T

Flgure 6.2:

Remove the jJumper plug from the power supply
REMOTE Jack and plug In the corresponding
cable from the Model! 2270,

Connect the plug marked MONITOR 1o the power
supply MONITOR Jack.

Remove the jumper plug from the power supply
EXT. MOD. Jack and connect the Model 2270
plug marked EXT. MOD.

A Jumper PC board that suppllies 5 V to the
remote control 1Is shipped with +the Model
2270, The optional Smart Board also supplies
5 ¥V to the remote control. If the laser has
a Smart Board installed, the jumper board Is
not used. If the laser does not have a Smart
Board, Insert the jumper board In the connec-
tor labeled J4 Tn the card cage of the power
supply. (Figure 6.2)

tf the laser has the optional Auxillary Con-
irol Panel, select the LOCAL mode, not the
REMOTE mode.

T

Installation of the Model 2270 Juwper Board



Figure 6.3: Mode] 2270 Conirol Panel

OPERATING CQONTROLS

Meter — displays elther tube current (in current
mode), or output power (In power mode). The meter
range Is selected by the METER FUNCTION buttfons on
the power supply front panel.

Key Switch — when the power supply key switch is
on, the key switch on the remote control 1Is the
master ON switch for the system. Turning It on
enables the. ON and OFF buttons on +the remote
contfrol.

Power ON button — starts the laser and serves as
the emmission Indicator. The button glows white
as long as the laser remalns on.

Power OFF button - turns off the laser.

Control Knob — sets elther the plasma tube current
(In current mode) or the output power (In power
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mode)s The actlive mode Is selected on the power
supply front panel.

ADDITIONAL FUNCTION DESCRIPTION

Current mode - the CURRENT control knob on the
power supply establishes the minimum fube current
level possible. The Model 2270 control knob will
only allow an Increase In the tube current level
above that set by the power supply conirol knobe
It 1s not possible to decrease the tube current
level below that set by the power supply control
knob. In order to have a complete current range
ad justment at the Model 2270, the current level
se‘H'I*bng at the power supply must be turned to
minimum.

Power mode — the POWER control knob on the power
supply must also be set fo minimum to allow the
Mode! 2270 to have complete range of adjusiment.




MAINTENANCE

NOTES ON THE CLEANINS OF LASER OPTICS

lon lasers are osclllators that operate with galn
margins of a few percent. Losses due to unclean
optics, which might be negligible in ordinary
optical systems, can disable a laser, Dust on
mirror surfaces can reduce output power or cause
total fallure. Cleanliness Is essentlal, and the
maintenance techniques used with laser optics must
be applied wlth extreme care and attention +to
detall.

"Clean" 1Is a relative description; nothing Is ever
perfectly clean, and no cleanlng operation ever
completely removes contaminants. Cleaning is a
process of reduclng objJectionable materials to
acceptable levels.

Since cleaning simply dilutes contamination to the
Iimi+ set by solvent Impurities, solvents must be
as pure as posslble. Use spectroscople, electro-
nle, or reagent grade solvents, and leave as
I1ttle solvent on +the surface as possible. As any
solvent evaporates, It leaves Impuritles behind In
proportion to Its volume. Avold rewlping a sur-
face with the same swab; a used swab and solvent
will redistribute contamlination, I+ won't remove
1+,

Both methanol and acetone collect moisture during
proionged exposure fo alr. Avold storage In bot-
ties where a large volume of air Is trapped above
the solvent; Instead, store solvents In squeeze
bottles from which trapped alr can be removed.

Laser optlcs are made by vacuum—deposliting micro—
thin layers of materfals of varylng Indices of
refraction on glass substrates. 1f the surface Is
scratched to a depth as shallow as 0.01 mm, the
operating effliciency of the optical coating will
be reduced significantly.

Stick to the following principles whenever you
clean any optical surface.

o Remove and clean one optical element at a
time. If all of the optics are removed and
replaced as a group, all reference polnts
will be lost, making reallgnment extremely
difficult,

o Work In a clean environment,
covered by a soft cloth or pad.
o Wash your hands thoroughly with liquld deter~

over an area

gent, Body olls and contaminants can render
otherwlse fastidious <cleaning practices
useless,

o Use dry nitrogen, canned alr, or a rubber
squeeze bulb to blow dust or iint from the
surface before cleaning with solvent. Perma-
nent damage may occur If dust scratches the
glass or mirror coating.

o Use spectroscoplc, electronic, or reagent
grade solvents. Don't try to remove conta-
mination with a cleaning solvent that may
leave other Impurities behind.

o Use photographic lens tissue 1o clean optics
and plasma tube windows; use each plece only
once. Dirty tlssue merely redisiributes con—
tamination, it doesn't remove it.

