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A 100 J, 40 nsec Q-SWITCHED Nd/GLASS LASER
I. Introduction:

When Plasma Physics Division wanted a 100J Nd/glass laser for use
on the Laser induced Z-pinch experiment, an obvious starting point was
the collection of C, G, E., laser components which were becaming surplus
as developement proceeded on the NRL Glass Laser Facility (see for ex-

ample NRL Memo Report 3315, 1976). 1In 1971 the complete C. G. E. laser

i

osciilator‘beéame available and by continuing to use C. G. E. style
optical mounts and Laser Heads, the new Nd/glass laser was developed to
be as much as possible campatible with the NRL Glass laser.

From the beginning then, the 100J, LOnsec Nd/glass laser has re-
lied heavily on C. G. E. laser components. At first the oscillator was
the complete C. G. E. rotating prism Q-switched oscillator. Two beam
expanders and two laser amplifier heads were purchased from C. G. E. to
give the capability of delivering a 100J laser pulse. The glass rods
were chosen in accordance with experience gained on the NRL Glass Laser;
they are ED-2 glass supplied by Owens-Illinois. All the electrical
systems required to charge and fire the laser were designed and built at
NRL.

Subsequently the laser has been modified so that i) the oscillator
is Q-switched with a Pockels cell and ii) a second Pockels cell between
the amplifiers and the oscillator output mirror prevents pre-lasing in
the cavity formed between this mirror and the target.

The firing pulse circuitry is designed so that both a prepulse and

a giant pulse are produced by the same laser. This is done by simply

double pulsing the Pockel& cells,
Note: Manuscript submitted February 11, 1977.
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Presently this Nd/glass Laser is situated in Roam 147, Bldg. 101
with the control circuitry in Room 147A. Enclosed optical paths allow
the laser beam to be directed into two different laboratories, Room 145
and Room 159. Each of these rooms contains a remote control station fram
which the laser can be operated.

II. General Description:

This 100J, Lonsec Nd/glass laser consists of a Q-switched oscilla-
tor and two amplifiers. Each of these three units is of the glass rod
type and is optically pumped by one or more helical flash lamps which
surround the rod. Each rod is water cooled by a separate cooling cir-
cuit.

The oscillator is Q-switched using a Pockels cell and polarizers,
and is polarized in the horizontal plane.

II.i) The Optical Train:

The optical train for the Nd/glass laser is shown schematically in
figure 1. Items 1-7 constitute the laser oscillator. It produces a
beam of 1.06ym radiation, 12-1imm diameter containing 2-3J in a pulse ~
4O nsec wide at half maximum intensity. The oscillator can also produce
a prepulse which then shares the total energy with the main pulse.

Item (1) is a 90° retro-prism and is the total reflector at the
rear of the oscillator cavity. Item (2) is the neodymium doped glass
rod with end faces at 6° to the rod axis. The first aperture stop, (3),
is a fixed aperture of llmm diameter., There is a second off-axis aper-
ture in item (3) which allows the weak beam reflected from the face of
the oscillator rod (2) to reach the fast diode, (9). This diode is used
to monitor the shape of the pulse delivered by the oscillator.

Radiation in the oscillator cavity is polarized in the horizontal
2
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plane by the double plate polarizer, (4). Item (6) is a fast Pockels

cell and (5) is a variable aperture stop which is used to limit the
total energy given out by the oscillator at high optical pumping. Item
(7) is the partially reflecting output mirror of the oscillator cavity.
The second diode, (8), is a slow diode and is used to monitor fluore-
scence radiation at 1.06ym in the oscillator rod. The total energy
given out by the oscillator is monitored by the calorimeter, (10).

The second Pockels cell, (11), and the second double plate polar-
izer, (12), make up the optical isolator. Spontaneous emission from
the amplifier rods reflected at the oscillator output mirror, (7), is
rejected by this isolator and so is not amplified.

The first beam expander, (13), expands the oscillator output beam
by /2 so that it almost fills the first amplifier rod, (14). Both the
first amplifier rod, (14), and the second amplifier rod, (17), have end
faces at €° to their cylindrical axes as indicated. A second beam
expander, (15), expands the output from the first amplifier, (14), by
J/2 so that it also almost fills the second amplifier, The variable
aperture stop, (16), has been set to 30mm to stop damage occurring at
the edge of the output face of the second amplifier (see Section
11T 41).

Item (18) is a glass plate ~ L4.5mm thick which reflects ~ 5% of the
laser beam into a calorimeter, (19). This calorimeter monitors the
total laser output energy. The shape of the output pulse is monitored
by a second fast diode, (21) which observes scattered light from the
glass plate, (18).

