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XENON FLASHTUBES




EG&G Xenon flashtubes are efficient light sources which
convert stored electrical energy into an intense burst of
visible light and radiant energy. Their most important attri-
bute is the ability to produce high peaklightat comparatively
short flash durations with consistent reproduction. Spec-
tral quality is essentially that of daylight, encompassing the
entire visible range and extending into the ultraviolet and
infrared regions.

EG&G Xenon flashtubes can be obtained in a wide variety
of configurations to suit the application. They can be de-
signed for operation at flash rates of thousands of flashes
per second, as intense single flash sources with light out-
put ranging to tens of millions peak candlepower, and as
short arc light sources having a flash duration on the order
of one microsecond. Basic external circuit requirements
are minimal and relatively simple.

From a device initially used in photographic and strobo-
scopic applications, the Xenon flashtube has evolved into
an extremely flexible present day tool. Currently, one of its
principal applications is for laser stimulation. EG&G is
engaged in a continuing program of research and develop-
ment to meet the rapidly expanding requirements for Xenon
flashtubes in a multitude of applications.

APPLICATIONS: The versatilityof Xenon flashtubes
is evidenced by the fact that they are used in equipment
whose environment ranges from ultimate ocean depth to
outer space. Their use in scientific, engineering, industrial
and military areas is expanding, and the list of diversified
applications given below only partially illustrates their
flexibility.

Laser Stimulation = Flash Photolysis « Medical Research =
Fluor Stimulation s Semiconductor Research = Ballistic
Studies = Satellite Flashers « Marine Beacons = Aircraft
and Airport Beacons s Visual Signal Devices s Warning
Lights = Night Aerial Photography « Underwater Photog-
graphy = Production Control « High Speed Photographic
Strobe = Sensitometry s Microscopic lllumination = Film &
Paper Timing = Photographic Reproduction = Typesetting
s Readout = Training Devices = Photoetching = Ignition
Timers = Visual Strobes

For assistance with your application or for information con-
cerning special configurations, please contact Edgerton,
Germeshausen & Grier, Inc., Products Division, 160 Brookline
Avenue, Boston, Massachusetts 02215, Phone: 617-267-9700.
TWX: 617-262-9317.
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Spectra of Pulsed and Continuous Xenon Discharges™
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(Received 29 June 1965)

Spectral distributions over the range 0.35 to 1.1 u were measured for representative pulsed and continuous-
burning xenon arc lamps. Optical conversion efficiencies were computed for several spectral regions. Measure-
ments were taken at different current densities ranging from 37 A /cm? for the dc lamps to 5300 A/cm? for
the pulsed. Color and brightness temperatures ranged from 5000°K to 40 000°K. At high current densities
the xenon arc has a higher efficiency (up to 65%) and a continuum which masks its line structure.

InpEx HEeaDINGS: Color; Colorimetry; Emissivity; Infrared; Plasmas; Spectroradiometry; Ultraviolet;

Xenon.

INTRODUCTION

HE xenon arc has long been used as a powerful
source of light. More often than not, however, it
has been used without an accurate knowledge of its
spectral distribution. In photography, xenon arc lamps
have been used as daylight-equivalent sources; the
spectral match is close enough to take color pictures
without color-correcting filters. Only recently, however,
have researchers shown interest in a more precise dupli-
cation of the spectral qualities of the sun and sky.!
Laser technology has employed xenon-arc lamps as
pumping sources without a knowledge of their spectral
efficiencies within the pumping bands of the various
laser materials. The published information that exists
covers only a small portion of the spectrum? or a specific
operating condition.? Little is known or has been pub-
lished about changes in the spectral output of lamps
with different operating conditions or about optimum
conditions for a given application.

Often, spectral data found in the literature are given
in terms of radiance which is defined only over an in-
finitesimal region and is not necessarily constant over
the spatial extent of the source. The scientist, who is
interested in the spectral qualities of the light available
to his apparatus, wishes to know the total flux emitted
by the source. In practice the total flux is most easily
found if the source emits either isotropically or with
some well-known profile. Then the irradiance on a sur-
face at some distance can be measured and integrated
analytically over a sphere surrounding the source.

An instrument* has recently been developed that is
capable of making spectral irradiance measurements
whose calibrations are traceable to the National Bureau
of Standards (NBS). With the use of this instrument,
spectral measurements were made of the radiant output
of four representative xenon-lamp types: a continuously
burning arc and three flashtubes. The resulting spectro-
grams were graphed in such a way as to exemplify the
change in spectral distribution and efficiency with cur-

* This work was supported by the Aeronautical Systems Divi-
sion, Air Force Systems Command.

! Deane B. Judd ef al., J. Opt. Soc. Am. 54, 1031 (1964).

2 W. H. Parkinson and E. M. Reeves, Proc. Roy. Soc. (London)
262A, 409 (1961).

3W. J. Tomlinson, J. Opt. Soc. Am. 52, 339 (1962).

4 EG&G model 585 spectroradiometer.

rent density. CIE color coordinates were generated
from the spectra, and color temperatures were assigned.
In addition, in one specific instance, brightness tempera-
tures were also calculated.

EXPERIMENT

In the experiment, each lamp was positioned facing
the radiometer at distances which were large compared
to the size of the lamp (see Fig. 1). The source-to-
detector distance should be at least 10 times the largest
source dimension. This condition must be met in order
for the irradiance, as measured by the detector, to be
proportional to the total emitted flux. For instance, the
two-turn helical lamp shown in Fig. 2 emits almost
isotropically at large distances, while the other lamps
behave as terminated linear sources whose intensity
varies as the sine of the angle between the direction to
the viewer and the axis of the source.

The current from the vacuum photodiode detector
was amplified by a high-feedback amplifier with a stable
gain. In the case of the dc sources, the amplified current
was read directly on a precision meter. With flashtubes,
the amplified current charged a capacitor, and the meter
reading then represented the time integral of the photo-
current, i.e., the charge, which was proportional to the
radiant energy in the pulse. In evaluation of the lamps,
the monochromator slit widths were set to correspond
to 10 mu and measurements were taken at adjacent or
overlapping intervals.

The EG&G model 585 spectroradiometer used in the
experiment has a measurement range from 1.2 u in the
infrared through 0.35 p in the ultraviolet and, with some
modification, measurements can be extended further

N\
= |

F16. 1. Test arrangement sketch. G—grating; S—entrance slit;
L—lens; W—diffusing window; A—aperture; M—mirror; AB—
aberration correcting lens; E—exit slit; P—planar vacuum photo-
diode; LA—lamp; D—distance large compared to lamp
dimensions.
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Fi16. 2. Examples of tubes similar to those evaluated.

into the ultraviolet. The instrument has sufficient reso-
lution to identify and measure the energy content of
the strong, broad emission lines usually found in high-
pressure arc spectra; it is particularly useful for measur-
ing sources with strong continua.

A lens rigidly attached to the frame of the instrument
collects radiant energy from a diffusing window and
directs it through the entrance slit onto the grating of
a Bausch & Lomb high intensity, one-quarter meter
monochromator. The widths of the adjustable entrance
and exit slits are set according to manufacturer’s in-
formation, to give a triangle transmission function with
10-mp bandwidth between one-half peak transmission
wavelengths. A planar vacuum photodiode (with an
S-1 photosurface) subtends the entire exit beam. In
operation, the photocurrent from this detector gives a
measurement of the spectral radiance of the diffusing
window which, in turn, is proportional to the spectral
irradiance on the window from the source.

Calibration of the instrument was accomplished by
comparing its response to the certified spectral radi-
ances of a NBS standard lamp® (a General Electric
T4Q/1CL, 200-W quartz iodine lamp). The National
Bureau of Standards assigns 59, uncertainty to the
certification at 350 mu. This decreases to 39, for wave-
lengths longer than 500 mu. Other sources of error are
the uncertainty in setting the wavelength dial, the
variable entrance and exit slits of the monochromator,
and the drift in the response of the photocell. Of these,
the latter was the greatest. In the course of the experi-
ments, four calibrations were made to determine its
magnitude. The relative response from wavelength to
wavelength was found to vary little, while the absolute
response varied somewhat more. The combined sources
of error place the over-all uncertainty of the intensity
measurements at 109, for the shortest wavelengths and
89, for wavelengths longer than 500 mu.

The experimental lamps were of four representative

g ;6%) Stair, W. Schneider, and J. K. Jackson, Appl. Opt. 2, 1151

TasLE 1. Physical and electrical parameters for all lamps.

Spectral efficiency

0.35-0.5 0.5-0.7

Color
coordinates

0.7-0.9

Color
temperature

0.35-1.1

0.9-1.1

Total

microns

microns microns microns

Discharge time

Electrical parameters

Arc length Bore Fill pressure

Tube type

5200°K

24%  1.0%  4.6% 15.1%

1.7%

Cont.

35 A@30V
37 A/cm?

1.7 atm

1.1 cm

3.8 cm
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a Nearly isotropic source; all other lamps are line sources.



types. The first were continuously burning dc xenon
arcs similar to those used for photography or in pro-
jectors. They consist of a straight quartz tube with an
electrode sealed in at each end, and in these experiments
they were water cooled. They resemble in construction
the XFX-62A shown in Fig. 2.

The second lamp (FX-76) was a low-energy flashtube
of a type that has become popular for stroboscopy and
stop-motion photography. This lamp is unlike most
xenon flashtubes in that the arc is not confined by the
glass envelope. Generally, unconfined xenon arcs are not
stable, but this lamp employs a number of trigger
probes which initiate the arc in the same place with each
flash. The flash itself is usually of such short duration
that convection currents that would displace the arc
do not form. The energy of the flash is usually limited
to a few joules.

The third lamp tested (FX-79) was a small two-turn
helix also made from quartz tubing. This lamp differs
from the others in that it has long arc length, 15.2 cm,
in relation to its bore, 0.4 cm. It is also noteworthy in
that it is a fairly uniform isotropic source. Character-
istically this lamp discharges several hundred joules
per flash.

The fourth lamp (FX-47A) is typical of the high-
energy xenon flashtubes usually used for pumping laser
crystals or for flash photolysis. Like the dc lamps, they
consist of a quartz tube with an electrode sealed in at
each end. Generally these lamps discharge hundreds or
thousands of joules. Table T lists the physical and electri-
cal parameters for all of the lamps.

DATA

Each datum was multiplied by the instrument calibra-
tion factor. The corrected readings represent the flux
(or energy in the case of flashtubes) incident on the dif-
fusing window as a function of wavelength. The total
flux emitted in all directions as a function of wavelength
was then calculated by multiplying the sampled flux
by a constant appropriate for the type of source being
observed. The following constants were used for the
isotropic and line sources:

=47d?H (\) for an isotropic source®

P(A)=/H()x)d$

=7%d2H (\) for a line source,®’

where P()\) is the total flux emitted in all directions as a
function of wavelength and H (\) is the irradiance meas-
ured perpendicular to the source axis at a distance d.
The use of these constants introduces an additional error
in the computed total flux, but this error does not ex-
ceed 109,

¢ Parry H. Moon, T'he Scientific Basis of Iluminating Engineer-
ing (Dover Publications, Inc., New York, 1961), p. 229.

7 Moon gives total flux P=n2l .. The above equation follows
since @*H (\) = I max-.

The spectral radiant flux for each lamp was then di-
vided by its input electrical power and plotted as a
function of wavelength. The area under each of these
plots thus represents the fraction of electrical energy
converted to radiant energy. The conversion efficiencies
for several spectral bands and for a number of lamps and
operating conditions were then computed mechanically.
These results are given in Table I.

RESULTS

The normalized spectral distributions of the various
xenon lamps are presented in Figs. 3 through 8. They
are arranged in order of increasing current density,
which ranged from 37 A/cm? for the dc lamps to 5300
A/cm? for the high-energy flashtube. Figures 3 through 5
are the spectral distributions for the dc lamps with xenon
(Fig. 3), argon (Fig. 4), and xenon-argon (Fig. 5).
Figures 6 through 8 give the spectral distributions for
the xenon flashtubes.

As can be seen, the dc lamp produces a very strong
broadened line structure in the infrared. Table I shows
that this lamp is most efficient over spectral regions
which include the strong infrared lines and that it has
a total efficiency of ~189, over the spectral range
0.35-1.1 . Lamps with longer arcs and smaller bores like
the FX-62A have even higher efficiencies, approaching
30%.

The spectral distribution for the same lamp with an
argon-gas fill is similar to that for xenon, with strong
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F16. 3. Spectral emission, experimental dc lamp (1.7-atm Xe; 37
A/cm?), see also Table I. Spectral bandwidth equal to 10 mu.
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Fi1G. 4. Spectral emission, experimental dc lamp (1.7-atm Ar; 37
A/cm?), see also Table I. Spectral bandwidth equal to 10 mgu.
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F16. 5. Spectral emission, experimental dc lamp (0.71-atm Xe,
0.41-atm Ar; 47 A/cm?), see also Table I. Spectral bandwidth
equal to 10 mg.

broad lines in the infrared, but it is less intense at all
wavelengths. The same tube with an argon-xenon
mixture (Fig. 5) and with neon-argon-xenon mixtures
(not shown) also evidenced similar spectral distribu-
tions but again, intensities were much less than those
with pure xenon, even when the xenon was present in
large amounts.

The emission spectrum of an EG&G FX-76 [the
unconfined arc (Fig. 6)] shows a strong continuum
which does not obscure the line structure. This flashtube
has the highest color temperature (=40 000°K) and is
the least efficient of the xenon filled lamps.

In the case of the flashtubes, the relatively small-bore
(0.4 cm) EG&G FX-79 shows a spectrum (Fig. 7) with
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F16. 6. Spectral emission, FX-76 unconfined arc flashtube (0.71-
atm Xe, 0.12 atm H,; 2500 A, peak), see also Table 1. Spectral
bandwidth equal to 10 mgu.

essentially the same xenon lines as the dc lamps but a
much stronger continuum. At the 2870 A/cm? level, the
continuum has increased considerably in the blue and
resembles a blackbody radiation distribution. This
lamp, like most capillary flashtubes, has an inherently
higher efficiency than the continuously burning lamps.