CLEANING PRISMS AND MIRRORS
Equipment Required

o dry nitrogen, canned alr,
bulb

or rubber squeeze

<) photographic lens tissue

o spectroscopic grade acetone
] forceps

o hemosta+t

FIGURE 7.1z

Cleaning the Mirror Surface



FIGURE 7.2: Serles 2000 Single—iine Prisa Assosbly
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Remove the mirror assembly from Its mounting
plate.

The broadband high reflector can be cleaned
without removing It from Ifs hoider. All
other mirrors must be hand—held; use finger
cots for protection.

Hold the mirror horizontal with Its coated
surface up and squeeze a drop or two of ace-
tone onto it. Place a plece of lens tissue
on the wetted surface and gently draw It
across to remove dissolved contamlnants.

If the mirror 1s an output coupler, Invert It
and repeat, cleanling the second surface,

Reinstall the mirror and adjust the mirror
mount for peak output power.

Cleaning the Prism Assecmbly

1

Unscrew the retalning ring and t1ft the prism
mount from Its protective cup.

A small screw holds the mirror-retaining
spring In place. Remove It and Invert the
assembly, dropping the mirror onto a soft
surface.

Clean the mirror as described above.

Remove the prism shield but leave the prism
alone; I+ can be cleaned In Tts mount.

Blow dust particles or
nltrogen or alr.

Iint away using
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Fold a plece of lens +tissue Into a pad about
{1 cm on a side and clamp It In a hemostat
(Figure 7.3). Saturate the pad with acetone,
shake off the excess, resaturate, and shake
againe

Wipe one surface - bottom to top = In a
single motfon., Be careful that the tip of
t+he hemostat does not scratch the surface.
Repeat the operatlon with a clean tissve on
the second prism surface.

A clean prism surface wlll scatter llttle or
no |ight when the laser Is operating.

Relnstall the prism assembly and adjust the
vertical and horizontal! mirror mount controls
for peak output power.

FIGURE 7.3:

Lens Tissue Folded for Prisa
Cleaning



SERVICE & REPAIR

DANGER: LASER RADIATION

The followlng procedures require removal
of the laser head cover and defeat of
Its safety Interlock. Dangerous laser
radiation 1Is accesslble when cavity
seals are pulled back; therefore, permit
only +ralned personnel to service and
repalr your laser system.

The Mode| 2020 resonator is designed so the center
of the aperture and the centers of the front and
rear mirror mounts I[le on the same llne, the reso~
nator axis. in order for the laser 1o provide
optimum performance, three conditions must be met:

c the tIne defined by the plasma tube bore must
be centered on the resonator axls;

o) the flat high reflector must be perpendicular
to the resonator axls;

o the center of curvature of the output coupler
must be on the resonator axis.

Your laser is factory allgned and, under normal
operating conditlons, should only require the pre—
ventive practices described in Malntenance to meet
Its performance specifications. |f you discover a

Output Coupler

Plasma Tube Bore

stgnificant drop In power that can't be restored
by mirror cleanling, the source of the problem Is
probably one of the followling:

o unclean plasma tube windows,
o misaligned optlcs,
o misaligned plasma tube.

The procedures in this sectlon allow you to solve
these problems, thereby returning your laser to
optimum performance. They are provided In the
order in which you should perform thems The most
probable cause of poor performance Is contaminated
optlics; therefore, they should be cleaned before
you try anything else. [If the problem persists
after cleaning the mirrors, clean the plasma tube

windowse Then allgn the optics, If necessary,
Finally, if all else falls, align the plasma
tube.

These procedures are progressive In nature; if you
achleve success at the end of one procedure, you
don't need to go on to the next.

If the laser has been cleaned and allgned and you
are sure that I+ Is producing maximum power, but
1+s performance remalns beldv( speclflcation, call
your Spectra-Physics service i"epresenfaflve.

High Reflector

Aperture

Resonator Axis

Center of Curvature

FIGURE 8.1: Schematlc Representation of ideal Resonator Alljﬁ n‘l'

8-1



CLEANING PLASMA TUBE WINDOWS o

This is a progressive procedure designed fo enable
you to remove even the most stubborn contaminating
flimse |f you achleve success before you complete
all of the steps, those that remaln are optional.