This diode is necessary because the amplification of the prepulse
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is much greater than that of the main pulse, Thus typically an almost
imperceptible (éompared to the noise) prepulse as seen on the fast diode,
(9), will became a prepulse containing ~ 10% of the total energy as seen
at the second fast diode, (21).

Finally at the output end of the laser is a variable aperture stop,
(20). This aperture is set at 32mm and serves to define the beam posi-
tion and to stop any stray light.

II.ii) The Electrical Block Diagram:

The essential components of the electrical circuits for both charg-
ing and firing the Nd/glass laser are shown schematically in figure 2,
The three laser heads, the oscillator head, the first amplifier head,
and the second amplifier head, are shown spaced out along the optical
axis of the laser. Between the oscillator head and the first amplifier
head, there are the two Pockels cells, PCl and PC2.

The oscillator head contains a single helical flash lamp which is
connected to one capacitor module; Cl. The first amplifier has two
flash lamps and two capacitor modules, C2 and C3. The second amplifier
has four flash lamps and is connected to four capacitor modules, Ch =+
C7. The capacitor module Cl is charged/dumped through the connection
A'A., The two modules C2 and C3 are charged/dumped through connection
B'B. Similarly the four modules Ch-C7 are charged/dumped through the
connection C'C. In this way each head can be operated separately and
each head can be charged to a different charging voltage even though
the supply voltage is the same for all of them.

To fire the flash lamps a cammon trigger pulse is sent through

parallel cables from D' to each D separately.




LR T

The two Pockels cells PCl and PC2 are connected in series with a
50 nsec cable-length delay between them ( ~ 10m), To close the optical
switches i.e. to prevent lasing action, a slow bias pulse is applied to
both Pockels cells. Then to open the optical switches, i.e. to allow
laser action, a fast gating pulse of opposite polarity and equal mag-
nitude is sent through the two cells., This fast pulse ends in the 500
termination to which PC2 is connected. ’ ]

Safety with this laser is ensured by the interlock circuit shown
in figure 2, The interlock circuit controls the slow timer and prevents
the capacitor modules fram being activated unless all interlocks are in
the safe position. Also, if during the charging cycle any interlock

circuit is broken, the charging cycle is immediately interrupted and all

capacitor modules are grounded. This interlock circuit contains both
the laser protection interlocks on, for instance, the rod cooling system,
and personnel safety interlocks on doors, etc., Furthermore there is a
two level system of audio and visual warning devices, which signify first
that electrical power has been applied to the laser system, and at the
second level that the laser has actually been activated, i.e. the cap-
acitor modules are being charged.

As with most laser systems this lasér must be considered dangerous
whenever the capacitor modules are charged even if not all full charge!
II. iii) Mode of Operation and Typical Operating Conditions:

Before the capacitor modules which energize the flash lamps can be
charged, the interlock circuit must register in the safe position. This
requires i) the cooling water is flowing adequately through each laser

head, ii) the safety interlock at the capacitor area must be closed and




the doors to the laser room closed, and iii) the external interlocks
(Dumping buttons) in the control rooms of the two laboratories into
which the laser can be fired must be in the "safe" position.

With these conditions met, the slow timing unit (figure 2) can be
activated and the charging cycle begins. The first step in this cycle
is to remove the shorting connection from each group of capacitor mod-
uwles. Then high voltage is applied to the trigger pulse generator (22
kV) and the flash lamp capacitor modules (rising slowly to 20 kV). The
three groups of flash lamp capacitor modules, the oscillator, first, and
second amplifiers, each have their own voltage measuring circuit as
indicated in figure 2, and disconnect from the charging supply when they
reach their preset voltage.

The oscillator will lase at any voltage greater than ~ 10 kV and is
usually operated between 13 and 1k kv, rThe figures quoted here are for
the optical train shown in figure 1 i.e; with Pockels cells and polar-
izers in place, Without these items normal mode lasing occurs at < 9.0
kV.-iNormal mode lasing (non-Q-switched) begins after ~ 250usec of opti-
cal pumping with the flash capacitors charged to ~ 10.5 kV, and after
~ 160ysec with the capacitors charged to ~ 13 kV (Figures 3 and 4).