The fourth lamp, the EG&G Type FX-47A, was
tested (Fig. 8) at two different current densities. Unlike
the other flashtubes which were excited by simple capac-
itor discharges, this tube was driven by nearly rec-
tangular 0.75-msec current pulses from a two-section
pulse-forming network. At a current density of 1700
A/cm?, the line structure is still noticeable throughout



the spectrum. However, at 5300 A/cm? the lines—which
were quite strong at low current densities—are almost
completely obscured by the continuum which has in-
creased much more in the blue than in the infrared.
The dashed lines in Fig. 8 show the spectral emission at
wavelengths below 0.35 u. Because of calibration dif-
ficulties in the ultraviolet, these measurements do not
have the same accuracy and precision as the measure-
ments made at longer wavelengths. This tube had the
highest current density of the lamps tested and was also
the most efficient. Sixty-five percent of the input energy
was converted to radiant energy in the spectral range
between 0.35 and 1.1 u. Heat-transfer measurements
have confirmed this efficiency. By measuring the heat
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Fic. 8. Spectral emission, FX-47A flashtube at two current
densities (0.4-atm Xe; 1700 and 5300 A/cm?), see also Table I.
Spectral bandwidth equal to 10 mu. Coarse broken lines are rela-
tive spectral emission of blackbodies at 7000° and 9400°K. Fine
broken lines represent measurements made in the ultraviolet and
are not as accurate as those made in the visible and infrared.

Fic. 7. Spectral emission, FX-79 helical flashtube (0.26-atm
Xe; 2870 A/cm?, peak), see also Table I. Spectral bandwidth
equal to 10 mu. Broken line is relative spectral emission of a black-

body at 7100°K.

absorbed by water flowing over the external electrode
leads and the envelope while the lamp is flashing repeat-
edly, the remaining fraction of the input electrical en-
ergy can be accounted for.

CIE color coordinates for each of the spectra in the
figures were computed. The weighted ordinate method
was used since most of the measurements were taken at
equal wavelength intervals.® These coordinates were
plotted directly on the CIE chromaticity diagram (Fig.
9) where they were compared directly with chromatici-

8 Arthur C. Hardy, Handbook of Colorimetry (The Technology
Press, Cambridge, Mass., 1936), 1959 ed.
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F16. 9. CIE chromaticity diagram showing lamp color

points. See also Table I.



ties of blackbody radiators. The proximity of the points
to the locus of blackbody radiators permits assignment
of a color temperature to each lamp for each operating
condition. Relative blackbody radiation distributions
were then drawn on the original spectra (Figs. 7 and 8)
normalized at points near 600 mg.

The brightness temperature was computed by as-
suming the emissivity of the plasma to be unity for the
FX-47A at 5300 A/cm? At 0.4 u the brightness tem-
perature was 12 000°K ; at 0.64 u it was 14 000°K ; and
at 0.98 u it was 18 000°K. These data indicate that the
true emissivity of the plasma is not constant with wave-
length and that the actual plasma temperature must
be considerably higher than the measured color
temperature.

CONCLUSIONS

To a great extent, the current density controls the
spectral distribution of the emitted energy in a xenon
arc. When current density is increased from a few tens
of amperes per square centimeter to a few thousand, the
intensity in the blue increases far more rapidly than does

the intensity in the red and infrared. In addition, the
line structure, which is quite strong in the infrared at
low current densities, becomes almost completely
masked at high current densities.

The color temperature is also affected by increased
current density. At low current density the color tem-
perature is near S000°K, but it increases at high current
density to near 10 000°K. In the particular case of the
unconfined arc (the FX-76), the color temperature was
as high as 40 000°K. The CIE color coordinates of the
arcs tested were particularly close to the Planckian locus
with the continua resembling those of blackbodies.
Within approximately reasonable limits the color co-
ordinates are those of the coordinates of daylight re-
ported by Judd.! For most color matching applications,
the xenon arc (in one of its forms) could be used as a
direct substitute for daylight.

The over-all efficiency of the xenon arc, which also
increases with current density, is relatively high. Up to
659, of the input energy is converted to radiant energy
in the spectral region between 0.35 and 1.1 p in the FX-
47A operated at 1700 to 5300 A/cm?



FX-53 -3, FX-53Z -3
FLASHTUBES
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ELECTRONIC PRODUCTS DIVISION
DATA SHEET 1007-3

FX-53-3, FX-53Z-3 ANNULAR XENON FLASHTUBES

0.280"10.0(5 Itf

¥
T /2" REF MOUNTING

41/4" MAX —— o
—— RED MARKING — ¥ LUGs / Gi560"
. INDICATES ' Imm BORE (7mm)
ANODE END ? T l I REF

0.520" 5/8" REF 0.520" e e T AT e — —i—
0.280" (l3mm)REFW I U3mmREFL . . __
(7mm)REF f

f )

_L 2.40" MAX

e e 0.350"

T  —— (9mm)REF RED MARKING
0350 gl INDICATES
. * i AN
(9mm) REF 0.394"20.015 ODE END
0.394"t0.015 MOUNTING
0.280"10.015 LUGS —— 1/2" REF

7 Fs"tl/ls————-l

NOTE: A /4" ROD MUST PASS THROUGH THE INNER TUBING
WITHOUT INTERFERENCE

A
FX=-53-3 FX-53Z2-3
TENTATIVE SPECIFICATIONS
TUBE DESIGNATION-ORDERING CODE FX-53-3 or FX-532-3
Discharge Envelope Tmm I.D., 13mm O.D.
Arc Length (inches) 3
ELECTRICAL CHARACTERISTICS
Maximum Energy Input per Flash2 Watt-Seconds
(Watts-Seconds (Joules) = 1/2 CV*?) 800
Voltage, V (KVDC) 1
Capacitance, C (pfd) 400
Test Conditions Inductance, L (phy) 180
Arc Resistance (ohms) during 0.4
discharge at Maximum Energy Input
Minimum Operating Voltage (KVDC) 1
Maximum Operating Voltage (KVDC) 2
o Typical Trigger Voltage Range (kv) 25-30
Recommended Triggering Method or EG&G Trigger Module
Recommended EG&G Trigger Transformer TR-60
Recommended EG&G Series Inductance TR-70 or TR-71




TYPICAL FLASHTUBE CIRCUIT

SPRAGUE TYPE [I8P FOR VOLTAGES UPTO 600VDC
SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC

\#f XENON 103
+ 10K FLASHTUBE IOW

400-1000 VDC O——AA- €
EGBG KN-2,4 OR6 *
SPRAGUE '
TYPE 1500™\ KRYTRON 22M
A =4 |-3KvV
=T> I SUPPLY
I f
+20-30VDC /
EGBG = USE ONE OF THE FOLLOWING =
TR-149 EG8G TRIGGER TRANSFORMERS
TR-132A(350V MAX INPUT)
TR-60 (1000V MAX INPUT)
TR-69 (1000V MAX INPUT)
TR-153 ( 600V MAX INPUT)
USING EXTERNAL TRIGGERING
APPLICATION

The annular flashtube was developed primarily for optical pumping of
laser crystals. This configuration permits the user to place the crystal rod
in such a position that.the gas discharge plasma concentrically surrounds it.
The outer circumference of the annular flashtube can then be easily wrapped
with aluminum (or silver) foil, which serves both as reflector and trigger
electrode. A high-quality, 3 in. long by 1/4 in. diameter ruby rod was ob-
served to have a threshold of 180 joules when aluminum foil was wrapped
around the outer circumference of the flashtube and the rod and flashtube
operated at the Test Conditions shown above.

ORDERING INFORMATION EXAMPLE .
XENON | ARC LENGTH
FLASHTUBE (INCHES)
TUBE TYPE

When ordering an annular flashtube, please usethe coding system shown
in the example above. The FX-53 and FX-53Z tube types can be supplied with
various arc lengths, electrode position, andannular diameters. When changes
other than arclengthare desired, please enclose a sketchindicatingtheneces-
sary modifications. In addition, please indicate a special tube by placing an
X in front of the FX designation (Example XFX-53Z-3).

All Data and Specifications Subject to Change Without Notice

EG&G INC. ELECTRONIC PRODUCTS DIVISION, 160 BROOKLINE AVE., BOSTON, MASS. 02215
TEL: B17=267=8700 TWX: B17-282-8317 CABLE: EGGINC-BOSTON

PRINTED IN U.S.A. 2/68



Represented in the
United Kingdom by

n HAMILTON-DALE

6’ Q E G g G 109 JERMYN STREET, LONDON, SW1

01-930 0725
ELECTRONIC PRODUCTS DIVISION

FX-52C-3, FX-55C-6
FLASHTUBES

DATA SHEET 1003
" TECHNICAL DATA

FX- 52C 3 FX- 55C 6 LINEAR AIR COOLED
XENON FLASHTUBES

g4mm 0D
QUARTZ JACKET

10-32" THREADEG
END PIECE
FOR MOUNTING

FLASHTUBE -
e ~ COOLING FINS

TRIGGER WIRE

RED DENOTES

ANODE
v
I
3"Ii/ie” —g 7x9mm QUARTZ
" 5 9/16 " REF. |
- 6 '3/16., A!/‘cll i
NOTE LINEAR DIMENSIONS SHOWN ARE FOR FX- 520 -3. ADD 3" FOR DIMENSIONS 0F FX 55C 6.
SPECIFICATIONS
TUBE DESIGNATION — ORDERING CODE FX-52C-3 FX-55C-6
Flashtube Envelope OD 9mm 9mm
Arc Length (inches) 3 6
ELECTRICAL CHARACTERISTICS Operation Operation
I I I
Maximum Long Term Average Power Input, W
(Watts = 1/2 CV2 x flash rate) Note 1 G 1500 1000
Maximum Energy Input per Flash, Ws
(Watts-Seconds (joules) = 1/2 CV?2) i EPoe ER
Voltage, V (kVdc) 1.7 2.0 1.6
Capacitance, C (pF) 400 1000 2000
Test Conditions Series Inductance, L (uH) 300 300 300
Arc Resistance (ohms) During
Discharge at Maximum Energy 0.3 0.6 0.6
Input
Typical Light Output per Flash at Maximum Energy Input 2500 7500 700
(Horizontal Candlepower Seconds, HCPS) !
Typical Flash Duration at Maximum Energy Input
(Microseconds Measured at 1/3 Peak Amplitude) e S eae
Typical Life (No. of flashes to 50% light output at test conditions) 9 5 104 2 x 103 1x10°
Minimum Operating Voltage (kVdc) 1.0 11 1. 1
Maximum Operating Voltage (kVdc) 3.0 3.0 3.0
Typical Trigger Voltage Range (kV) 15 ~ 20 15 - 20 15 - 20
Recommended Triggering Method EG&G Trigger Module TM-11
or
EG&G Trigger Transformer TR-60 or TR-69 TR-60 or TR-69
Recommended EG&G Series Inductance TR~79 ¢ TR~-102 TR~T9 or TR~102
Recommended Air Flow (linear ft/s) Note 1 40 40

1. Power ratings based on use of Recommended Air Flow. Direction of air flow should be from anode to cathode.



TYPICAL CIRCUIT

SPRAGUE TYPE I18P FOR VOLTAGES 600Vdc

400 . ' SPRAGUE TYPE CPT7O FOR VOLTAGES UP TO 2kvdc
0- , « XENON 3
1000 , 10
vde 10K £ FLASH- Iow
. o —WWA- ( G
SPRAGUE = m{%&gs - |
TYPE J!{'}OD\':;F KRYTRON 22Mm L 0-3kvdc
o——— = SUPPLY
10-30 Vdc /
i . . ‘(' i '7"‘ . %
' EGAG =

TR-149  ;5E ONE OF THE

/

FOLLOWING

EGBG TRIGGER TRANSFORMERS

TR-60

1R~153

i

TR-132A ( 350V MAX INPUT)
50 (1000V " )
TR-69 (l00OV "
( 600V

" )
" )

TYPICAL CIRCUIT USING EXTERNAL TRIGGERING

FEATURES

e High Average Power Output
e High Flash Repetition Rate

e Heat Dissipating Fins on Seals & Terminals

APPLICATIONS
e Laser Stimulation
e Flash Photolysis
e Fluor Stimulation

ORDERING INFORMATION

¢ Quick Change Replaceable Flashtube
e Heavy Duty Electrodes
® (Quartz Outer Jacket

e Optical Systems
¢ Medical Research

e High Intensity Illumination

FX-55C -6 - STRIPPED

EXAMPLE
TUBE
TYPE
XENON
FLASHTUBE

The FX-52C-3 and the FX-55C-6 are
also available without the outer quartz
jacket and cooling fins (stripped). When
ordering please indicate whether the
tubes should be''complete' or "stripped'.

(WITHOUT QUARTZ JACKET

& COOLING FINS)

ARC LENGTH

(INCHES)

Air cooled flashtubes with arc lengths
other than shown are available upon re-
quest. When ordering please use the
entire ordering code including the arc
length.

All Data and Specifications Subject to Change Without Notice

EG&G INC. ELECTRONIC PRODUCTS DIVISION, 160 BROOKLINE AVE., BOSTON, MASS. 02215

TELY B17-267=89700

TWX: B17=262=8817

CABLE: EGGINC-BOSTON

PRINTED IN U.S.A. 1/68



EDGERTON, GERMESHAUSEN & GRIER, INC. @

XENON FLASHTUBES FX-52, FX-55

MAIN DISCHARGE TUBE: 7mm ID X9mmOD QUARTZ

I0-32" TRIGGER 24 mm OD QUARTZ
THREAD WIRE \ / JACKET

(D= T d=
1
— 172" [¢—
gt 1/16"
5 9/16" REF.
t1/18" i

e 6 13/16""

NOTE:

FX-52 HAS A 3" ARC LENGTH, FX-55 HAS A 6" ARC LENGTH

FEATURES:

e High Average Power Output e Air Cooled

e High Flash Repetition Rate e Cooling Fins on Seals and Terminals

e Heavy Duty Electrodes e Quartz Outer Jacket

The FX-52 and FX-53 differ from EG&G's FX-42 and FX-45 in that
they have heavier duty electrodes, cooling fins on the seals and terminals
and a quartz outer jacket to provide air cooling from an inexpensive blower.
These basic design features allow the FX-52 and FX-55 to operate at higher
flash repetition rates and higher average power with only a nominal increase
in tube size.

The FX-52 and FX-55 are available "stripped", i.e., withoutquartz
jacket and cooling fins. Whenordering, please specify whether the tubes should
be "complete' or "stripped'.