Oak!lte 33™, manufactured by: '
Qakite Products, Inc.

50 Valley Road
Berkeley Helghts, New Jersey 07922

Use compressed alr or dry nitrogen to blow
dust particles and 1int away.

Having begun a numbered step, be sure you follow Procedure
t+ through to completion. Fallure to do so may
leave additional contamination on +the window 1
surface.

2

DANGER: LASER RADIATION

The following sequence requires removal
of the laser head cover and defeat of
its safety Interlock. Dangerous laser
radiation 1Is accessible when cavity
seals are pulied back; therefore, permit
only tralned personnel ‘o clean plasma
tube wlindows.

3
Equipment Required
forced alr supply or dry nitrogen
photographic lens fissue
cotton swabs 4

hemostat
detonized or distilled water
hydrogen peroxide (Hp0,), 5% solution
prerinse solution, composed of:
1 part nifric acid (HNO3)
19 parts delonized water
17 parts methanol (CH30H) 5
o Calclum Carbonate (CaCOS) - primary standard
powder, . 600+ mesh = per American Chemical
Socliety specifications
Mallinckrodt 4071, 4072 or equivalent
o Micro Detergent™, manufactured by:
International Products Corporation
P«0. Box 118
Trenton, New Jersey 08601
) three empty bottles to hold the cleaning
solutions {isted below 6

0 0 00 0 0O

A ki1t comprising the above materials Is avallable
from Spectra-Physics (part number 0000-0013),

Cleaning Solutlons Required
o spectroscoplic grade acetone (CH3COCH3)

o spectroscoplic grade methanol (CH;OH)
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Fold a plece of lens tissue into a pad about
1 cm on a side and clamp 1+ In a hemostat
(Figure 7.3). Saturate the pad with metha—
nol, - shake off +the excess, resaturate, and
shake agaln.

Wipe the window with a single sthroke from
bottom to top. Most contamination can be
removed with this step alone.

Fold another tissue and saturate It with ace—
tone, as above. Wlipe the window again,

Follow the acetone with a methanol wipe usling
a clean tissue pad.

Saturate a cotton swab with 5% hydrogen per-
oxlde; use a clrcular motlion to clean the
entlire window surface,.

Follow the peroxide with a methanol wipe
uslng a clean tissue pad.

Saturate a cotton swab with Oaklte 33™; use a
circular motlon to clean the entlre window
surface.

Rinse using a fresh cotton swab and delonlized
water; repeat three tlimes.

Follow the delonlzed water with a methanol
wipe using a clean tissue pad.

Use a cotton swab to wet the entire window
with prerinse solution, Dip the swab, wet
with prerinse, lightly Into calcium carbonate
powder; the resulting paste should have the
consistency of toothpaste. Scrub the window
surface, using a clrcular motion, for about
30 sec.

Dip a dry cotton swab In the calcuim carbo-.
nate powder and scrub the window agaln. The




additional powder will dry the paste rematl-
ning from the previous step.

Rinse with a cotton swab saturated with pre-
rinse solution.

Saturate a cotton swab with Micro Detergent™
and clean the mirror surface using a clrcular
motion.

Rinse the surface three times using cotton
swabs saturated with delonized water.

Follow the delonized water with a methanol
wipe using a clean tissue pad.

MIRROR ALIGNMENT

Patience and attentlon fo detall are required to
assure proper allignment. First, the laser must
be tuned for apparent peak power. Then the beam
must be "walked" along the paralie! mirrors until
you have satlsfled yourse!f, by +rial and error,
that no additional power can be coaxed from the
unit.

AdjJusting the Mirrors for Apparent Peak Power

Insert a #23 (3/32") driver In the coarse horlzon-
tal and vertlcal mirror controls on the high ref-
lector mount. (If your laser 1s equipped with the
high-resolutton control panel, I+ has a coarse
vertical adjusting knob). Monltor +he output
povwer while you turn one control, moving 1+ back
and forth until the output Is at its peak. Then
adJust the other control. Repeat the adjustments,
first turning one control, then the other, back
and forth until +the power reaches I+s peak.
Repeat with the fine mirror adjustments. Make a
note of the output power.