The Q-switched pulse is usually extracted after ~ 300,sec of optical
pumping from a capacitor charge of ~ 13 kV., The amplifiers show zero
gain around 5 to 7 kV and are also usually operated at 13 kV. Under
these conditions the oscillator puts out 2-3J in the Q-switched pulse,
the gain in the first amplifier is ~ 8, and the gain in the second
amplifier is ~ 4, The actual laser output beam energy after passage

through the beam splitter (18) in figure 1, can then be in excess of




100 J. ;
To prevent normal mode lasing in the oscillator, a slow bias pulse
(figure 2) is applied to the Pockels cells at the same time that the
flash lamps are fired. This is a slow rising negative pulse (figure 5)
with amplitude ~ 3:5 kV which is the x/h voltage for these Pockels cells,
In most other circumstances Pockels cells are closed using a d.c. bias ;
voltage an& such a system was initially used on this laser. However the

two Pockels cells (Lasermetrics Model 1073) failed after 90 hours and j

130 hours of operation at ~ 3¢5 kV. Upon replacing the Pockels cells,

Lasermetrics withdrew their warranty for d.c. operation and so the slow
bias pulse system was installed. In the year since installation of the
slow bias pulse, over 1000 laser shots have been fired with, so far, no
sign of damage on the Pockels cells,

To effect Q-switching in the oscillator cavity and allow the gen-
eration of a giant laser pulse, a % gating pulse is sent through the
Pockels cells from the gating pulse generator (figure 2). This pulse
is a fast rising, rectangular pulse of ~ 3.5 kV (figure 6a) and width ~
300 nsec. To lase within this 300 nsec gate the oscillator capacitor
module must be charged to = 11.5 kV. For a charge of 13 kV the growth
time of the giant pulse is ~ 150 nsec. 1In both cases the oscillator has
to be optically pumped for ~ 300usec before the Pockels cells are open-
ed,

A prepulse can be added to the giant pulse oscillator output by
sending another ~ 3¢5 kV, rectangular pulse through the Pockels cells
shortly before the 300 nsec gating pulse just described. If the first

Pockels cell pulse is only ~ 150 nsec wide the oscillator output does

7
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not have time to grow to a giant pulse. The very small ( < 200m J) pre-

pulse so produced is more highly amplified in the amplifiers than the
giant pulse and appears at the laser output with 10 or more percent of
the total output energy. With this arrangement for producing a laser

prepulse the relative size of the prepulse is controlled by the voltage

to which the capacitor module driving the oscillator flash lamp is
charged. Over the range 13 kV to 14 kV it varies from zero to ~ 50%
depending on the state of alignment of the oscillator and the clean-

= =

liness of its internal surfaces. The latter are but slow variations. '
Both fast pulses and the slow bias pulse a fed to the Pockels cells in
series through a single 50() cable. Having passed through the second

Pockels cell, the fast pulses terminate in a 500 load which is capaci-

tively coupled to the cable to avoid shorting the slow bias pulse.

A set of data representing a typical laser shot is shown in figure
7. The burn pattern was recorded by placing a piece of exposed (and
developed) photographic paper in the beam approximately 6m away from the
laser output aperture. Typically the divergence of the laser beam at
this energy (~ 100 J) is ~ 3%x107% radian. Therefore when focussed with
a 100cm focal length lens the power density is ~ 10'2 watts/cm® and with
a 10cm focal length lens ~ 10'# watts/cm?,
IITI. Optical Camponent Specifications and Detail:

The laser described in this report is not unique and does not at-
tempt to extend laser technology in any way. However for the benefit
of those wishing to use the facility or any newcomer to the field wish-

ing to duplicate the system we include the following specifications of

-
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the caomponents used.

III. i) The Optical Bench:

The optical bench used for this Nd/glass laser is a commercially
available re-inforced concrete beam, It is 15 feet long (4.5m) by 8
inches wide (20cm) by 12 inches deep (30cm) and is manufactured by York

Lintel and Cast Stone, Inc. of York, Pa, All the optical components of

the laser are attached to this optical bench which has threaded holes in

its top side (Figure 8.)

This hole configuration is the same as used by C. G. E. and allows
us to use their standard optical mount. It is also used in N. R. L.
Glass Laser Facility.

The optical bench is supported at each end by a concrete pedestal.
The pedestal at the oscillator end of the bench has a sliding contact
between itself and the optical bench and the pedestal at the output end
of the optical bench as a fixed point contact on one side of the optical
bench and a sliding contact on the other. The three contacts are ar-
ranged to give a kinematic three point suspension.

This cptical bench and mounting pedestals have been found to be
very satisfactory, with the laser remaining in stable aligmment for
many months.

III. ii) The glass laser rods:

All three glass rods used in this laser are Owens-Illinois ED-2
laser glass, This is a lithium aluminum silicate glass, doped 3.1 wt.%
with neodymium. Its most notable qualities are high efficiency, high

damage threshold, and resistance to solarization. Table 1 contains most

of the physical properties of ED-2 glass which are relevant to its use
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as o laser glass., These values are taken directly from the Owens-Ill-
inois publications.

The damage threshold of 20J/cm® for these glass rods is a conserva-
tive level below which maintenance free operation can be expected over long
periods with only the minumum attention to cleaning the glass surface.
ED-2 glass has been known to operate successfully at much higher energy
densities ( ~ 100J/cm?) so the bulk damage threshold is certainly very
high. However at energy densities above 20J/cm?, surface contamination
becames a major cause of damage and higher levels of cleanliness than
presently attainable must be maintained. (With the laser in its present
position, Rm 147 in Bldg. 101, there is probably continual contamination
of the glass surfaces with both dust and oil vapours.)