PERFORMANCE DATA

FX~-52 B X~bb
Characteristics Performance Data
Under Two Operating
Conditions

Maximum Long Term Average 600 1000 1000
Power Input (Watts) (1)
Maximum Energy Input per 600 @ 2000 @ 250 @
Flash (watt-sec) at 400 pfd, 1000 pfd, 2000 pfd,
Specified Condition 1.7 KV, 2.0 KV, 1.6 KV,

300 ph (2) 300 ph (2) 300 ph (2)
Nominal Light Output at 2500 7500 700
Maximum Energy Input
(horizontal candlepower
seconds - HCPS)
Nominal Flash Duration at 600 1000 600
Maximum Energy (usec)
(1/3 peak)
Maximum Flash Repetition 1 per sec 1 per 2 sec 4 per sec
Rate at Maximum Energy (3)
Nominal Life at Maximum 5000 1000 100, 000
Energy Input (flashes)
Minimum Operating Voltage (V) | 1000 1100 1100
Maximum Operating Voltage (V)| 3000 3000 3000
Typical Trigger Voltage Range 15 -~ 20 15 = 20 15 = 20
(kv) (4)
Arc Resistance During 0.3 0.6 0.6
Discharge (ohms)

NOTES:

1. Power is based upon the flow of room temperature air over the tube
envelope and cooling fins at a minimum velocity of 40 linear ft per sec.
Air flow input should be in one direction only — from the anode to the
cathode,

2. EG&G TR-102 Choke is recommended. The characteristics of the TR -
102 are: L=300 microhenries, R=0. 25 ohm. Dimensions are the same
as EG&G TR-79 and TR-80 Chokes.

3. Reduced energy input per flash required at high flash repetition rates.

4. EG&G TR-60 or TR-69 is recommended to supply necessary trigger
voltage.

For more information on this or other EG&G flashtubes,
contact EG&G's Products Department.

Data and Specifications subject to change without notice.

160 BROOKLINE AVENUE, BOSTON 15, MASSACHUSETTS

TEL: 817-C0D7-9700 TWX EG&G SALES BOS 617-262-9317 POSVIER 1N UBeds
7-64
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>TS DIVISION
SHEET 1007-2

FX-51-3, FX-100-2.4 PI-SHAPED XENON FLASHTUBES

I-——3 I5/32"1I/I6———-1

2 13/32" /16 BED MARKING
Yoarnz ( (2.40") INDICATES ANODE END
19/64 /32 "
1 7mmX9mm 0.280"%0.015
3/4"4/32 ﬂ Rk 7/8"%1/32
1 { 0.394"10.015 1 3/4" AriiX
RED MARKING MAX F mg'UA:.F"Zm 13/8"21/32
2"t1/16 INDICATES ANODE END 1
l /2" REF 0.280" $0.015
| Io—z 3/4"21/16——-!
3'+1/16 {
FX-51-3 FX-100-2.4
TUBE DESIGNATION-ORDERING CODE FX-51-3 FX-100-2.4
Flashtube Envelope O.D. 9mm 6mm
Arc Liength (inches) 8 2.4
ELECTRICAL CHARACTERISTICS
Maximum Energy Input per Flash, Watt-Seconds 5
, . ' Sobe: 600 100
(Watts-Seconds (Joules) = 3 CV2)
Maximum Long Term Average Power Input, Watts 60 20
(Watts = 3 CV2 x flash rate) -
Voltage V (KVDC) L, 1.4
Capacitance, C(ufd) 400 100
Test Conditions Inductance, L (phy) 300 —_
Arc Resistance (ohms) during 0.35 0.9
discharge at Maximum Energy Input —— i
Typical Light Output per Flash at Maximum Energy 2500 250
Input, HCPS (Horizontal Candlepower Seconds) -
Typical Flash Duration at Maximum Energy Input
(Microseconds measured at 1/3 peak amplitude) Logd BB
Typical Life in free air at Test Conditions .. _ 3
- 5 x 10 5 x 10
(No. of Flashes to 50% light output)
Minimum Operating Voltage, (KVDC) i 0.6
Maximum Operating Voltage, (KVDC) 3 2.5
Typical Trigger Voltage Range (kv) 15-20 15-20
Recommended Triggering Method or EG&G Trigger Module TM- 11
Recommended EG&G Trigger Transformer TR-132 TR- 132
To extend Tube
Recommended EG&G Series Inductance T\I?-?O or Life use TR-170
TR~71 or TR-71




TYPICAL FLASHTUBE CIRCUIT

SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC
SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC

.

10K XENON 103
400-1000 voc V4 FLASHTUBE oW
EG8G KN-2,4 OR6 "
SPRAGUE -2,
TYPE 150 D\ KRYTRON 22M

| 0-3KVDC

"4 SUPPLY

| ot
+20-30VDC |

USE ONE OF THE FOLLOWING
EG&G TRIGGER TRANSFORMERS

TR-132 ( 400V MAX INPUT)
TR-60 (1000V MAX INPUT)
TR-69 (1000V MAX INPUT)
TR-153 ( 600V MAX INPUT)

USING EXTERNAL TRIGGERING

FEATURES
® High Energy Output e Heavy Duty Electrodes
e [ong Life ® Quality Construction

APPLICATIONS

® [ .aser Stimulation
® Photo Reproduction

® Satellite Flashers

ORDERING INFORMATION

EXAMPLE

]

XENON
FLASHTUBE

Flash Photolysis
Medical Research

Semiconductor Research

FX-100-2.4

I ARC LENGTH
(INCHES)

TUBE TYPE

When ordering Xenon flashtubes, please use the coding system shown
in the example above. The FX-51 and FX-100 tube types can be supplied
with various arc lengths, electrode positions, and tube diameters. When
changes other than arc length are desired, please enclose a sketch with the
order showing the necessary modifications. In addition, please indicate that
it is a special tube by placing an X in front of the FX designation. (Example
XFX-51-38)

ALL DATA AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

EG&G INC.
PRODUCTS DIVISION, 160 BROOKLINE AVE., BOSTON, MASS. 02215
TEL: 617-267-8700 TWX: 617-262-8317

PRINTED IN U.S.A. 11/66



FX-46,F X-239A

n
oS EGaG e XENON FLASHTUBES

- Represented in the
- United Kingdom by

FX-239A FX-46

The FX-239A is a helical flashtube designed to operate inthe 1.5 to 2. 6 KV range. Oper-
ation in this range permits the use of paper-Mylar capacitors (or similar types of capacitors)
in the associated charging circuit. Such capacitors must be used if the environmental require-
ments of present military specifications are to be met.

The helical configuration concentrates the light source and permits high-efficiency modi-
fied-parabolic reflectors to be used for beam forming. The FX-239A has been successfully
used with such a reflector in an application requiring abeam angle of 430. For this application
the flashtube was prefocused; that is, the location of the helix with respect to the flashtube
mounting surface was adjusted in a standard optical setup, and fixed at the factory. However,
thebeam angle that can be obtained with this particular flashtube-reflector configuration ranges
from 35 to 55 degrees.

The FX-46 and FX-239A are the same flashtube type. The only difference is that the
FX-239A comes equipped with a mounting bracket.

OPERATING CONDITIONS

Minimum Starting Voltage (V)

(The minimum main electrode voltage at which the tube can be triggered) 1500
Maximum Operating Voltage (V) 2600
Self-Flash Voltage (V)

(The minimum main electrode voltage at which the tube will self-flash) 4000
Typical Trigger Voltage Range (KV) 20-25

EDGERTON, GERMESHAUSEN & GRIER, INC.

BEDFORD BOSTON SALEM LAS VEGAS SANTA BARBARA ALBUQUERQUE WASHINGTON



TERMINAL SUITABLE FOR
NO.6 MACHINE SCREW

s |

23/8

TRIGGER
ELECTRODE
WHITE

FX-239A SER.NO
CODE IDENT. NO. 92678

| &b

217/32

MAX.

I

CATHODE
BLACK

5" MAX

FX-239A

]
\:EJ§®

TERMINALS
SUITABLE
FOR NO. 8
MACHINE

SCREW

3/16 DIA. 3 HOLES
EQUALLY SPACED
ON 3.000 DIA. BC

0.062 DIA.PIN
LOCATED ON
2.375 BC

TRIGGER LEAD
(SEE NOTE 5)

TRIGGER BAND
(SEE NOTE 4)

(SEE NOTE 3)

1/4tne
TRIGGER WIRE

\\ A D

TR

FX-46

NOTES:

2.

3.

THESE DIMENSIONS DO NOT INCLUDE
TRIGGER WIRE DIAMETER.

TUBE TO BE MOUNTED BY 10/32

THREADED LUGS.

TRIGGER WIRE IS 0.010 NICKEL. IT IS
WRAPPED WITH 18-20 HALF HITCH TURNS
APPROXIMATELY EQUALLY SPACED WITH TWO
TURN ON THE ANODE END. (23-25 TURNS
FOR FX-239A)

. TRIGGER BAND IS 0.005 X 1/8 STAINLESS

STEEL TAPE TO WHICH IS WELDED THE
TRIGGER WIRE AND THE TRIGGER LEAD. THE
TRIGGER BAND IS ON THE CATHODE END.

. TRIGGER LEAD IS NO. 20 TEFLON-INSULATED

(5KV) WIRE. TENSOLITE NO. 20001-A|

. ANODE END MARKED IN THIS AREA WITH

RED PAINT.

. HELIX IS RIGHT-HANDED.

SPECIFICATIONS

Maximum Long-Term Average Power Input (Watts) with air blast of
50 cfm (inlet temperature 680F at Sea Level Pressure)

Maximum Energy Input (Watt-Seconds) (at 200 pfd, 2.6 KV)

cve

(Wsz 2

voltage

Flash Duration (Microseconds)

(1/3 peak at Specified Conditions)(1)
(at 192 pfd, 2.2 KV, and 180 phy)

Typical Flash Rate (PPS)(2

Minimum Life in Flashes

(3)

676

676

) per flash, at stated capacitance and

500

1.8

4000

(1) Flashduration — Flash duration depends on the operating conditions; therefore,

(2)

(3)

value given is for specified conditions only.

Typical flash rate — The flashing rate may be varied considerably from the
typical value shown, provided that the long-term average power rating is not

exceeded and suitable circuitry is provided.

Life conditions — Flash Rate 1.6 pps, E-E 1. 67 KV — 200 pfd with air cooling —
600 flash bursts with 5-minute cooling between bursts.

Data and specifications subject to change without notice.

PRINTED IN U. S, A.
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SOFT SOLDER ONLY_<
AT THIS POINT

|/2u

TR

SHOWN TWICE NORMAL SIZE

SPECIFICATIONS

TRIGGER WIRE

TUBE DESIGNATION-ORDERING CODE

FX-41

Envelope O, D.

0.1 in. (2. 5mm)

Arc Length 0.5 in.
ELECTRICAL CHARACTERISTICS
Maximum Energy Input Per Flash
i %) 0.5Ws
(Watt-Seconds (Joules) = 1/2 CV™)
Maximum Long Term Average Power Input 0. 25W
(Watts = 1/2 cv? x Flashes/Sec.) '
Voltage, V 1. 4KVDC
Capacitance, C 0.5 ufd
Test Conditions Series Inductance, L None
Arc Resistance 6 ohms
Typical Light Output Per Flash At Maximum Energy Input 0.30 HCPS
(Horizontal Candlepower Seconds) g
i h Duration At i B
Typical Flas uration At Maximum Energy Input 3.5 pasc.

(Measured at 1/3 peak amplitude)

Typical Life in free air at Test Conditions
(No. of Flashes to 50% light output)

5 % 103 flashes

Minimum Operating Voltage 0.9 KVDC
Maximum Operating Voltage 1.5 KVDC
Typical Trigger Voltage Range 7.5 - 10 kv
Recommended EG&G Trigger Transformer TR-132

'RODUCTS DIVISION
DATA SHEET 1007-1




TYPICAL CIRCUIT

R (LIMITING RESISTOR)

—AAA -9
FX-4l A
FLASHTUBE
* c +
DC s (MAIN A

SUPPLY —— DISCHARGE _° el
1 CAPACITOR)

= Cr=0.1-0.25
\| e -
*QIce I ) B
EGac 200-300
TR—I32 { VOLTS DC
INPUT
1 N ° -

TRIGGER CIRCUIT

PERFORMANCE * Operating conditions listed in the specifications apply when
the FX-41 is externally triggered. Self-flash will occur
when a voltage greater than 2 KV is applied across the
main electrodes.

FEATURES ¢ Concentrated Light Source
¢ Small Size - 3/4" x 5/16"

¢ Self-Flash or Externally Triggered
APPLICATIONS °* Fiducial marker

¢ Time marking of film

e Marking of photosensitive paper

¢ Reference light source

e Overvoltage operation to indicate voltage increases
NOTES 1. Trigger wire positioning, as supplied, should not be altered or else

starting voltage may change.

2. Small concentrated arc discharge of light output can be obtained by

viewing discharge end-on.

3. If self flash operation is desired for overvoltage circuit indicators,

no trigger wire is required.

4. CAUTION: Do not cut, bend or apply excessive heat to electrodes
since both electrodes are hollow and part of exhaust
tubulation. Soft soldering leads to electrodes is per-
missible but only at end of electrodes as shown.