“Walking the mr'rors" to Assure Peak Power

s —1]

FIGURE 8.2: Misaligned Mirrors Allow Lasing at
" Reduced' Pover
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Figure 8.2 tllustrates an arrangement of cavity
mirrors that will allow fasing, but with reduced
output. A slight til+ of the high reflector com—
pensates for a similar +11+ of the output coupler.
The resulting beam Is skewed with respect 1o the
resonator axls and the plasma tube bore. Under
these conditions the laser can be “peaked", but
the output will be less than optimum because part
of the beam Is obstructed by the bore walls.

Walking the mirrors Is a trial and error procedure
that assures optimum mirror alignment. The goal
{s fo allgn the intracavity beam with the resona-
tor axis by making small adjustments of the high
reflector and matching them with adjusiments of
the output coupler. By observing the change In
output power as you move the mirrors, you wlil
find the optimal allgnment positions.

Once +the high reflector has been peaked, detune

one of Its coarse controis untll the output Is
about half its peak value. Move to the other end
of the laser and tfurn the corresponding output

coupler control In the same direction.

Be carefull Use the same controls on both ends of
the laser and turn them the same direction: If
you turn the high reflector vertical control
clockwise, turn the output coupler vertical con-
trol clockwise (keeping the same polnt of view).
If you lose lasing, reverse the dlrection of
mirror movement until lasing Is restored.

Observe the change In ocutput power as you turn the
output coupler conirol; If the output peak exceeds

the original value, walk the mirrors in the same
direction again. Repeat untl! the power reaches
Its peak. ‘

It the output falls to reach the original value,
return both controls to thelr origlnal positions,

Adjust the high reflector for peak power.

Walk the mirrors with the other palir of conirols.
if you first walked the vertical mirror controls,
do the same with the horizontal controfs or vice-
versas

Remember, always walk the mirrors in the direction
of fincreased output power; 1f the power starts o
declline, go the other way. And always find +he
peak power with one set of controls before moving
to the other set; finlsh with the vertical con—



trols before you move the horizontal controls and
vice versa. Always readjust the high reflector
for peak power before changing from one set of
controls to the other.

Repeat the walking process several times, first
with one set of controls, then with +the other.
Continue until the output power 1s as high as I+
can goe.

- PLASMA TUBE AL IGNMENT

iy
1

FIGURE 8.3:

Misaligned Plasma Tube Allows
Lasing at Reduced Power

Flgure 8.3 illustrates two arrangements In which
the plasma tube Is misaligned with respect to the
resonator axIs. In the first, the tube s skewed
and the mlrrors have been allgned to compensate.
In the second, the cavity mirrors are aligned for
optimum output but the tube Is skewed. Both prob—
lems cause a power loss, the first because the
beam does not travel through the osnter of the
aperture; closing I+ will cause a slgnificant loss
as the aperture wheel partlaily obsiructs +the
beam. The .second because the beam Is partially
obstructed by the bore walls.

The following procedures center the plasma tube
bore on the resonator axls, thereby enablling the
laser to produce maximum output power. Use an
external power meter to monitor the allignment of
the plasma tube.

DANGER: HIGH VOLTAGE AND CURRENT

The locking screws described below lle
dangerously close to the anode and
cathode termlnals, and thelr woltage and
current levels are lethal. Be sure to
shut the system down before attempting
to loosen the magnret mounting screws.
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Remove the front and rear cavity seals. Tighten
all elght adjusiment screws (Figure 8.4) -agains+
the magnet carrtage, then loosen the locking
screws at each end of the carrlage.
DANGER: LASER RADIATION

The following sequence requires removal
of the laser head cover and defeat of
its safety Inferlock. Dangerous laser
radiation 1Is accessible when cavity
seals are pulled back; therefore, permit

only +trained personnel to align the
plasma tube.

Start the laser. Then adjust the horlzontal posi-
tlon of the cathode end, working one adJusting
screw against the other, until you achieve maximum
output power. Then move 1o the anode end and
repeat, adjusting Its horizontal position,
AdJust the vertical position of the anode end for
maximum power, then move to the cathode end and
repeat.

Repeat the adjustment sequence until no further
Increase In power occurs: the plasma tube align~
ment Is "peaked",

Reduce the current to the lowest value +that will
still allow lasing and observe the position of the
beam on the high reflector. If the beam is not
centered, move It by walking the mirrors. Deter-
mine the axls, elther horizontal or vertical,
along which the beam must travel and adjust the
appropriate controls. Monitor the ocutput power as
you walk the beam toward the center of the mirror,
{f the power drops significantly, adjust the tube
position to repeak the output power.