The dimensions of the three glass rods are listed in Table 2, with
the approximate energy densities at which the rods are working when the
laser output is ~ 100J. As can be seen fram this table, the only sur-
face which approaches the damage level of 20 J/cm® for damage caused by
surface contamination, is the output surface of the second amplifier.
Special care should be taken cleaning this surface and this rod needs to
be apertured down to ~ 30mm so that laser light does not reach the edges
of the output face. Because of rounding on this corner, the laser light
can be concentrated and cause local damage.

III. iii) The Laser Heads:

All three laser heads (the water-cooled optical cavities in which
the glass laser rods are held) are standard C. G. E. laser heads. The
oscillator head is a 16mm diameter, 732 head; the first amplifier is a

23mm diameter x 320mm, T23/2 head; and the second amplifier is a 32mm

10




diameter x 500mm,T32/4 head.

A schematic of one of these heads is shown in figure 9. This is the
first amplifier head (T23/2) with two flashlamps. Each head consists of
an optical cavity similar to the one shown, with the water-cooled rod
assembly running axially through the cavity. The cavity with its flash-
lamps is supported inside a light box, and the light box sits on an ad-
justable base (not shown).

By rotating the rod about its own axis the end faces of the rod can
be set in a vertical plane. Then the adjustments on the base of the
laser head allow one to move each end of the laser rod either horizon-
tally or vertically, in each case rotating about the opposite end of the
rod. Table 3 lists the number and type of flashlamp used in each laser
head and the energy delivered to each flashlamp when the laser is set to
deliver ~ 100J of laser pulse energy. Each flashlamp is powered by a
L2yF capacitor module with its own atmospheric pressure spark gap switch
(Figure 10) and 300yH inductor. The inductors are Brooks coils which
give the maximum inductance for minimum resistance ( <10 mQ), The
spark gap switches are also low resistance ( < 10 mQ) so most of the
stored electrical energy (3550J) is deposited in the flashlamps.

These units are essentially the same as those used on the N. R. L.
Glass Laser Facility and were designed under that project.

III. iv) The retro prism and oscillator output mirror:

The retro-reflecting prism, item (1) in figure 1 is a Schlieren
free fused silica roof-prism from Oriel Corp., The return ray is said
to be parallel to the incident ray within 1 sec of arc.

The oscillator output mirror is a single piece of high refractive

Il
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index glass with its two surfaces parallel to each other and polished
so that it becames an etalon. With refractive index n ~ 1.8 at 1.06um,

the Fresnel reflectance at normal incidence, is

P e e
R= (757 ) =.08.

When used as a reflecting etalon the maximum reflectance, corresponding

to the minima of the Airy formula for the transmission etalon, is

4 R
R!' = W = 0.28.

Because of the low reflectivity R, the etalon reflection is a sine

wave with amplitude 2R,
R' ~2R (1 - cos A)

where A is the optical retardation in the etalon. The thickness of the
output mirror is ~ 1mm, therefore the reflectivity R' peaks at wavelength
intervals of

A\, ~ 3x10-% ;m

and many peaks occur within the fluorescence linewidth of the ED-2
glass.
III. v) The Pockels Cells and Polarizers:

The Pockels cells, items (5) and (11) on the optical train shown
in figure 1, are Lasermetrics Model 1073 500 high speed Pockels cells.
These are single crystal KD¥P cells in a strip line assembly. They have
16mm clear aperture and are said to be good up to 300 Mwatts/cm?. As
described in Section II. (iii) we have experienced trouble with these
cells under a constant voltage of ~ 3¢5 kV. The problem seemed to be

electrode migration causing a steady decrease in the cell resistance

12
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and eventually leading to sparking inside the Pockels cell enclosure.
In the present pulsed mode of operation these cells appear to be func-
tioning satisfactorily.

Table 4 gives the relevant characteristics of these Pockels cells
as quoted by the manufacturers.

The polarizing plates used to make the polarizing units, items (4)
and (12) in Figure 1, were produced by Laser Energy Inc. of Rochester,
N. Y. They are glass plates (BK7 PH3) 75mm x 35mm x 7mm with polarizing
delectric coatings. The required angle of incidence is 62° when TP =
96% and Ts < 1%. Two plates arranged as indicated in figure 1 provide
adequate polarization to prevent normal mode lasing when crossed with
the Lasermetrics Pockels cell, and cause no offset of the laser beam.
IITI. vi) The Beam Expanders:

Two C. G. E. beam expanders are used in this laser system. They
are items (13) and (15) in figure 1. Both are 32-L5mm, ,2, 6 degree
afocal beam expanders and are mounted on C. G. E. adjustable mounts,
which are shown in detail in figure 11.