DATA AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE O

EG&G INC.
PRODUCTS DIVISION, 160 BROOKLINE AVE., BOSTON, MASS. 02215
TEL: 617-267-8700 TWX: B17-282-9317  prINTED IN USA. 11 /66



T = |
. RIS =l I E::,] @ p— “=—r
; s — i : - e i D l |
! PERFORMANCE DATA ' EXed FX-3 I FX-SA FX-68 FX-6U i i
‘ e FX-11 FX-12
: e | A-37 fi =318 fr=3/
|
| Mnax. Long Term Average see energy limit per burst i1 l 7 7 1 2
Power input — Watls below | : '
t |
Ifax. Energy Input per Flash — 1.25 125 i 5 5 5 1 5
Watt-Secands or loules
- : 0.04 ufd, 0.04 ufd, 24 ufd, 24 ufd, 24 ufd, 2 ufd, 2.5 pfd,
! at Specified Conditions 8 kv 8 kv 0.65 kv 0.65 kv 0.65 kv 1 kv 2 kv
| Nominal Light Outpiper * |l 06 . 0.8¢ 25 2.5 25
| Flash at Max, Input = 1 2.5
} Horizontal Candlepower
| Seconds (HCPS) {7
| Nominal Flash Duration at 2 2 i2 12 12 3 6
| Max. input (s peak) —
| microseconas |
|
Typical Flash Rate 800 per sec. 600 pps 1,000 pps 600 pps 1 per 6,000
Limit energy per burstio sec. pps
, 1,500 w-s total — allow 5 min. :
, between bursts. 2x104 6,000
i ; atiws
{ . ; |
| Nominal Life at Stated Input 100 100 10°to 10 100 @.008w-s|  Same as Same 25 | (20&’)"0'
| (infrec air) = fvo. of Flashed . W@ 04 ws ! FX-6A FXGA | 1840d |
‘, 1.8 utd, 640 v ' e
| OPERATING LIWiTS
L o . e : ) o | f
| Min. Uperating Voltage — volts — - 400 500 400 600 400 ‘
s o
| hax. Operating Veliage — volts _— - 1,500 1,500 - 1,500 3,000 3,000 ( !
. Typical Trigger Voitage Overvolt Overvoit 2.5t0 4 kv dtobkv 2.5t0 4 kv 10 15-20 | _‘
| Renge — Kilovaits © I internally internally internally i
’ | triggered triggered triggered
L : b |
|[ OTHER CHAKACTERISTICS |
| Arc Resistance During L 50 50 0.14 0.14 ‘ 0.14 BT o
! Discharge — ohms * J ‘
b— ) g v | % -1
Approximate Arc Length — coil %" 3%" " N6 A he” 4 % )
| (see illustration) | wide, (3% ety :
! | if straight) TR-50 TR-50
— f ‘ ‘
Recommended Trigger Trans- S - | TR-3&TR-76 TR-90 TR-36ATR-76 |
| former — EG&G i ! or or I
| ' TR-90 TR-90 a8 b
| ! : ¥ i, T
I Recommended Choke (if any) — ' — - — . 5 . Quartz Quaml
EG&G {
4 o — . , Little- Little-
Envelope Material . .\ Inner envelope — quartz Corning 0080 Corning Corning fuse fuse
{| Outer envelope — Corning 0080 - 9823 UV
l #7740 i glass
| Mounting |] ! Standard Subi Same as Same as
i [ e - miniature 9 FX-6A FX-6A |
i pin noval tube g i
socket -
; No No
Polarized Operalion' 5 No , B ;-.,N" Yes Yes . Yes N
P ' . 1 et ety o
¢
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EFFECTIVE
“LIGHT SOURCE

4
. I Y S o
1316 | 5 Eun | ;
: 3/4' ! ”’7* o o EFFECT IVE D o A—_>d‘
' ! | LIGHT SOURCE : —¥ e 5/1€
| ™ | b | &
I "‘, | o = B =) . o R i . |
| — == B, — = =
Uil O 37 = O S
¢ L_J Y, l
i : T J j.suzs'
- ' = s 8 11/16" — — s — =
s 3mm 0D
Imm 1.0
’n ------ 3 532" - “ e % AR
| | " 1
y | N /4 ‘ - /8" f
—'—!‘ ——-—! B ___’i__tﬂ_mwﬂ — . - ' A  J - ﬁ | FX -1}
t?}?ﬂ_ﬁﬂ“-:i | = D
¥ t Il 3 ¥ ,
. 6mm O D | | ] 6mm 0D '._ "
28 — 1/8
' tmm I.0. i 28 4mm LD s
- > 5/|6"
SR
116"
9/|6"
) - :
9/,32” | 3 dY o UBU ] | s
5 | t
e * « . TUBULATION®
lg73" - T/87H
TRIGGER TRIGGER *Coution Moke certain that hole
in center of tube socke! provides
OPEN ,TRlGGER W;‘.en:n’:b:vonce for glass ex
haoust tubulation in base of flash
ANODE -CATHODE tube 3
TRIGGER
TRIGGER TRIGGER



— Rep'r'es:eme'd in the

" El; . United Kingdom by PRODUCTS DIVISION
6§ &G INC. Ol " DATA SHEET 1007-4

LINEAR XENON FLASHTUBE FX-12-.25

0.24'REF(6mm) 0.04"REF (Imm) — ’-'O.IB"REF
0.280%0.015 —_—
& N
T T [ " 11]
0.250% 0.047
2.63"REF
[ 3.19" MAX >

SPECIFICATIONS

TUBE DESIGNATION - ORDERING CODE FX-12-,25
Flashtube Envelope O.D, 6 mm
Arc Length 0.25 in,

ELECTRICAL CHARACTERISTICS (SINGLE FLASH OPERATION)*
Maximum Energy Input Per Flash

(Watt-seconds (Joules = 1/2 CV2)) 5 Ws

Maximum Long Term Average Power Input

(Watts = 1/2 CV? x flash rate) 2 Watts
Test Voltage (DC) 1.4 KV

Conditions Capacitance Sufd

(Bee Fige 1) Arc Resistance During Discharge 0.25 ohms

at Maximum Energy Input

Typical Light Output Per Flash at Maximum Energy Input 2.5 HCPS

(Horizontal Candlepower Seconds) ‘

Typical Flash Duration at Maximum Energy Input 6 sec

(Measured at 1/3 peak amplitude)

Typical Life in Free Air at Stated Conditions 10¢@ 1 ws

(No. of flashes to 50% light output) (2pfd, 1KV)

Operating Voltage Range 0.4-1.4 KV

Typical Trigger Voltage Range 15-20 KV

Recommended Triggering Method or EG&G TM-11

Trigger Module

Recommended EG&G Trigger Transformer TR-132

*When used in EG&G's Model 501 High Speed Stroboscope, the FX-12-.25
can be operated at a flash rate of up to 1,000 pulses per second (for a 0.1
second burst) using a 0.01 pf capacitance changed to 2KV. For additional
information on the use of the FX-12-.25 in high speed stroboscopic appli-
cations, see Data Sheet 501.



APPLICATIONS

e High Speed Photographic Strobe
e Ballistic Studies
e Shock Wave Analysis

e Schlieren Photography
e Microscopic Illumination
® Semiconductor Minority Carrier

e Biological Research Lifetime Studies

FEATURES

® Point Light Source

e IMM Discharge Bore

e High Pulse Rate Capability

¢ 7000°K Color Temperature
e Quality Construction
® Compact Design

TYPICAL CIRCUITS SPRAGUE TYPE 1I18P FOR VOLTAGES UP TO 600VDC

SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC
3
XENON 10

FLASH 1ow
TUBE
+
22M L7 0-3kv
- SUPPLY
c
KRYTRON

TR- 69(I600VMAX INPUT)
TR-I153 (600V " ")

400-1000 luf
vDC  IOK
O

SPRAGUE EGBG
TYPE 150D Iuf TR-149

+20-30VvDC

TR-132(400V MAX INPUT)
TR- 60(l000V " )

USE ONE OF THE FOLLOWING
EGBG TRIGGER TRANSF.

FOR SINGLE FLASH OPERATION

L C 00! pf
) ¢ = D FX-12
pu D XENON
§ # FLASHTUBE
O- & o)
HYDROGEN 4
THYRATRON STEP DOWN
TRANSFORMER

FOR OPERATION AT HIGH REPETITION RATES USING EG&G 501
HIGH SPEED STROBOSCOPE

ORDERING INFORMATION

EX=12=25

XENON I l | ARC LENGTH

FLASHTUBE 1ygg Typg (INCHES)

EXAMPLE

When ordering an FX-12-.25 Xenon Flashtube please use the abbreviated
ordering code shown in the example above. FX-12 type flashtubes with arc
lengths other than 0:25 inches are available upon request. When ordering
please alter the final digits to indicate the specific arc length required.

ALL DATA AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

EG&G INC.
PRODUCTS DIVISION, 160 BROOKLINE AVE., BOSTON, MASS. 02215
TEL: 617-267-870080 TWX: B17-262-8317

PRINTED IN U.S.A.11 /66



n EG G ; S:ll:‘l:’s;?ted in the : FX-6A-FX-76 SERIES
oQ & ngdom by PULSED FLASHTUBES
o ELECTRONIC PRODUCTS DIVISION HAMILTON- DAI_E

o ) I | 109 JERMYN STR

DATA SHEET NO. FT1005

BULB TYPE, PULSED XENON FLASH TUBES

FEATURES
e LONG LIFE-UP TO 10° FLASHES

* HIGH REPETITION RATES-UP TO 2500 PPS
e 5-10 JOULES INPUT
e 7-15 WATTS AVERAGE POWER
* IR, VISIBLE & UV LIGHT OUTPUT
e CONSISTENT LIGHT OUTPUT
« NON-WANDERING ARC
e SMALL SIZE
* STANDARD 9 OR 12 PIN BASES
 FX-t01 * CHOICE OF GLASS ENVELOPE SHAPES
APPLICATIONS
STROBOSCOPES
PHOTOTYPESETTING
OSCILLOGRAPH PAPER TIMING
PHOTOMASK PRODUCTION
SHAFT POSITION ENCODERS
IGNITION TIMING

VISUAL BEACONS
DIGITAL READOUT




MECHANICAL DATA




ELECTRICAL DATA

Tube Types FX-6A, FX-6AU, FX-101, FX-6B, FX-6BU, FX-35B, FX-76
FX-108, FX-108AU FX-101B, FX-102, 108B,
FX-108BU
Maximum Energy Input per Flash : : i
Watt - Secs (Ws) or Joules
Notes 1, 2 (24 w F,650 V) (24 pF,650V) (20 £ F, 1kV)
Maximum Long Term Average Power Input
(W) watts 7 7 15
Note 3
Flash Duration at Maximum Energy Input () 12 12 5
Note 4
Typical Integrated Light Output at Maximum
Energy Input (horiz cps) 2.5 2.5 10
Note 5
Maximum Repetition Rate (pps) 500 2500 2500
Energy Input (Ws)
oer Flash 0.4 0.01 0.0013 1.0
Voltage ( Vdc) 650 650 600 1000
Typical .
Ope rating Capacitance (.F) 1.8 0.047 0.007 2.0
Conditions | pylse Duration () 3 0.8 0.6 4
Pulse Rate (pps) 10 420 1000 20
Life in Free Air
(No. of flashes to 1x 107 6 x 108 2x 108 1x 10/
50% light output)
Minimum Operating Voltage (Vdc) 400 500 900
Maximum Operating Voltage (Vdc) 1000 1000 1500
Minimum Trigger Voltage (kV) 25 40 5.0
Note 6 ‘ '
: EG&G EG&G EG&G
Rec%mmended Trigger Transformer TR-36A, TR-76A, TR-90A of TR-36A, TR -90A TR.36A
and Circuit FY-5A Litepac FY-5A Litepac TR-90A
NOTES:

1) Ws or Joules = 1/2cV2

2) Arc Resistance at maximum energy input is approximately 0.14 £

3) W=(1/2 ¢V2y x frequency

4) Measured at 1/3 peak amplitude

5) horiz cps=Horizontal Candle Power Seconds

6) Open Circuit, secondary Transformer

voltage.

All tubes have a 5/16 inch arc length; 1/8 inch arc length tubes are available upon request. Except for the ‘U’ type tubes, the glass en-
velope material is Corning 0080. ‘U’ types are constructed with 9823 UV transmitting glass to increase UV output.




SPECTRAL DATA

n.
e \

127

KEY¥:

A

IRRADIANT ENERGY AT 3 INCHES (JOULES/CM2 —m /,L) X 10-7

FX -6A (GLASS ENVELOPE -

CORNING 0080)
FX-6B (GLASS ENVELOPE - CORNING 0080)

— i —..— FX-6AU (GLASS ENVELOPE - CORNING 9823)

SPECTRAL DATA AT THE
P FOLLOWING CONDITIONS

Input Energy 7J (V = 640 Vdc, C= 354 F, 27 s s pulse width)
Input Energy 2J (V.= 640 Vdc, C= 10 F, 9 s pulse width)

SPECTRAL DATA TAKEN
WITH EG&G 580/585
SPECTRORADIOMETER

SYSTEM.

T T T X
560 6(')0 760 800 900 1000 {[e]e}
WAVELENGTH (mu)
COLORED LEADS REFER LOW VOLTAGE HIGH VOLTAGE
-5A L PA
L i v 40 Vde 200 Ve
PIN
- VN Cr 10 F 0.047 L F
waTe SCR 2N 1595 IN1777A
L 4 vii Q +
s Feap | 1 CR 1,2, 3 T.I.IN2071 or EDAL B3G5 up to 2 watt-
2 Ce i: seconds and GE IN4530 for 2-5 watt -
400-1000 a-;c FX-6A y cc”’ 1 seconds
i c,) T d[ vy R = 10K-200 K
—4—¢ C = DETERMINED BY
8 w0 Ser MAX RATINGS
GATE R . = 4.7 MEG, 1/2W
Re l C
y °] _ :. C = 22 PF-SPRAGUE
L BLACK i . BLACK c NO. 30 GA-022

CATHODE
PIN FY-5A LITE PAC

FX-6A BASIC CIRCUIT FOR LOW OR HIGH VOLTAGE TRIGGERING USING FY -5A LITEPAC

All Data and Specifications Subject to Change Without Notice

EG&G INC. ELECTRONIC PRODUCTS DIVISION, 160 BROOKLINE AVE., BOSTON, MASS. 02215

TELy BY7<=28B7=9 700 TWX:2 B817=-262=831 7

CABLE:

EGGINC-BOSTON

PRINTED IN U.S.A. 3 .68
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FEATURES AND APPLICATIONS

Figure 1 below shows the outstanding features of EG&G's line of Q-C (Quick Change) Water- |

Cooled Xenon Flashtubes. Because of their unique design, the flashtubes can be quickly and easily
removed from the outer quartz water jacket. Thus at the end of life only the flashtube itself need be
replaced. (See Ordering Information for correct replacement.)

Efficient cooling of the flashttbes is provided by EG&G's heavy duty electrodes and special
anode heat dissipator. Threaded end pieces and quality fittings allow for easy mounting and quick
connectionto cooling unit. Water is fed throughthreaded endpieces for maximum cooling of the flash-
tube.

Because of the unique cooling design, EG&G' s flashtubes are able to dissipate up to 10, 000 watts
of long term average power. As a result these flashtubes are ideally suited for applications such as
optical pumping of high energy lasers, projection cameras,and other optical and illumination systems
where high intensity sources are required.