Tube and mirror adjustments Interact with one
another, so you will probably find 1+ necessary to
repeat the sequences several times, first walking
the mirrors, then moving the tube, then walking
the mirrors agaln, « « « « After several 1tera-
tlons you will reach a point where the last pos—
sible milliwatt has been coaxed from the laser.

Aligning on the Aperture

This sequence Insures that the beam will travel
dlrectiy through the center of the aperture, which
is mounted between the plasma tube and the output
coupler. It Is different from the factory align-
ment procedure, which requires speclal fixtures
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Cathode End

Anode End

Plasma Tube Alignment Adjusiments

FIGURE 8.4:
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and tools that keep the beam in the center of the
high reflector as well. Since It does not tInsure
precise centering on the high refiector, +the
Interchangeabli!lity of single-line prisms may
suffer. You may also notlice a sllight overall
power losse

Clean the plasma tube windows; an acetone wlipe
followed by a methano! wipe should be sufficlent
(see "Cleaning Plasma Tube Windows" for detalls).

NOTE

Because thermal effects in Intracavity
spaces affect +the beam, +this final
cavity allgnment sequence should be done
with +the cavity 1In 1Its operating
conditfon. That Is, If you pian to run
1+ open, align it open; 1f It wlll be
sealed, allgn It that way. Before you
install the cavity seals, however, check
the position of the beam as 1t enters
the high reflector mirror mount. I+
should be as close to the center of the
opening as posslible.

If your laser will run with a cavity
purge system, align with 11+ running.

Adjust the high reflector to peak the output
power; don't move anything else. Make a note of
the maximum power.

Close the aperture until the power drops to less
than haif the peak value, then repeak the output
power using only the high reflector adjustments.

Open the aperture to its maximum and make a note
of the output-power. |f the beam Is centered on
the aperture, the new output value should be at
least 97% of the old value; 1f 1t is, turn to
“Magnet Lockdown".

If the new output value Is less than 97% of the
old vatue, contlnue as follows:

Use the rear mirror adjustments fo repeak the
output with the aperture wide open; make a note of
the value.

8-6

Close the aperture until the power drops to less
than half the peak value, then use the rear mirror
ad Justments to repeak the output.

Open the aperture wide and adJust the tube
position for peak power; make a note of the
OU*PU*O

Close the aperture until ithe output drops 50% and
repeak the hlgh reflector. Open the aperture wide
and check the output. If the second value is at
least 97%¢ of +the first, +turn ‘o "Magnet
Lockdown®.1f It is less than 97%, repeat the above
allgnment sequence.

Continue +the check~and-align procedure untill the
beam Is contered on the aperture, then proceed to
"Magnet Lockdown®,

MAGNET LOCKDOMWN

Once the pasma tube and mirrors are allgned, the
magnet/tube assembly can be locked into Its final
position. Check the power once more before begin-
ning the locking sequence.

DANGER: HIGH VOLTAGE AND CURRENT
The locking screws |le dangerously close
to the anode and cathode terminals,
whose voltage and current levels are
lethal. Be sure to shut the system down
before approaching these screws.

Tighten the four lockdown screws in a fligure-eight
pattern so that all screws apply equal pressure at
all times.

Repeat the "Aligning on the Aperture™ checking
sequence. |f the power readings deviate by more
than 3%, loosen the magnet, repeak the plasma fube
and repeat the lockdown sequence.

As soon as you have locked the magnet down, loosen
Its horizonta! and vertical adjusting screws about
two full turns. This completes the kinematlc Iso-
latton of the plasma tube.




SYSTEM DIP SWITCH SETTINGS

Systea Controller Board DIP Swltches - control the analog board loop gain: when n=0 the galn Is maximum;
for n=7 (factory setting) It Is minimum; n = the sum of the binary diglts, e.g., n=1+2+4+40=7,

r——

ANALOG BOARD LOOP GAIN

Switch # 432
Binary weight 421

FACTORY SETTING = 7
off = logic 1
on = loglic 0

FIGURE 8.5:

System Coniroller Board DIP Switch Configuration
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Laser Head Conirollier DIP Switches - ldentify the magnet and plasma tube type: set at the factory and
should not require attention unless the plasma tube s changed.