III. vii) The Calorimeters:

Two calorimeters, items (10) and (19) are permanently installed in
the Laser system. They are routinely used to record the energy from the
oscillator and the Laser output energy on every shot. In both cases the
calorimeters are calibrated to give the energy that has passed through
their respective beam splitters and not to include the extra ~ 5% that
is deflected into the calorimeter. Thus when the laser output is quoted
at ~ 100J, in fact ~ 105J cames out of the second amplifier and ~ 100J

actually passes through the beam splitter to become the Laser output

13
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beam.

The oscillator output calorimeter is a CITAS (C. G. E.) laser calor-

oy o

imeter (PS 16) and the output calorimeter is a CILAS (CGE) CG64. The
sensitivities as situated are 185,V/J and .75,V/J respectively. ;
IV. Electrical Detail and Circuit Diagrams: :F
The electrical control and operating systems for this Nd/glass
laser have all been assembled within this laboratory, mostly from com- ' L
mercially available camponents. No uniqueness nor originality is claimed
for these systems but as they are, they have given reliable service, in
most cases, for several years now.
IV. i) The Charging and Safety Interlock Circuits:
Before any part of the laser system can be activated, electrical
power must be applied to the system. Unfortunately this must be done
separately at several locations. This act turns on the water cooling

system for the laser heads, the warning lights, and all electrical

supplies except the high voltage charging units.

Now the primary control unit for both the charge/discharge cir-
cuits and the safety interlock circuits is the Slow Timer shown in
Figure 2. This unit is a seven channel Eagle Timer with a range of
approximately five minutes and is shown in detail in figure 12. Control
of the start button of the Slow Timer can be switched to Local, ie at
the Eagle Timer itself, Remote 1 (101/145), or Remote 2 (101/159).

Channel 1 in the Slow Timer is used as an internmal latch, As soon
as the start switch is closed, channel 1 closes. Then, provided the
five safety interlock circuits ( (1) through (5) in figure 12) are

closed the Slow Timer starts running. If any one of the safety inter-
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lock circuits is open, the Slow Timer cannot start., Also if any one of
these safety interlock circuits opens at any time during the charge/fire
cycle, the Slow Timer stops and immediately opens all seven timing
channels. This action renders the laser safe within a few seconds.

The five safety interlock circuits are shown ir detail in figure 13.
Circuits (1) and (3) each contain only a single switch. These are the
stop buttons on the two Remote Control panels in rooms lOl/th and 101/
159. Notice that these stop (or dump) switches remain effective even
when control of the start button is not given to that particular Remote
Control Panel. This is true of all the safety interlock circuits! Only
control of the start switch is switched from one control room to another.
Thus at any time only one Control Panel can start the Charge/fire cycle;
but any of the safety interlock circuits can stop it.

Safety interlock circuits (2) and (4) are available at Remote Con-
trol Panels (1) and (2) respectively. They are intended to be used for
door-operated switches for laboratories 101/1L45 and 101/159. However
we have so far found that passive warning devices i.e. flashing red
lights on the outside of doorways agd loud bells or sirens in the lab-
oratories, are encugh to ensure safety.

Safety interlock circuit (5) is the safety circuit for the laser
itself. Both doors to the Laser Roam (101/147) have door operated
switches on them; the three cooling water circuits for the laser rods
contain waterflow operated switches; and close to the flashlamp capaci-
tor modules there is a shorting bar ("chicken stick") which when hanging
in its proper place closes another switch,

Each of these five safety interlock circuits has a warning light so

LD
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that when any of these circuits is opened it is easily indentified.

Assuming that the safety interlock circuits are all closed and the
start switch has been pushed, the Slow Timer starts to run. After about
10 seconds timing channel II closes. This activates the dump relays
(DR-1A, DR-1B, and DR-1C) shown in figure 14 and disconnects the capaci-
tor modules from their grounding resistors. A few seconds later timing
channel III closes and activates the charge relays (CR-2A, CR-2B, and
CR-2C) which are also shown in figure 1k. Now the flashlamp capacitor
modules (indicated by C in figure 1k) are ready for charging to begin.

Timing chanmnels IV and V close. Timing channel V activates the
relay (CR-1 in figure 15) which applies the 22 kV output of High Voltage
Power Supply (2) to the 0.1 yF Trigger capacitor. Timing channel IV
switches on the high voltage circuits in High Voltage Power Supply (1)
(Figure 16). This power supply contains a motor driven variac which
gradually increases the output veltage to 20 kV.