END SECTIONS (NOTE 2)

FX-62B-3
FX-65B-6 OUTER QUARTZ JACKET
FX-67B-6.5 THREADED END PIECES RED DENOTES
FX-74B-15 FOR MOUNTING G P ANODE NOTE |
-74B-1. B
FX-75B-3 | FLA/\SHTUBE #
v 7
E (o] | ) C[::: (]
- Pt temainasei—
N

1 = T

c
FIGURE |
DIMENSIONS (inches except where noted)

Tube Type A(£.063) B(+.125) | C(REF) D(REF) E(REF) F(REF) G(REF)
FX-74B-1.5 1.500 4.750 8.56 |[1/4-28UNF 1.38 0.47 (12mm) | 0. 24 (6mm)
FX-75B =3 3.000 6.250 10.06 [1/4-28 UNF 1..38 0.47 (12mm) | 0. 24 (6mm)
FX-62B-3 3.000 7.125 9.88 |3/8-24NF 0.91 0.59 (15mm) | 0. 35 (9mm)
FX-65B-6 6.000 10.125 12.88 |3/8-24NF 0.91 0.59 (15mm) | 0. 35 (9mm)
FX-67B-6.5 6.500 10, 625 14.25 |3/8-24NF 135 0.87 (22mm) | 0. 59 (15mm)

NOTES: 1. Electrical connections should be made between these two jam nuts. (CAUTION: Do not
tighten outer two jam nuts against the innermost nut. )

2. Imperial Eastman Poly-Flo Nut (261 P x 1/4) and Imperial Eastman Poly Sleeve are
used on FX-62B-3, FX-65B-6, and FX-67B-6.5. End section of FX-74B-1.5 and FX-
75B-3 consists of hollow copper tube 1/2" long and 3/16" O. D.

3. Recommended connecting tubing and clamps

FX-62B-3 .
FX-65B-6 Imperial Eastman 44-P, 44-PP, 44-SN or equivalent polyethelene, poly-
FX-67B-6. 5 propylene, or nylon tubing.

FX-74B-1.5 | Imperial Eastman C403 tubing or equivalent and Emperial Eastman Sher- »

FX-75B-3 man No. 4-3/8 clamps.
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TENTATIVE SPECIFICATIONS

TUBE DESIGNATION-ORDERING CODE| FX-74B-1.5 FX-75B-3 FX-62B-3 FX-65B-6 FX-67B-6.5
Flashtube Envelope O. D. 6mm 9mm 15mm
Arc Length (inches) 1.5 3 3 6 6.5
ELECTRICAL CHARACTERISTICS
Maximum Long Term Average
Power Input, Watts 500 1000 4000 8000 10, 000
(Watts = 1/2 CV? x flash rate)

Maximum Energy Input per Flash,
Watt-Seconds 100 400 600 2000 4000
(Watt-Seconds (Joules) = 1/2 CV?2)
Average Life at Test Conditions 3 x10° 3 x 105 3 x 109 1 x 106 150 x 103
(No. of flashes to 50% light output) Note 2 Note 2
Energy Input (WS) 50 180 200 500 2000
Flash Rate (pps) 10 5.6 20 16 5
Flash Duration (ms) 0. 20 0,20 0. 34 0.38 1.20
Voltage V(KVDC) 1.4 1.5 1.4 1.45 1.45
Test Total 50 160 200 480 1920
Conditions Capacitance,CT Note 1 Note 1 Note 1
Total Series 100 30 172 57 124
Inductance, L Note 1 Note 1 Note 1
Arc Resistance (ohms)
during discharge at 0.4 0.6 0.4 0.6 0.3
maximum energy input
Minimum Operating Voltage (KVDC) 1.2 1.2 1.5 1.5 L7
Maximum Operating Voltage (KVDC) 148 2.5 2.5 2.5 8:0
Typical Trigger Voltage Range (kv) 25=30 25=80 26=30 25-30 25-30
Note 5
Recommended Water Flow (gpm) 1.0 1.0 1.0 1.9 n
Notes 3, 4
Recommended Water Pressure (psi,
gauge) 25 25 25 25 25
Note 4

NOTES:

1,

Capacitance and inductance shown are total values used in multisection pulse forming
network.

Operated in 6 inch I. D. cavity with no absorber.
It is recommended that demineralized or deionized water be used for cooling purposes.

Flow of water should be adjusted so that temperature rise will not exceed 25°C. Water
pressure should not exceed 30 psi (gauge).

Flashtube may be triggered using external or series injection triggering. For pulsing
high energy tubes in a cavity, it is recommended that a water-cooled trigger bar be
used in close proximity to flashtube. Example: 3/16" O, D. nickel tubing.




TRIGGER CIRCUIT WATERCOOLED

e el e e FLASHTUBE
| 1 MULTISECTION PULSE
| |of | FORMING NETWORK
+400-1000 10K s
vbe o—J——-w»—t—._{(— |
| EGAG I
KN2,4,6 |
l KRYTRON gzau | g
Ipf VOLTAGE
+20-30
%o A i
EG&G
‘ TR-60, 69 |
TRIGGER
| TRANSFORMER |
o | |
| TR=4% - | Ls= INDUCTANCE PER SECTION
Cs= CAPACITANCE PER SECTION
| _J Ly= TOTAL INDUCTANCE OF NETWORK
_—— e — Cy=TOTAL CAPACITANCE OF NETWORK

TYPICAL WATER-COOLED FLASHTUBE CIRCUIT WITH EXTERNAL TRIGGERING

FLASHTUBE ORDERING INFORMATION EXAMPLE T -

XENON I I l ARC LENGTH

FLASHTUBE TUBE TYPE (INCHES)

When ordering a water -cooled flashtube please use the entire ordering code including arc length.
The data and specifications on this sheet apply only to those specific tube types listed. Standard tubes
with arc lengths other than those listed are available upon request. When ordering please alter the
final digits of the code to correspond with the arc length desired.

When a replacement flashtube is required please determine the proper tube to be ordered by
referring to the chart below.

Original Flashtube Unit Replacement Tube
FX-74B-1.5 FX-84-1.5
FX-75B-3 X =85=3
FX=62B-3 FX-42A-3
FX-65B-6 FX-45A-6
FX-67B-6. 5 FX-47B-6.5

ALL DATA AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

EDGERTON, GERMESHAUSEN & GRIER, INC.

Products Division 160 Brookline Ave. Boston, Mass. 02215
Phone: 617-267-9700 TWX: 617-262-9317 PRINTED IN U.S.A. 7 /65
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FLASHTUBE
APPLICATION INFORMATION

WHY LASERS FAIL AND WHAT TO DO ABOUT IT

Glenn A. Hardway
General Manager
Applied Lasers, Inc.
Stoneham, Mass.

Now that the laser is more a commodity than a
curio, reliable, repeatable performance is as
important as output power. Failure in ruby and
glass lasers can often be traced to one or more of
the following:

Flash lamps.

The laser rod.

Cavity material.

Excessive heat in the lamp and rod.
Dirt in the cavity or on components.

The designer who takes pains to control these
critical factors can build a laser that will maintain
performance, even at high repetition rates. Such a
non-Q-switched, solid-state laser can give up to
500,000 discharges.

We shall consider the danger areas one by one.

Two types of flash lamps

The greatest present limitation on non-Q-
switched system life is the flash lamp. The two
types of flash lamps usually specified are linear or
helical xenon-arc lamps. They vary in over-all
length from 2 in. to 2 meters. Bore diameters
range from 4 to 30 mm; inputs from 100 to 100,-
000 Joules.

Helical lamps withstand higher input voltages
than linear units, but today, are less-efficient
pumps, since energy reflected from the cavity walls
is lost in the lamp. The higher efficiency of the
linear tube in an elliptical cavity has made it the
designer’s usual choice.

In early flash-lamp tests, lifetimes ranged from
25 to 1000 discharges, but today with conservative
design, lives of 100,000 discharges are not unusu-
al. To attain this level of performance, the follow-
ing requirements must be met:

e End seals must be protected against outgas-
sing.

e Reverse current must be avoided.

e Peak current must be tailored to the limits of
the lamp.

e Current rise time must not be faster than the

lamp can withstand.
e Cooling must fully dissipate the heat generat-
ed in the lamp.

End-seal protection

End seals are usually soldered or of graded
quartz-to-metal construction. Both types have
their limitations, but the soldered seal has proved
more useful at high repetition rates, since it
allows conduction cooling of the electrodes.

Solder’s low melting point is a drawback, how-
ever, and it is necessary to design the system so
that the seals are outside the cavity, to light-shield
the seals and to water-cool them.

Seals can be damaged by pump light itself, or
because they absorb heat from the electrode. End
seals also outgas slightly when pumped at higher
energies unless adequately cooled. Water cooling
usually eliminates such breakdown.

Specifying current

Since the cathode is more emissive than the
anode, flash lamps are polarized and will pass
current in only one direction without damage.
Current reversal is one of the quickest ways to
damage a lamp, but it can be prevented completely
by impedance-matching the lamp to and pulse-
forming network/energy-storage unit.

Optimal energy transfer in an elliptical cavity
occurs with the smallest possib’e lamp diameter.
Highest-possible energy input is also desirable in
most applications. Unfortunately the two parame-
ters are not compatible, since a small bore means a
low explosion rating (as shown in Fig. 1).

The linear flash lamps most often used have
relatively short arc lengths and therefore require
more current than equivalent helical lamps. As
much as 4000 to 6000 A are sometimes desired for
6- to 13-in. lamps. This can be well above the
explosion current for the quartz tubes used in
some standard lamps.

The life expectancy of a flash lamp begins {o
deteriorate rapidly when peak current exceeds
609% of explosion current. Above 60%, the lamp’s
life is usually limited to less than 10,000 dis-
charges, even if all other parameters are optim-
ized. At the 809 level, explosion can occur on any

discharge.
CONTINUED



The first step in arriving at a safe current level
is selection of the desired pulse duration. The ap-
plication usually determines this; shorter pulses
are used in Q-switching and metal-removal appli-
cations than in welding or heating applications.
For this example, assume a 1-msec pulse. Also as-
sume that an EG & G FX-47C-6.5 flash lamp is
to be used.

Fig.1 shows that the FX-47C-6.5’s quartz tube
explodes at a 1msec energy input of 1300 Joules/in,
or 8450 Joules for this 6.5-in lamp. Sixty percent
of this is 5070 Joules. Rounding this to 5000 Joules
adds an additional safety factor.

Now specify the pulse forming network. With
pulse duration (f) known, the parameters of the
network can be selected using

b= @ILC
where L = total inductance, and
C = total capacitance of the pulse-form-
ing network.
The impedance of the (Z,) pulse-forming network
is found through

. =VL/C (2)
The required storage capacitance (C.) can now
be computed using

(1)

_t o
C=3Z
in this case, about 1600 x 10-¢ farads.

Now, with C, and E (5000 Joules) known, thev

necessary voltage is found with

/ 2K
V= . 4

V <. “)
The requirement is approximately 2500 V. Peak
current (I,) can now be found with

‘7

L=zTr 5k
where R, = flash-lamp impedance at time of peak
current.

Thus, the safe, 60% current level is found to be
about 4200 A.

Experiments have shown that current rise times
of 50 msec (10-909 ) can sputter electrodes, craze
the flash tube, or cause “buck-shotting” within the
quartz. To overcome these, simply design the
pulse-forming network for a minimum rise time
of at least 100 msec. If overvoltage triggering is
used, however, a scheme is needed to prevent such
triggering from distorting the network’s output
waveshape. A “safe” pulse is shown in Fig. 2.

10,000 -

EXPLOSION ENERGY FX-47B-6.

\
A\
ALY

FE WA Y

PER INCH AT 1Om S
1000~ (1300 JOULES PE m

s
EC)
= ol
=
AT §
A4
4 —:/

100—-

EXPLOSION ENERGY PER INCH
OF ARC LENGTH-JOULES

Fig. 2. A safe pulse for flash lamps.

10—

0.00I 00l 0.l 10

10

PULSE DURATION (1/3 PEAK AMPLITUDE)-m SEC

Fig. 1. When flash lamps explode. Chart gives explosion energies of flash
lamps in terms of inner and outer diameter of quartz tube. The FX-47C-6.5,
Energy per unit time

used in text as example, has 13-mm ID, 15-mm OD.

is quoted for one inch arc length. Graph courtesy EG&G.

Scope photo shows a pulse of approximately
4000 A, 150 wsec rise time, 850 usec
duration. Pulse amplitude is less than 60 %
of flash lamp's explosion rating; relatively
slow rise time protects tube against crazing
and "buck-shotting."” The waveshape is

also free of tube-damaging reverse current.

i
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LINEAR PULSED-XENON FLASHTUBES

6mm. O.D. Types

TUBE TYPE DESIGNATION FX-1 FX-5 FX-11 FX-33 FX-38A
ARC LENGTH (INCHES) 6 9 0.125 1.5 3
Operation
ELECTRICAL CHARACTERISTICS [ " B
MAXIMUM ENERGY INPUT PER FLASH 400 600 1 100 1,000 400 200
(Watt Seconds, (WS) or Joules = 14 CV?)
TEST CONDITIONS
Capacitance, C (ufds) 200 200 ) 100 22,500 400 200
Voltage, V(KVDC) 2 2.45 1 1.4 0.350 1.4 1.4
Series Inductance, L(uhy) 0 0 0 0 8,000 600 0
MAXIMUM LONG TERM AVERAGE
POWER INPUT 40 40 1 10 20 20 20
Watts = 4 CV? times flash rate)
TYPICAL LIGHT OUTPUT PER FLASH
at Maximum Energy Input
(Horizontal Candlepower Seconds, HCPS) 2,000 2,200 1 200 2,000 1,000 600
TYPICAL FLASH DURATION at Maximum 250 300 5 100 @ 40,000 1,000 130
Energy Input measured at ¥ peak 265ufd,
amplitude point (microsecond) 0.9KV
AVERAGE LIFE (No. of Flashes in free air at 100 @ 108 @ 2 x 10* 103 7.5 x 103 100 @ 5 x 10°
Test Conditions Above or at Stated Conditions) 200WS 200WS 200WS
(100uf, (100uf, (400uf,
2KV) 2KV) 1KV
600uhy)
MINIMUM OPERATING VOLTAGE (KVDC) 0.7 1.2 0.6 0.5 0.35 0.7 0.7
MAXIMUM OPERATING VOLTAGE (KVDC) 3 3 2.5 2:5 25 2.5 2.5
TYPICAL TRIGGER VOLTAGE RANGE (kv) 15-20 15-20 10-15 15-20 15-20 15-20 15-20
ARC RESISTANCE during discharge at 2 3 0.1 0.25 2 1.0 0.6
Maximum Energy Input (OHMS)
TRIGGERING METHOD or EG&G TN
RECOMMENDED TRIGGER TRANSFORMER TR-60 or TR-132 TR-136 TR-6
EG&G Type
RECOMMENDED SERIES INDUCTANCE TR-80 or TR-70 or
(if any) — EG&G Type TR-81 TR-71

NOTE 1 Operated in a 2-inch |. D. Cavity with no Absorber

NOTE 2 Use air cooling at a flow rate of 10-15 cu. ft./min.