[¢] Q
i N - .
O
TUBE TYPE
Switch #
21 Type
00 2020-03,04,05
01 2025-03,04,05
10 2020~11
11 2025~11
off = logic 1
on = loglec O
- MAGNET TYPE
oft (1) = high fleld magnet
on (0) = standard magnet

Laser Head Controiler Board DIP Switch Configuration
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Firing Controller Board DIP Swifches — adJusts the plasma fube galn to prevent oscillations when the system
operates In the constant power mode. If the fube gain Is high and the system Is not equipped with a lInear
passbank, the tube may oscliiate. To compensate, the galn can be reduced by a factor of 1, 2, 4, or 8;
the factory setting Is a 2x reductlon.

] S
— =] .

] o)
= e i - Y
i ==08

=
=l |

PLASMA LOOP GAIN (w/o passbank)

Switch # 21 Gain
Binary Weight 2 1 Factor
11 0,125
10 0,250
01 0,500
00 1,000

\
FACTORY SETTING = 0,500
off = logic 1
on = logic O

PASSBANK ENABLE

off (1) = disabled
on (0) =enabled

PLASMA SCR ENABLE

off (1) = dlsabled
on (0) = enabled

MAGNET SCR ENABLE

oft (1) = disabled
on (0) =enabled

FIGURE 8.7: Firing Controller Board DIP Switch Conflguration
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Smart Board (optional) DIP Switches - determine the serlal baud rate and enable the "echo" mode: the

factory setting Is n=6 (4800 baud), echo mode disabled; n = the sum of the blnary digits, eege,
n=0+2+440=5, ‘

Enabling the "echo® mode causes characters sent to the power supply fo be echoed back o the device that
sent them; thus a "dumb® +terminal can display keyboard characters as they are typed. Also, 1f the power
supply senses an Invalid command, 1t wiil respond with a "?". In the echo disabled mode there Is .o "2",

|

jll

R5232 BAUD RATE

Switch # 8765 Baud
Binary Weight 1 2 4 8 Rate

110
150
300

1200
2400
4800

FACTORY SETTING = 4800 baud
off = logic 1
on = logic 0

ECHO MODE

off (1) = dlsabled
on (0) =enabled

/)

FIGURE 8.8: Saart Board DIP Switch Configuration

8-10



|EEE488 Interface (optlonal) DIP Switches — determine the address of the power supply: n = the sum of the
. binary digits, e.g., n=1+0+0+8+16+0+0+0=25 (factory setting)

O HHRE

{EEEABB ADDRESS

Switch # 1234 5
Binary Weight 1 2 4 8 16

FACTORY SETTING = 25
off = loglic 1
on = logic O

' FIGURE 8.9: IEEE488 Interface Board DIP Swiich Conflguration
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CUSTOMER SERVICE

Warranty

At Spectra-Physics, we take pride in the durability of our products. Consid-
erable emphasis has been placed on controlled manufacturing methods and
quality control throughout the manufacturing process. Never-the-less, even
the finest precision instruments will need occasional service. We feel that
our instruments have favorable service records compared to competitive
products. We hope to demonstrate, in the long run, that we provide excel-
lent service to our customers in two ways. First, by providing the best
equipment for the money, and second, by offering service facilities that
restore your instrument to working condition as soon as possible.

Spectra-Physics maintains major service centers in the United States,
Europe, and Japan. Additionally, there are field service offices in major
United States cities. When calling for service inside the United States, dial
our toll-free number: 1 (800) 456-2552. To phone for service in other coun-
tries, refer to the Service Centers listing located at the end of this section.

Order replacement parts directly from Spectra-Physics. For ordering or
shipping instructions, or for assistance of any kind, contact your nearest
sales office or service center. You will need your instrument model and
serial numbers available when you call. Service data or shipping instruc-
tions will be promptly supplied.

To order optional items or other system components, or for general sales
assistance, dial 1 (800) SPL-LASER in the United States, or 1 (650) 961-
2550 from anywhere else.

This warranty supplements the warranty contained in the specific sales
order. In the event of a conflict between documents, the terms and condi-
tions of the sales order shall prevail.

The Model 2020/2025 Ion Lasers are protected by an 18-month/2000-hour
warranty. All mechanical, electronic and optical parts and assemblies are
unconditionally warranted to be free of defects in workmanship and mate-
rial for the warranty period.