H. V. P. S. (1) charges all the flashlemp capacitor modules in
parallel as indicated in figures 2 and 14, But each group of capacitor
modules (oscillator, lst amplifier, and 2nd amplifier) has its own vol-
tage monitoring circuit (Figures 14 and 17). The desired capacitor
charging voltages are set beforehand on the Meter Relays MR-A, MR-B, and
MR-C shown in figure 17. When the capacitor charging voltage reaches
its preset value the appropriate meter relay is activated. This acti-
vates the appropriate intermediate relay (RE-2A, B, or C) and in turn
de-activates the proper charging relay (CR-2A, B, C). So the group of
capacitor modules that has reached its desired charging voltage, is

disconnected from H. V. P. S. (1). When all three groups of capacitor
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modules have reached their respective charging voltages the laser ready
light comes onj; the counter counts once; and relays RE-1A, B, and C are
activated.

The purpose of the RE-1 relays is to protect the meter relays fram
transients produced when the flashlamps are fired. Thus when the RE-1

relays are activated the meter relays are disconnected from the capacitor

metering circuits and caused to go to full scale deflection (Figure 17).
To give adequate insulation against these transients the RE-1 relays are
immersed in transformer oil (they are small 110 v.d.c. relays with in-
sulation good to perhaps 1000 volts). Also these relays and the wires
leading to them are protected against high voltage by a neon bulb and a
spark gap as shown in figure 1L. We have found all these protective de-
vices necessary to preserve the rather delicate meter relays.

Once the three groups of capacitor modules are charged and discon-
nected from the power supply (HVPS 1), this supply "overvolts" and cuts
off.

To charge the three groups of capacitor modules to around 13 kV,
takes about 60 seconds. Timing channel VI closes about 10 seconds be-
fore the capacitors are fully charged. This activates relays in the
chart recorders (figure 18) which record the outputs of the laser calor-
imeters. The chart recorders are fram Varian Associates and have
been modified by inserting a relay in parallel with the record switch.
Each chart recorder is fed by a microvoltmeter which measures the
calorimeter output
IV. ii) The laser Firing Circuits:

With the flashlamp capacitors charged and disconnected from both
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the charging supply and the voltage measuring circuits, the Nd/glass
laser is ready to fire, As described in Section II, iii), because of

our experience with the Lasermetrics Pockels cells, these cells are not
biased continuously. Instead they receive a slow bias pulse starting
when the flashlamp switches are fired. After the predetermined optical
pumping time, a fast gating pulse of opposite polarity to the bias pulse,
opens the Pockels cells and laser action begins. ’

The flashlamp firing circuit is shown is figure 10, Although dif-
ferent flashlamps are used in the different laser heads (see Table 3),
each lamp is powered by an identical MQMF capacitor module, air-filled
spark-gap switch, and 300yH inductor (Section III, iii). To fire the
flashlamps, a trigger pulse from the master switch (MS-1 in figure 15)
is applied to the pulse transformer (shown in figure 10) on each cap-
acitor module via the connections D'D (figures 2 10, and 15),

The Pockels cells' pulse forming networks are shown in figures 19
and 20. The slow bias pulse (figure 5) is generated by the conventional
thyratron circuit shown in figure 19.

The fast rising gating pulses are generated by using lengths of
coax cable, Upon discharge these produce square pulses. The complete
circuit for producing both the prepulse and the main pulse is shown in
figure 20.

Pockels cells PC1l and PC2, are connected in series with approxi-
mately 10m (50nsec) of cable between them. Pulses coming out of PC2
pass through almost 70m of coaxial cable before reaching the 50 termin-
ator. This terminator is connected to the cable via a capacitor (5 x

104 pf) so that the fast gating pulses see the 50 terminator but the
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slow bias pulse stops at the capacitor. The 500 terminator is also a
voltage divider which allows us to monitor the gating pulses. The long
cable (70m) between the Pockels cells and the terminator was chosen de-
liberately so that any reflections caused by mismatch at the terminator
could not return to thc Pockels cells in time to influence the laser

pulse shape.

The slow bias pulse is fed to the Pockels cells through a 1k
resistor which isolates the bias pulse generator from the fast pulse
circuits., Notice the slow bias pulse is put directly on the center
conductor of the Pockels cell cable and there is approximately 10m of
cable between the pulse generating circuits and the first Pockels cell
(E€LY .

To generate the two fast gating pulses two separate lengths of RG/
8 coax cable are used. These are coiled and placed in a 19" chassis.
The 300 nanosecond main pulse requires a 34m length of cable and the 150
nanosecond prepulse requires a 17m length of cable. The outer conductors
of these cables are charged to -6.8kV through two 10M) resistors as
shown. They are also connected to ground by two RC smoothing networks
(R = 1000, C = *O3yF). These networks reduce the coupling of the slow
bias pulse on to the outer conductors of the cables to an acceptable
level. They do not affect the generation of the fast gating pulses!