NOTE 3 Use DRY NITROGEN cooled to —196°C af



12mm. 22mm. 31mm.
9mm. O.D. Types 6.5. Types 15mm. O.D. Types 0.D. Types 0.0, Types
FX-42 FX-45 FX-81 FX-47B FX-77 FX-56
3 6 8 6.5 13 6.5
Operation
| 1l 1
600 2,000 6,000 4,000 5,000 10,000 25,000 20,000
400 2,250 2,585 2,250 2,250 2,585 2,400 3,840
1T 1.34 2.15 1.9 241 2.78 4.5 3,300
300 122 850 122 122 850 400 550
60 60 80 80 80 100 . 125 150
2,500 7,500 18,000 16,000 20,000 40,000 100,000 80,000
1,000 1,400 1,300 1,400 1,400 3,800 3,300 3,500
5x 103 103 108 100 300 300 50 50
(See Notes 1, 2) | (See Notes 1, 3) (See Note 2) (See Note 2) (See Note 2)
1 1.1 1 1 1 1 1 1.5
3 3 3 3 3 3 3 4.0
15-20 15-20 20-25 20-25 20-25 20-25 30-35 30-35
0.3 0.6 0.5 0.25 0.23 0.25 .28 0.09
11 TRIGGER MODULE (See Note 4)
or TR-132 TR-60, 69 or 153
TR-70 or TR-71 TR-80 or TR-81

ow rate of 6 cu.ft./min. NOTE 4 EG&G TM-11 Trigger Module package can be used to trigger all EG&G externally triggered Flash Tubes. TM-11
is operated with 110V AC input and puts out a 30kv trigger pulse that is generated by remote or pushbutton control.



LOADING (JOULES PER INCH) AT WHICH LINEAR
(QUARTZ ENVELOPE) FLASHTUBES EXPLODE
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PULSE DURATION (1/3 PEAK AMPLITUDE)

EXAMPLE: An FX-47B flashtube (13 x 15 mm. quartz tubing with a
6.5 inch arc length) pulsed at 1.0 millisecond pulse duration will explode
within 10 shots with 8,450 joules input (1300 joules x 6.5 inches). For Free
Air operation and reliable life, use 70% of this value or 5,915 joules input.
For Cavity operation, use 40% of this value or 3,380 joules input.

Flashtube life can be improved by cooling the tube with a flow of air,
dry nitrogen, deionized or demineralized water.




TYPICAL FLASHTUBE CIRCUIT SHOWING SERIES INJECTION
TRIGGERING

SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC
SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC

1500-
2000 1puf
vDC 10K l

by ([
A AN T FLASHTUBE 1100\;\/
SPRAGUE 1uf EGRG
TYPE 150D \ 22M
+
| c
10vDC ’T\
(SEE NOTE 1)
= 3KVDC
L = SUPPLY
EG&G = USE EITHER
TR-149 EG&G Lz%zg OR

TYPICAL FLASHTUBE CIRCUIT SHOWING OPERATION
WITH EXTERNAL TRIGGERING

SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC
SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC

300- .
1000 Iz 103
voc 10K Vi it 10w
+ o— AV I\ TUBE
SPRAGUE  1uf EG&G
TYPE: 150D 22M +
o_\| ;Z
10vDC c
(SEE NOTE 1)
GENERAL INFORMATION EG&G = USE ONE OF THE FOLLOWING "— 3KVDC
EG&G TRIGGER TRANSF. SUPPLY
Average Power = W S x F TR-149 TR-132 ( 400V MAX. INPUT)
W S = Watt Second Input/Flash ¥S-68 (%OOOV - C)
= -69 (1000V )
f = Flashes/Sec. - TR-153( 600V v )
Watt-Seconds = 5
C(uf) = Value of Energy Storage Capacitor NOTE 1: A 509, 10 VOLT INPUT SIGNAL CAN BE APPLIED FOR
V(KV) = Voltage to which C is charged REMOTE TRIGGERING BY ELIMINATING 1,f CAPACITOR

EDGERTON, GERMESHAUSEN & GRIER, INC.

Products Division 160 Brookline Ave. Boston, Mass. 02215
Phone: 617-267-9700  TWX: 617-262-9317

Printed in U.S.A. January, 1965 NP
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LINEAR PULSED XENON FLASHTUBES - ORDERIN

N,

EXAMPLE:
FEATURES: TYPICAL APPLICATIONS:

" S : . The example above
e Quality Workmanship e |aser Stimulation used in ordering EG:
) e Rugged Construction e Medical Research the tube is a xenor

specific tube type a

e High Quality Quartz Envelope e Semiconductor Research digits indicates that |
e Heavy Duty Electrodes e Satellite Flashers as a direct replacen
e Reliable Operation e Photo Reproduction luminous arc length
. ) The flashtubes (a
e Long life e Lighthouse Beacons up EG&G’s standard
ing a standard tube
arc length. If a stan
length) is desired, p
length required. Exa
TUBE DESIGNATION — ORDERING CODE FX-1A-6 FX-5A-9 FX-11-.125 FX-33-1.5 FX-38A-3 FX-98-3
QUARTZ ENVELOPE 0.D. 6mm 7mm
ARC LENGTH (INCHES) 6 9 0.125 1.5 3 3
ELECTRICAL CHARACTERISTICS: Operation
| I
MAXIMUM ENERGY INPUT PER FLASH, WS 400 600 1 100 200 400 400
(Watt Seconds, (WS) or Joules = »4CV?)
MAXIMUM LONG TERM AVERAGE
POWER INPUT, WATTS 40 40 1 10 20 20 20
(Watts = ,CV? times flash rate)
VOLTAGE, V(KVDC) 2 2.45 1 1.4 1.4 1.4 1.4
CAPACITANCE, C(utd) 200 200 2 100 200 400 400
TEST INDUCTANCE, L(xhy) 0 0 0 0 0 600 0
CONDITIONS
(SEE NOTE 4) ARC RESISTANCE (OHMS)
during discharge at Maximum 2 3 0.1 0.25 0.6 1.0 0.6
Energy Input
TYPICAL LIGHT OUTPUT PER FLASH
at Maximum Energy Input 2,000 2,200 1 350 600 1,000 1000
(Horizontal Candlepower Seconds, HCPS)
TYPICAL FLASH DURATION at Maximum 250 300 5 100 @ 130 1,000 240
Energy Input (microseconds measured 265utd,
at 4 peak amplitude) 0.9KV
AVERAGE LIFE 10° @ 108 @ 2 x 104 103 5x 103 105 @ 105@
(No. of flashes to 50% light output) 200WS 200WS 200WS 200 WS
In free air at Test Conditions (above) (100pf, (100f, (4004f, (400 ufd,
or at Stated Conditions. (NOTE 6) 2KV) 2KV) 1KV IKV
600u:hy) 600 why)
MINIMUM OPERATING VOLTAGE (KVDC) 0.7 1:2 0.6 0.5 0.7 0.7 0.8
MAXIMUM OPERATING VOLTAGE (KVDC) 3 3 2.5 2.0 2.5 25 3.0
TYPICAL TRIGGER VOLTAGE RANGE (kv) 15-20 15-20 10-15 15-20 15-20 15-20 15-20
) RECOMMENDED TRIGGERING METHOD or EG&G TM-11 TR
EG&G TRIGGER TRANSFORMER TR-60, TR-69, TR-132 A,or TR-180
RECOMMENDED EG&G TR-70,
SERIES INDUCTANCE (NOTE 5) i . =i
NOTES: 1. Operated in a 2-inch |.D. Cavity with no Absorber. 3. EG&G TM-11 Trigger Module package can be used to trigger all EG&G externally
2. Use air cooling at a flow rate of 10-15 cu. ft./min. triggered Flash Tubes. TM-11 is operated with 110V AC input and puts out a

30kv trigger pulse that is generated by remote or pushbutton control.
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1G INFORMATION

FX-38A-3
Xenon | I 1 Luminous
Flashtube Tube Type Arc Length (inches)

demonstrates the abbreviated code which should be
%G Pulsed-Xenon Flashtubes. The FX designates that
1 flashtube. The hyphenated digits (38) indicate the
nd linear configuration. The letter A following these
‘tisanimproved version of the tube and may be used
1ent for the earlier tubes. The final digits specify the
of the tube in inches.

1d their specifications) listed in the table below make
line of Linear Pulsed-Xenon Flashtubes. When order-
type please use the entire ordering code including the
dard tube with a non-standard arc length (e.g. 5” arc

If changes other than arc length are required (e.g. special end lugs,
different gas fill such as argon, etc.) please submit a drawing or state the
specific changes requested. When ordering a special tube of this type
please indicate that itis a special by placing an X in front of the FX. Example

XFX-38A-3.

Please note that the specifications listed in the table below apply only to
standard tube types. No guarantee is made on the specifications of non-
standard tubes.

Prices shown on published price sheets apply only to the standard tube
type listed below. Prices on non-standard tube types are available upon

lease alter the final digit's to correspond with the arc ~ "€auest.
mple FX-38A-5.
FX-42C-3 FX-45C-6 FX-81-4 FX-81-8 FX-47C-3 FX-47C-6.5 | FX-47C-12 FX-77-4 FX-77-8 FX-77-13
9mm 12mm 15mm 22 mm
3 6 4 8 3 6.5 12 4 8 13
600 2,000 3,000 6,000 2,250 4,000 9,200 7,700 15,400 25,000
60 60 80 80 80 80 80 125 125 125
1.7 1.34 1.65 2.15 3.00 1.90 2.86 12 3.58 4.5
400 2,250 2,250 2,585 500 2,250 2.250 10,000 2,400 2,400
300 122 122 850 300 122 122 100 400 400
0.3 0.6 0.20 0.5 0.11 0.25 0.43 0.09 0.17 0.28
2,500 7,500 10,500 21,000 9,200 16,000 37,000 31,000 61,500 100,000
1,000 1,400 1,400 3,800 1,000 1,400 1.400 3,300 3,300 3,300
2 x 104 2 x10° 10%@ 10 10°@ 500 10°@ 50 50 50
1900 WS 1700 WS (See Notes 7000 WS (See Note 2) | (See Note 2)| (See Note 2)
(2,250 ufd, (500 wfd, 1,2 (2250 pfd
1.3 KV 2.6 KV 2.5 KV
122 uhy) 300 xhy) 122 why)
1 1.1 1 1 1.0 1.0 1.6 1.0 1.2 1.5
3 3 3.0 3 3.0 3.0 3 3.0 4.0 5
15-20 15-20 25-30 25-30 25-30 25-30 25-30 25-30 25-30 30-35
‘GGER MODULE (See Note 4)
TR-60, TR-69, or TR-153
or TR-71 TR-79, or TR-80

4. Typical Flashtube Circuits using External and Series Injection Triggering
shown on page 6. For Flashtubes with high energy per flash ratings, the
capacitance and inductance values giveh are total values used in a multi-

section pulse forming network.

5. Special chokes available upon request.

6. Flashtube life may be increased by use of rectangular
pulses generated by multisection pulse forming networks.




EXPLOSION ENERGY (JOULES = 1/2 CV?) PER INCH OF ARC LENGTH

FLASHTUBE LOADING

The graph below shows the loading (in joules perinch
of arc length) at which linear quartz flashtubes will
explode. For a flashtube with a specific bore size and
arc length, the explosion point is a function not only
of the energy input per flash, but also flash duration.

For optimum performance in free air, at room ambient
conditions, itis recommended that, for a specific pulse
duration, the energy input (per inch of arc length) not
exceed 70% of the explosion energy. Below 70% of the
explosion energy the life of the tube is substantially
increased.

EXAMPLE: An FX-38A-3 flashtube (4 x 6 mm. quartz,
3 inch arc length) will explode within 10 flashes when
operated with 420 joules energy input (140 joules per
inch) and a flash duration of 130 microseconds. The
same tube operated in free air at 50% of explosion

-

e

energy (70 joules per inch) will have an expected life of
approximately 5 x 10° flashes.

For cavity operation, it is recommended that the energy
input (per inch of arc length) for a specific flash dura-
tion, not exceed 409% of the explosion energy.

EXAMPLE: The FX-47C-6.5 flashtube (13 x 15 mm
quartz, 6.5 inch arc length) has an explosion point of
8450 joules (1300 joules per inch) at a 1.0 millisecond
pulse duration. In a cavity with a 2-inch I.D. the maxi-
mum energy input (per flash) should not exceed 3380
joules (520 joules per inch).

In addition to lowering energy input per flash, flashtube
life can also be extended by cooling the flashtube with
air, dry nitrogen, or demineralized water. See notes
on page 3, or Data Sheets 1003 and 1004 for additional
information on EG&G's air and watercooled flashtubes.