Liability under this warranty is limited to repairing, replacing, or giving
credit for the purchase price of any equipment that proves defective during
the warranty period, provided prior authorization for such return has been
given by an authorized representative of Spectra-Physics. Warranty repairs
or replacement equipment is warranted only for the remaining unexpired
portion of the original warranty period applicable to the re paired or
replaced equipment.




This warranty does not apply to any instrument or component not manufac-
tured by Spectra-Physics. When products manufactured by others are .
included in Spectra-Physics equipment, the original manufacturer's war-

ranty is extended to Spectra-Physics customers. When products manufac-

tured by others are used in conjunction with Spectra-Physics equipment,

this warranty is extended only to the equipment manufactured by Spectra-

Physics.

Spectra-Physics will provide at its expense all parts and labor and one way
return shipping of the defective part or instrument (if required).

This warranty does not apply to equipment or components that, upon
inspection by Spectra-Physics, discloses to be defective or unworkable due
to abuse, mishandling, misuse, alteration, negligence, improper installa-
tion, unauthorized modification, damage in transit, or other causes beyond
the control of Spectra-Physics.

The above warranty is valid for units purchased and used in the United
States only. Products with foreign destinations are subject to a warranty
surcharge.

Warranty Return Procedure

Contact your nearest Spectra-Physics field sales office, service center, or
local distributor for shipping instructions or an on-site service appointment.
You are responsible for one-way shipment of the defective part or instru-
ment to Spectra-Physics.

We encourage you to use the original Spectra-Physics packing boxes to
secure instruments during shipment. If shipping boxes have been lost or
destroyed, we recommend that you order new ones. Spectra-Physics will
only return instruments in Spectra-Physics containers.




. Service Centers

Benelux

Spectra-Physics BV

Prof. Dr. Dorgelolaan 20
5613 AM Eindhoven

The Netherlands

Telephone: (31) 40 265 99 59
Fax: (31) 40 243 99 22

France

Spectra-Physics S.AR.L.
Z.A. de Courtaboeuf

Avenue de Scandinavie

91941 Les Ullis Cedex
Telephone: (33) 1-69 18 63 11
Fax: (33) 1-6907 60 93

Germany and Export Countries*

Spectra-Physics GmbH

Siemensstrasse 20

D-64289 Darmstadt-Kranischstein
’ Telephone: (49) 06151 7080

Fax: (49) 6151 79102

Japan (East)

Spectra-Physics KK

East Regional Office
Daiwa-Nakameguro Building
4-6-1 Nakameguro
Meguro-ku, Tokyo 153
Telephone: (81) 3-3794-5511
Fax: (81) 3-3794-5510

Japan (West)

Spectra-Physics KK

West Regional Office
Cycnas Building

2-19 Uchihirano-Cho
Chuo-ku, Osaka
Telephone: (81) 6-941-7331
Fax: (81) 6-941-2700

' * All European and Middle Eastern countries in this region not included elsewhere on
this list,
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Service Centers (cont.)

United Kingdom

Spectra-Physics Ltd.
Boundary Way

Hemel Hempstead

Herts, HP2 7SH

Telephone: (44) 1442-258100
Fax: (44) 1442-68538

United States and Export Countries*

Spectra-Physics

1330 Terra Bella Avenue

Mountain View, CA 94043

Telephone: (800) 456-2552 (Service) or
(800) SPL-LASER (Sales) or
(800) 775-5273 (Sales) or
(650) 961-2550 (Operator)

Fax: (650) 964-3584

e-mail: service@splasers.com
sales@splasers.com

Internet: www.spectra-physics.com

* And all countries not included elsewhere on this list.
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Spectra-Physics User’s Manual
Problems and Solutions

We have provided this form to encourage you to tell us about any difficulties you have experienced in
using your Spectra-Physics instrument or its manual—problems that did not require a formal call or
letter to our service department, but that you feel should be remedied. We are always interested in
improving our products and manuals, and we appreciate all suggestions.

Thank you.

From:

Name

Company or Institution

Department
Address

Instrument Model Number Serial Number
Problem:

Suggested Solution(s):

Mail To: FAX to:

Spectra-Physics, Inc. Attention: ISL Quality Manager
ISL Quality Manager (650) 961-7101

1330 Terra Bella Avenue, M/S 15-50

Post Office Box 7013

Mountain View, CA 94039-7013

US.A.

E-mail: sales@splasers.com
www.spectra-physics.com