Two open air spark-gaps (SG-1 and SG-2 in figure 20) are used to
start the fast gating pulses. They are each fired directly by E. G. &
G. TM-11 trigger modules. Firing SG 2 grounds that end of the outer
conductor of the 17m pre-pulse cable so causing a positive pulse on the

center conductor. The length of the pulse is the double transit time of

19




the cable ( ~ 150 nsec) and the amplitude is just half the charging
voltage. Remember that at the time SG-2 is fired SG-1 is still open
circuit.

Once the prepulse has been launched, the main pulse can be initiated
by firing SG-1. Notice now that when the main pulse arrives at SG-2,
this switch must still be conducting. Therefore the delay between the
two pulses cannot be longer than the recovery time of SG-2. But this
time is much longer than any delays of interest ( < 5 psec).

With this simple pulse generating system the only way of controlling
the relative amplitude of the laser prepulse and mainpulse, is through
the gainin the oscillator rod. This is usually done by changing the
charging voltage of the oscillator flashlamp capacitors,

The laser can be converted to single pulse output simply by short-
ing SG-2 and removing the 10M() charging resistor to the prepulse cable.

To fire the flashlamps, the slow bias pulse, and the Pockels cell
pulses; and to synchronize the Nd/glass laser with other systems re-
quires the Fast Pulse Timer, (Figure 2). This unit is shown in detail
in figure 21. The heart of the Fast Pulse Timer is an Ortec 4OlA BIN
containing a Dual Discriminator (TlOS/N), five Gate and Delay Generators
(L16A), a Gate Generator (GG202/N), and Dual Fanout (F108/N). The Dis-
criminator converts any pulse to a clean logic pulse which is used to
fire the first half (Cl) of the Gate Generator and the first Delay
Generator (Bl). Bl gives a prompt, T=0, pulse for external synchroniza-
tion. After a delay of 700,sec, Cl fires the top half (D1) of the Fanout
which in turn fires the bottom half of the Gate Generator (C2) and the

Delay Generator, B2. After a further delay of 300,sec, C2 fires the

20




bottom half of the Fanout (D2) which fires the three Delay generators
B3, B4, and BS.

An output pulse (7) from Delay Generator B2 is used to fire a slow
time baseoscilloscope to monitor the fluorescence radiation in the
oscillator rod (Figures 3 and 7). And an output pulse (8) from Delay
Generator B4 fires a fast time base oscilloscope to monitor the Pockels
cell pulses or the oscillator output (Figures 6 aad 7). The other
Delay Generator outputs feed directly into small thyratron pulse gen-
erators which convert their 10 volt outputs to 300 volt low impedence
outputs (ELl through 6). Tinally notice that all pulses into and out
of the Fast Pulse Timer go through ground loop inductors to protect
the Timer against spurious pulses.

In this way the Fast Pulse Timer generates eight output pulses
from the one input pulse. These pulses both control the firing se-
quence of the laser and allow synchronization with other systems at
different times during the firing sequence, The eight outputs are
listed in figure 21.
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Taeble I. Fhysical properties of Owens-Illinois ED-2 laser glass.

Neodymium doping

Neodymium concentration

Cross-section for stimulated emission
Fluorescence line width (at 300°K)
Specific gain

Fluorescence line width (at 300°K)
Center lasing wavelength

Demage threshold

Density

Refractive index at 1.06um

Refractive index at 6328 A°

Linear coefficient of thermal expansion

Average power input limit
(for water cooled cavities)

3.1 wt.%

2.83 X 10°° Nd ions/cm?

3.03 X 10720 cp? 4
300usec ’

0.16/cm/joule stored/cm

0.2601m ;;
1.0623um

~ 20 J/cm® in a 30 nsec pulse

2,547 g/cu?

14555

1.56k4

103 X 10°7/°¢

200 W/inch




Table 2. Dimensions of the ED-2 glass laser rods.
length diameter Energy densitye
(o ) (zm ) J/cnf
Oscillator 260 16 ~ 2
1°% amplifier 320 23 ~ 6
2" eplitier 500 30 ~ll

1. All rods have end faces cut at 6° to their cylindrical axes, with

end faces parallel to each other,

2. This is the approximate energy density at the output surface of the

rod for conditions under which the total laser output is ~ 100 J.

3. The intensity in the oscillator may be estimated as ~

I:%T s Where
R

” is the intensity caming out of the oscillator and R' is the reflec-

tivity of the output mirror (R! ~ 0,28 for the etalon reflector, Sec-

tion IIT iv).
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Table 3. Flashlamp Sp

Unit

Oscillator

15% amplifier

2" Amplifier

Table 4 Lasermetr

Aperture
Crystal

Configuration

peak Optical power

Spectral range

extinction ratio

Flashlamp Type

1-1407 (HB-12)
L-1L08 (HB-23)

1-562 (HB-19)

ecifications and Pumping energy.