LOADING (JOULES PER INCH) AT WHICH LINEAR
(QUARTZ ENVELOPE) FLASHTUBES EXPLODE

10,000
Hllﬁ

ﬁlil-“-lllﬂl—-- ~
et

m=nnl:::m
[ A R
lIII-IIIIlII! —

1,000

100
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LOADING (JOULES PER INCH) AT WHICH LINEAR (QUARTZ ENVELOPE) FLASHTUBES EXPLODE
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TYPICAL FLASHTUBE CIRCUITS

SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC
600— SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC
2000 \luf
vDC 10K
+ 0—AAN, 103
EG&G 10W
SPRAGUE  1uf  KN-4 or-6
TYPE 150D | ‘RON 7 22M
~— 0-3 KVDC
SUPPLY
20-30VvDC l -I
i = =
= USE ONE OF THE FOLLOWING
T%fog EG&G TRIGGER TRANSF.
: TR-136 A(1500V MAX. INPUT)
TR-146A(1500V oy
TR-170 (2000V * “y
TR-179 ( 800V * oy
USING SERIES INJECTION TRIGGERING
SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC
400— SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC
1uf 3
1000 p 10
;e
+ TUBE
N \ 6"
SPRAGU ut KN-2, 4,0r 6 +
TYPE 150D | KRYTRON 7 ezM ——— 0-3KVDC
q SUPPLY
20-30VDC - C
O
— USE ONE OF THE FOLLOWING ——
EG&G - EG&G TRIGGER TRANSF. =
TR-149 TR-132A( 350V MAX. INPUT)
TR-60 ( 500V * )
TR-69 _( 500V *“ )
TR-153 ( 600V * “)
TR-180 ( 200V )
USING EXTERNAL TRIGGERING
EG&G INC.
PRODUCTS DIVISION, 160 BROOKLINE AVE., BOSTON, MASS. 02215
TEL: 817-267-8700 TWX: 617-262-9317
PRINTED IN U.S.A. 1 /67




Represented in lﬁe
United Kingdom by

_HAMILTON-DALE

n EG&G DALE HOUSE. WHARF ROAD, FRIMLEY GREEN |
o CAMBERLELY, SURREY picecur (02516) 5094
ELECTRO-OPTICS DIVISION DATA SHEET F1002C-1

i

LINEAR XENON FLASHTUBES
QUARTZ ENVELOPE

FEATURES

® QUALITY CONTROL

e QUALITY QUARTZ MATERIAL

® LONG LIFE ELECTRODES

® RELIABLE TRIGGERING

® BORE SIZES UP TO 19MM

® ARC LENGTHS UP TO 72 INCHES

® RUGGED CONSTRUCTION

® REPRODUCIBLE PRODUCTION
QUALITY

® XENON OR KRYPTON GAS FILL

e UV, VISIBLE AND IR OUTPUT

® EASILY ADAPTABLE FOR WATER

COOLING
® | ONG SHELF LIFE

APPLICATIONS

e OPTICAL PUMPS FOR SOLID STATE
AND DYE LIQUID LASERS

® PHOTOCOPY EXPOSURE

e PHOTOCOPY FUSING

® PHOTORESIST EXPOSURE

® FLASH PHOTOLYSIS

e MICROFILM, LABEL AND COMPUTER
PRINTING

o NAVIGATIONAL, SATELLITE AND
AVOIDANCE COLLISION BEACONS
e AERIAL PHOTOGRAPHY ILLUMINATION
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MECHANICAL DIMENSIONS
(inchesimillimeters)

Quartz Overall End Cap End Cap End Lug End Lug Quartz
Outline Arc Length Length Length Diameter Length Diameter Length Envelope
TUBE TYPE Drawing A(+0.063)* B (Ref) C (Max.) D(+0.015) E (Ref) F(+0.005) G (Ref) H (ID x OD mm)

FX-147C-2 4 2/51 2.78/71 4.5/114 0.24/6 0.25/6 0.25/6 0.5/13 x5
FX-1C-6 1 6/152 7.49/190 8.44/214 0.282/7 0.25/6 = - 4x6
FX-5C-9 1 9/229 10.49/266 11.44/291 0.282/7 0.25/6 = - 4x6
FX-33C-1.5 1 1.5/38 2.28/58 3.25/82 0.282/7 0.25/6 = = 4x6
FX-33C-2 1 2/51 2.78/71 3.75/95 0.282/7 0.25/6 - - 4x6
FX-38C-2 1 2/51 3.49/89 4.5/114 0.282/7 0.25/6 = - 4x6
FX-38C-3 1 3/76 4.49/114 5.5/140 0.282/7 0.25/6 = - 4x6
FX-84C-1.5 3 1.5/38 2.28/58 3.94/100 0.282/7 0.25/6 0.186/5 0.25/6 4x6
FX-85C-3 3 3/76 3.78/96 5.44/138 0.282/7 0.25/6 0.186/5 0.25/6 4x6
FX-103C-2 2 2/51 3.49/89 4.81/122 0.282/7 0.25/6 0.280/7 0.25/6 4x6
FX-103C-3 2 3/76 4.49/114 5.81/148 0.282/7 0.25/6 0.280/7 0.25/6 4x6
FX-98C-3 1 3/76 4.49/114 5.5/140 0.320/8 0.25/6 - - 5%7
FX-42C-3 4 3/76 4.24/108 5.88/149 0.394/10 0.25/6 0.280/7 0.5/13 7x9
FX-45C-6 4 6/152 7.24/183 8.88/226 0.394/10 0.25/6 0.280/7 0.5/13 7x9
FX~52C-35** 5 3/76 4.24/108 6.88/175 0.394/10 0.25/6 Mounted by 0.5/13 7x9

long, 10-32"

threaded

end lugs
FX-52C-3C*** 6 3/76 5.56/141 6.88/175 0.394/10 0.25/6 - - 7 x'9
FX-55C-65** 5 6/152 7.24/184 9.88/251 0.394/10 0.25/6 - - 7%9
FX-55C-6C*** 6 6/152 8.56/217 9.88/251 0.394/10 0.25/6 - - Zx'9
FX-81C-4 4 4/102 5.24/133 6.88/175 0.507/13 0.25/6 0.280/7 0.5/13 10 x 12
FX-81C-6.5 4 6.5/165 7.74/197 9.38/238 0.507/13 0.25/6 0.280/7 0.5/13 10x 12
FX-81C-8 4 8/203 9.24/235 10.88/276 0.507/13 0.25/6 0.280/7 0.5/13 10x 12
FX-47C-3 4 3/76 4.45/113 6.31/160 0.642/16 0.38/10 0.280/7 0.5/13 13:x 15
FX-47C-4 4 4/102 5.45/138 7.31/186 0.642/16 0.38/10 0.280/7 0.5/13 13x 15
FX-47C-4.5 4 4.5/114 5..95/151 7.81/198 0.642/16 0.38/10 0.280/7 0.5/13 13:x: 15
FX-47C-6.5 4 6.5/165 7.95,/202 9.81,/249 0.642/16 0.38/10 0.280/7 0.5/13 13x 15
FX-47C-12 4 12/304 13.45/342 15.31/389 0.642/16 0.38/10 0.280/7 0.5/13 1815
FX-47C-18 4 18/457 19.45/494 21.31/541 0.642/16 0.38/10 0.280/7 0.5/13 13 15
FX-77C-4* 4 4/102 5.56/141 8.94/227 0.926/24 0.54/14 0.50/13 1.0/25 19'%x 22
FX-77C-4.25 4 4.25/108 5.81/148 9.19/233 0.926/24 0.54/14 0.50/13 1.0/25 19 x 22
FX-77C-8 4 8/203 9.56/243 12.94/329 | 0.926/24 0.54/14 0.50/13 1.0/25 19 x 22
FX-77C-9 4 9/229 10.56/268 13.94/354 0.926/24 0.54/14 0.50/13 1.0/25 19 % 22
FX-77C-11.5 4 11.5/292 13.06/332 15.44/392 0.926/24 0.54/14 0.50/13 1.0/25 19 x 22
FX-77C-13 4 13/330 14.56/370 16.94/430 0.926/24 0.54/14 0.50/13 1.0/25 19 x 22

*FX-77C Arc Length Tolerance + 0.093.
**Stripped Tube.
***Complete Tube-Designed for Air Cooled Operation.



FLASHTUBE LOADING

The graph Figure 1 below shows the loading in
joules/inch of arc length at which linear flash-
tubes explode. This data is useful from 10 mi=-
crosecond to 10 millisecond pulse durations.
For a flashtube with aspecific bore size and arc
length, the explosion point is a function of the
energy input per flash and the pulse duration.
For useful life, tubes should not be operated in
excess of 70% of the explosion energy in free
air and 40% in a laser cavity. Flashtube life is
proportional to the percent of explosion energy.
See graph, Figure 2 for flashtube life approxi-
mation.

EXAMPLE 1: An FX-38C-3 (3 inch arc length,
quartz tube with 4mm I. D. and 6mm O.D.) can
withstand higher energy per inch as the pulse
duration increases. For example, at 100 micro-
second duration, this tube will explode in 10
flashes at 360 joules (120 joules/inch); at 1

millisecond duration, this tube will explode in
10 flashesat 1200 joules (400 joules/inch). For
useful flashtube life, tube should be operated in
the 10% = 40% range of explosion.

EXAMPLE 2: An FX-47C-6.5 (6.5 inch arc
length, quartz tube with 13mm |.D. and 15mm
O.D.) will explode with 8450 joules (1300
joules/inchx 6.5 inches) at 1 millisecond dura-
tion. Useful flashtube life can be obtained if
operated between 845 to 3380 joules or 10% to
40% of explosion.

In addition to lower energy input per flash and/
or increasing pulse duration, flashtube life can
be extended by cooling tube with forced air,
dry nitrogen or demineralized water. See
EG&G/Data Sheet No. F1004 for water cooled
flashtube data.

LOADING (JOULES PER INCH) AT WHICH LINEAR
(QUARTZ ENVELOPE) FLASHTUBES EXPLODE

10,000
19x22mm(1.D.x0.D.)]
i 13x15mm(1.D.x0.D.,)]
= 10x | 2mm(1.D.x0.D.)/
u )
7x9mm(1.D.x0.D.
E -AT 1.0 MILLISEC EXPLOSION ENERGY FX-47C-6.5- / 5x7 ‘( ! D L
3 1300 JOULES x 6.5 = 8450 JOULES o KT mm{1.D.x0.04)
) e e —-T al 4x6mm(|.D.XO.D.)
ﬂé 1000 3x5mm(1.D.x0.D.)
w
o
I —+
E | AT 100..SEC EXPLOSION g afiF”
o ENERGY FX-38C-3= ~ L
Lux_.x 120 JOULES x 3= > -
o Al L ~—
w
1 100
: -
2 "l
S
(@)
o~
=
10
1.0 SEC 10, SEC 100, SEC 1.OmSEC 10mSEC 100mSEC

PULSE DURATION (1/3 PEAK AMPLITUDE)
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LIFE APPROXIMATION FOR QUARTZ LINEAR

FLASHTUBES
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LIFE (NUMBER FLASHES)

1. Life test conditions were
performed at ambient
temperature of 25°C.

2. End of life is determined
when light output de-
creases to 50% of initial
value.

XENON FLASHTUBE SPECTRAL OUTPUT DATA

RELATIVE LIGHT OUTPUT

I

|

1 1 | 1 1 1

100

200

300

400 500 600 700 800 900
WAVELENGTH (NANOMETERS)

1000

1100

1200

Spectral data curves show the effect of opera-
ting the FX-38C-3 (4mm . D., 3 incharc length,
xenon filled = 400 torr) flashtube at 50 joules
input at low and high voltage to enhance either
the IR or the UV output.

Solid line curve shows data at 50 joules input or
1400 VDC, 51 uF, 0 inductance. Dotted line
curve shows data at 50 joules input or 700 VDC,
205 4 F, 0 inductance. Shifts in spectral data
are primorilg due to changes in current density,
J, amps/cm?. Higher current density, J, shifts
spectral output toward the shorter wavelengths or
blue region, UV. Conversely lower current den=
sity, J, shifts spectral output toward the longer
wavelengths or red region, IR. ’

Data was taken with EG&G 580/585 Spectro-
radiometer system. Spectral resolution 10 nm in
the 200 - 700 nm region; and 20 nm in the 700 -
1200 nm region.

See Figure 3.



XENON QUARTZ (FUSED SILICA) ENVELOPE LINEAR
FLASHTUBE RATINGS

TUBE DESCRIPTION FX-147C-2 | FX-IC-6 | FX-5C-9 | FX-33C-1.5 | FX-33C-2 FX-38C-3 FX-98C-3 | FX-42C-3 | FX-45C-6 | FX-81C-4 | FX-81C-6.5 | FX81C-8
FX-84C-1.5 | FX-38C-2 FX-85C-3 FX-52C-3 | FX-55C-6
FX-103C-2 | FX-103C-3
Quartz Envelope (ID x OD mm) 3x5 4x6 4x6 4x6 4x6 4x6 Stz 7x9 7x9 10x 12 10 x 12 10 x 12
ARC Length (inches/milli-
meters) 2/51 6/152 9/229 1.5/38 2/51 3/76 3/76 3/76 6/152 4/102 6.5/165 8/203

ELECTRICAL CHARACTERISTICS

Minimum Starting Voltage,

vV (kV dc) 0.5 0.7 12 0.5 0.6 0.7 0.8 1.0 1.1 1.0 1.0 10
Minimum Trigger Voltage 0)
Vi (kV) 15 20 20 15 15 15 15 20 20 25 25 25

ATt=100us FLASH DURATION ®
Maximum Energy Input, E ®

(joules) 133 546 819 137 182 273 360 462 F4 980 1592 1960
Voltage, V (kVdc) 2.1 5.5 8.2 1.4 1.8 1.8 1.6 2.1 2.4 2.4 3.9 4.9
Inductance, L H) 28 45 68 13 15 23 15 8 15 5 8 10
Capacitance, C(uF) 58 36 24 128 106 71 106 212 106 320 212 160

Tube Impedance Ry (2)© 1.1 1.8 2.7 0.5 0.6 0.9 0.6 0.3 0.6 0.2 0.3 0.4

ATt=1000ps FLASH DURATION ®
Maximum Energy Input, E ®

(joules) 420 1680 2520 420 560 840 1050 1490 2980 3080 5000 6160
Voltage, V (kVdc) 1.35 2.8 5.3 0.89 1.2 1.8 1.6 1.36 2.7 1.7 2.5 3.1
Inductance, L (uH) 350 400 900 150 200 300 200 100 200 75 100 125
Capacitance, C (uF) 460 265 177 107 800 535 800 1600 800 2120 1600 1280

Tube Impedance, Ry (@) 1.4 2.4 3.6 0.6 0.8 1.7 0.8 0.4 0.8 0.3 0.4 0.5
MAXIMUM AVERAGE POWER (watts) ®
Convection (25°C Ambient) 15 40 50 10 15 20 30 60 80 80 90 100
Forced Air (10-15 cu ft/min) 120 320 400 80 120 160 240 480 640 640 720 800
Water (1 gpm at 25°C) 900 2400 3000 500 900 1000 1800 4000 8000 8000 9000 10,000
LIFE IN NUMBER OF FLASHES See Life Chart Figure 2

NOTES:

@ Trigger voltage is measured at unloaded secondary of Trigger Transformer. See EG&G data sheets
on Trigger Transformers, Chokes, and Trigger Modules.