No.

ics Model 1073 Pockels Cells,

16mm

KD*P

stripline

300 Mwatts/cm?

O-l# - l.3 p,m.

600:1

1/4 wave retardation voltages (kV)

@ .580um

@ .684um

@ 1.96um
(typical)

risetime

Loy KV

21l KV

3.2 kV

< 500 x 10"'2sec.

Energy/lamp

Jd
3550

3550
3550

Q-switched.
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Fig. 2 — Electrical block diagram of the Nd/glass laser
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Fig. 3 — Fluorescence in the oscillator rod during normal mode lasing.
(a) 10.5 kV, and (b) 13.0 kV. Time base 50 usec/division.
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(a) (b) (c)

Fig. 4 — Burn pattern made by the oscillator alone. (a) 11.0 kV normal mode,
(b) 13.0 kV normal mode, and (c) 13.0 kV g-switched.
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TIME (pusec)
100 200 | 300 400 500

0 k—+—+—+ —+ —
AMPLITUDE |
(VOLTS) B
4000t

<+~

Fig. 5 — The slow bias pulse for the Pockels cells. Time base 50 usec/
division, amplitude 2000 volts/division.
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.50
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d) q

TIME (200 nsec/DIV)

Fig. 6 — Pockels cell gating pulses and oscillator output. (a) 300 nsec single
gating pulse, (b) oscillator output generated by (a) (diode (9) Fig. 1), (c)
150 nsec and 300 nsec gating pulses, and (d) laser output generated by (c)
(diode (21) Fig. 1). Time bases 200 nsec/division.
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RADIUS (cm)

(50usec/DIV)

TIME (200 nsec/DIV)

Fig. 7 — A 100 J, 40 nsec laser output pulse, (a) burn pattern at ~ 6m,
(b) radial energy density distribution, (c) fluorescence radiation in the
oscillator rod, and (d) oscillator output pulse recorded by diode 9 (in

Fig. 1).
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Fig. 8 — The optical bench
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HV Cable Cover Flashlamp #2

Rir intake i

/ Sheath tube

/ Rod lock

1\
\§ A
Elevation axis Rod rotation
/ adjustment
F—’—'Coolam inlet
& ' Fluorescence
w' ) sensing photocell
/ Photocell
sensitivity
Base Reflector Flashlamp #1 Glass rod adjustment

Fig. 9 — A CILAS T 23/2 laser head




PULSE
D TRANSFORMER
._ VoY
l g FLASH LAMP
300uH L
CHARGING
VOLTAGE SG-Al
42uF =T
20kV
/77

Fig. 10 — Flash lamp capacitor module with trigger pulse transformer and
charging lead. The 300y H inductance is a Brooks coil cast in epoxy.
SG-A1, oscillator
SG-B1, and 2, 1st amplifier
SG-C1, 2, 3, and 4, 2nd amplifier.
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Fig. 11 — A CILAS beam expander and adjustable mount
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7 TIMING CHANNELS

110V A.C. e T,

: FERRED
st

STOP
MOTOR% CLUTCH m m m m m
% | 2 3 4 5
B \ N J

5 NORMALLY OPEN RELAYS
OF THE SAFETY INTERLOCK CIRCUITS
Fig. 12 — The Slow Timer Primary Control Circuit

I — Internal latch

IT — Dump switches
III — Charge switches
IV — H.V. power supply

V — Charge switch for trigger capacitor
VI — Chart recorders
VII — not used.
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DUMP (STOP) SWITCHE S
AT REMOTE CONTROL UNITS

__ain* —oN
(1) a (3) E

‘OL

IOV A C.

DOOR OPERATED SAFETY SWITCHES

——afo
(2) & (4) E

—ON
110V AC.

—oL

(o) (b () (d) (e) (f)

e G
(5) g

N
1OV A.C.
L

—o

(a) , (b)
(c) , (d)

TWO DOORS INTO LASER ROOM

» (&) COOLING WATER FLOW SWITCHES
(f) caAPACITOR SHORTING BAR SWITCH
Fig. 13 — Safety interlock circuits
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a VWV
R
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30K /77
STII
LETTER R c
OSCILLATOR | A , a |1 6 42 }
1STamp | B , b 8 84 |
2ND amp S e 4 168 ?
MQ uF

Fig. 14 — Charging, dumping and measuring circuits
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Fig. 15 — Trigger pulse generating circuit
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High voltage power supply 1

(Universal Voltronics Corp.)
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Fig. 18 — Automatic chart recorder (Varian Associates)
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