@ Circuit constants are based on RLC, single mesh, critically damped conditions, and pulse width,
at 1/3 peak amplitude of current pulse.

= ol _ 4pt RT = tube impedance
T A v”2 p = resistivity - ohm-cm
L = arc length-inches
D = bore of tube - cm
0,048 ¢ B X ; .
RT = (p = 0,015 for T =100 us) [Formula includes the conversion
D~ of inches to cm. ]
R - 0.0658 (5~ 0,020 for T >100 us and = 1000 us)
2
0.082 ¢ :
R,, = ———— (p = 0,025 for T >1000 us)
iy 2
D
T = 2.8 LC
R,.T
B T . _ I 2
L = = b ) E = CV

Energy ratings are based on 70% of Explosion, E = 1/2 CV2 (see Figure 1).

Temperature at end caps to quartz seals should not exceed 200°C. Average power = joules x flash
rate. Higher temperature seals available on request.

Tube impedance calculations are close approximation due to bore (I.D.) of quartz envelope and
can vary by as much as 20%.

For arc lengths not indicated in chart above, ratings for energy and tube impedance vary on a
linear basis.

® © 6O




FX-47C-3 | FX-47C-4 | FX-47C-4.5 | FX-47C-6.5 | FX-47C-12| FX-47C-18 | FX-77C-4 | FX-77C-4.25 | FX-77C-8 | FX-77C-9| FX-77C-11.5 | FX-77C-13
13x 15 13x 15 13x 15 18x 15 13x 15 13ix 15 19 x 22 19 x 22 19 x 22 19 x 22 19 x 22 19'x 22
3/76 4/102 4.5/114 6.5/165 12/304 18/457 4/102 4.25/108 8/203 9/229 11.5/292 13/330
1 1 1 1 1.3 1.6 1.0 1.0 1.2 1.2 1.3 1.5

20 20 20 25 25 25 25 25 25 25 25 25

860 1150 1300 1865 3400 5160 1624 1827 3428 3650 4670 5278
1.5 2.0 2.3 3:3 6.0 9.0 1.6 17 3.4 3.7 4.7 5.3

2 2.8 3.3 4.8 8.5 1.3 1.3 1.3 2.8 3 3.8 4.2
710 580 490 336 188 128 1280 1280 580 530 425 380
0.09 0.1 0.13 0.19 0.34 0.5 0.05 0.05 0.1 0.12 0.15 0.17
2040 2720 3100 5500 8160 12,240 5040 5355 10,000 11,340 14,500 16,400
1.2 1.1 1.3 2.1 4.2 5.1 1.1 1.1 2.1 2.4 3.1 3.5
30 40 42 63 115 175 175 20 35 40 53 58
5300 4000 3750 2560 1400 915 9150 8000 4570 4000 3050 2750
0.12 0.16 0.17 0.25 0.46 0.70 0.07 0.08 0.14 0.16 0.2 0.23
75 85 90 100 125 135 125 125 150 150 200 220
600 700 720 800 1000 1080 1000 1000 1200 1200 1600 1760
7500 8500 9000 10,000 12,500 13,500 12,500 12,500 15,000 15,000 20,000 22,000

ORDERING INFORMATION

EG&G letter and number designations specify

standard tube types.

Example:

F X

Flashtube —-lr

Xenon

QUARTZ ENVELOPE: Unless otherwise speci-
fied, all tubes are supplied with quartz (fused
silica) envelopes.

UV INHIBITING QUARTZ: Tubes can be sup-
plied with envelope material which cuts off
spectral output in the ultra violet region elim-
inating Ozone. This material has the same en-
ergy loading characteristics as the standard
quartz and should be ordered by specifying the
letter G e.g., FXG-42C-3.

GAS FILL: Xenon is the gasused for most stand=-
ard tube types. Krypton, argon or mixtures of

2 C 3

L7 Arc Length in inches

Basic End Cap Design

these gases are also available. For krypton fill
tubes, specify the letter Ke.g., FK-42C-3.

PRESSURE FILL: Standard tubes are supplied
with pressure fills between 200 = 500 torr xenon.
Pressure fills up to 4 atmospheres are available
upon request in either xenon or krypton.

SPECIAL DESIGNS: Custom design tubes are
available with arc lengths up to 72 inches.
Changes in quartz dimensions and configura=
tions, flexible leads and special mounting hard-
ware are readily available upon request.




FLASHTUBE CIRCUITS

SERIES INJECTION TRIGGERING (circuit 1)

SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC
SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC

600—

2000 \ Lut

vDC

( - FLASH-
+ TUBE 103
EG&G \Ps = .
SPRAGUE  1,f KN-4,0r-6
TYPE 150D KRYTRON 22M E
0-3 KVDC

SF

c —  SUPPLY
20-30VDC SS l *1
PF

i i =

== USE ONE OF THE FOLLOWING
T%GI&“&GQ EG&G TRIGGER TRANSF.

’ TS-136B (1500V MAX. INPUT)
TS-146A (1500V v
TS-170  (2000v iy
TS-179 ( 800V - “ 3

EXTERNAL TRIGGERING (circuit 2]

SPRAGUE TYPE 118P FOR VOLTAGES UP TO 600VDC
SPRAGUE TYPE CP70 FOR VOLTAGES UP TO 2KVDC

400—
1000 \ Luf 10°
vDC ( it L 10W
+ 0 \ TUBE [ 4
- EG&G PS
SPRAGUE st KN-2, 4, 0r 6\ +
TYPE 150D | KRYTRON 22m SF —— 0-3KVDC
q —— SUPPLY

C

20-30VDC P
PF SS

/ J ¢

= USE ONE OF THE FOLLOWING ——

EG&G e EG&G TRIGGER TRANSF. =
TR-149 TR-132C ( 350V MAX. INPUT)
TR-60 ( 500V " @y
TR-69 ( 500v “ )
TR-153 ( 600V * )
TR-180B ( 200V * w0y

OVERVOLTAGE FLASHTUBE OPERATION
USING TRIGGERED SPARK GAP (circuit 3)

500pf
EG&G
TM-11A
_9 EG&G TRIGGERED
SPARK GAP
—l— 500pf
R
A4 w
e
+ +
15 KVDC —— 500k FLASHTUBE
SUPPLY ~—

=

USED FOR LASER STIMULATION WHERE SHORT FLASH DURATION (1-10s) AT 10-15KVDC IS DESIRED.

All Data and Specifications Subject to Change Without Notice
EG&G INC. ELECTRO — OPTICS DIVISION, 35 CONGRESS STREET, SALEM, MASS. 01870
TELEX. 848468

PRINTED IN U.S.,A, 3/73

TEL: B17-745-3200 TWX: 710-347-68741



BULLETIN 1001

. &Bb

BOSTON, MASSACHUSETTS

SAN Tl: SB X::AARSA : NCEAVLAII?(;\R NIA XENON FI-ASH TUBES
TRIGGER TRANSFORMERS
CHOKES

EDGERTON, GERMESHAUSEN & GRIER, INC.

160 Brookline Avenue, Boston 15, Massachusetts




Xenon flashtubes are efficient light sources which convert stored electrical energy into
an intense burst of visible light and radiant energy in the ultraviolet and infrared
regions. Their most important attribute is the ability to produce high peak light at com-
paratively short flash durations. Spectral quality is essentially that of daylight, encom-
passing the entire visible range, extending as well into the UV and IR.

Xenon flashtubes can be obtained in a wide variety of configurations to suit the applica-
tion. They can be designed for operation at flash rates of thousands of flashes per
second, as intense single flash sources with light output ranging to tens of millions
peak candlepower, and as short arc light sources having a flash duration on the order
of one microsecond. Basic external circuit requirements are minimal and relatively simple.

From a device initially used in photographic and stroboscopic applications, the xenon
flashtube has evolved into an extremely flexible present day tool. Guided by the
pioneering efforts of Dr. Harold E. Edgerton, EG&G has been engaged from the begin-
ning in a continuing program of research and development to meet the rapidly expand-
ing utilization of xenon flashtubes in a multitude of applications.

APPLICATIONS

The versatility of xenon flashtubes is evidenced by the fact that they are used in equip-
ment whose environment ranges from ultimate ocean depth to outer space. Their use in
scientific, engineering, industrial and military areas is expanding, and the list of diver-
sified applications given below partially illustrates their flexibility.

Laser Stimulation

Flash Photolysis

Medical Research

Fluor Stimulation
Semiconductor Research
Ballistic Studies

Satellite Flashers

Marine Beacons

Aircraft & Airport Beacons
Visual Signal Devices
Warning Lights

Night Aerial Photography

Underwater Photography
Sensitometry

High Speed Photographic Strobe
Microscopic lllumination
Film & Paper Timing
Photographic Reproduction
Typesetting

Readout

Training Devices

Printed Circuits

Ignition Timers

Visual Strobes

For assistance with your application or for information concerning special configura-
tions, please contact EG&G Application Engineering Group.
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PERFORMANCE DATA FX-1 FX-2 FX-3 FX-6A FX-6B FX-6U
Max. Long Term Average 40 see energy limit per burst 7 7 7
Power Input — Watts below
Max. Energy Input per Flash — 400 1.25 1.25 5 5 5
Watt-Seconds or Joules
- 200 ufd, 2 kv 0.04 ufd, 0.04 ufd, 24 ufd, 24 ufd, 24 ufd,
at Specified Conditions 8 kv 8 kv 0.65 kv 0.65 kv 0.65 kv
Nominal Light Output per 2,000 0.6 0.84 2.5 2.5 25
Flash at Max. Input —
Horizontal Candlepower
Seconds (HCPS)
Nominal Flash Duration at 250 2 2 12 12 12
Max. Input (Vs peak) —
microseconds
Typical Flash Rate 1 per 10 800 per sec. 600 pps 1,000 pps 600 pps
seconds Limit energy per burst to
1,500 w-s total — allow 5 min.
between bursts.
Nominal Life at Stated Input 10° at 200 105 to 108 10° to 105 10° @ .008w-s|  Same as Same as
(in free air) — No. of Flashes w-s, (100 ufd, 107 @ 0.4 w-s FX-6A FX-6A
2 kv) 1.8 ufd, 640 v
OPERATING LIMITS
Min. Operating Voltage — volts 700 - —— 400 500 400
Max. Operating Voltage — volts 3,000 - - 1,500 1,500 1,500
Typical Trigger Voltage 15-20 Overvolt Overvolt 2.5 t0 4 kv 4106 kv 2.5t04 kv
Range — Kilovolts internally internally internally
triggered triggered triggered
OTHER CHARACTERISTICS
Arc Resistance During 2 50 50 0.14 0.14 0.14
Discharge — ohms
Approximate Arc Length — 6" coil %" 3% Yo" %" 16"
(see illustration) wide, (3%”
if straight)
Recommended Trigger Trans- TR-50 —_ —_ TR-36, TR-76 TR-90 TR-36, TR-76
former — EG&G or or
TR-90 TR-90
Recommended Choke (if any) — —— —— —— —— — ——
EG&G
Envelope Material Quartz Inner envelope — quartz Corning 0080 Corning Corning
Outer envelope — Corning 0080 9823 UV
#1740 glass
Mounting Littlefuse Standard Sub- Same as Same as
clips #101001 —— —— miniature 9 FX-6A FX-6A
pin noval tube
socket
Polarized Operation No No No Yes Yes Yes
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PERFORMANCE DATA FX-11 FX-12 FX-31 FX-33 FX-38A
Performance Data Under 4 Operating Conditions
Max. Long Term Average 1 2 4 10 20 20 20 20
Power Input — Watts
Max. Energy Input per
Flash — Watt-Seconds or 1 5 1 100 400 200 200 100
Joules
at Specified Conditions 2 ufd, 2.5 ufd, 5 ufd, 100 wfd, 400 wfd, 500 wfd, 200 ufd, 100 wfd,
1 kv 2 kv 0.65 kv 1.4 kv 1.4 kv 0.9 kv 1.4 kv 1.4 kv
with without without without
600 xh choke choke choke
choke
in series
with
flashtube
Nominal Light Output 1 2.5 0.5 200 800 600 600 300
per Flash at Max. [nput- (vertical)
Horizontal Candlepower
Seconds (HCPS)
Nominal Flash Duration 3 6 3 150 1 400 160 80
at Max. Input (Y5 peak) — 100 w-s msec
microseconds 265 pd
900 v.
Typical Flash Rate 1 per 6,000 600 1 per 1 per 1 per 1 per 1 per
SEc. pps pps 10 sec. 20 sec. 10 sec. 10 sec. 5 sec.
Nominal Life at Stated 2 x104 6,000 10° @ 104 @ 10° @ 5x 104 103 at 5x 104
Input (in free air) — atlw-s .008 w-s 100 200 w-s at above above at above
No. of Flashes (0.5 wufd, 107 @ W-S, 400 wfd conditions conditions conditions
2 kv) 0.4 w-s, 100 1 kv
1.8 ufd 1.8 ufd, wfd, with
650 v 1.4 kv 600 wh
choke
OPERATING LIMITS
Min. Operating Voltage- 600 400 500 500 700 700 700 700
volts
Max. Operating Voltage- 3,000 3,000 1,500 2,500 2,500 2,500 2,500 2,500
volts
Typical Trigger Voltage 10 15-20 2.5-4 15-20 15-20 15-20 15-20 15-20
Range — Kilovolts Internally
triggered
OTHER CHARACTERISTICS
Arc Resistance During 0.1 1 0.14 0.5 1 1 1 1
Discharge — ohms
Approximate Arc Length — | %" W %" 1%" 3" 3" 3" 3"
(see illustration)
Recommended Trigger TR-50 TR-50 TR-36, TR-50 TR-50 TR-50 TR-50 TR-50
Transformer — EG&G TR-76 or
TR-90
Recommended Choke (if TR-70
any) — EG&G — — - —— or - — =
TR-71
Envelope Material Quartz Quartz Corning Quartz Quartz Quartz Quartz Quartz
0080
Mounting Little- Little- Std. Sub- Little-
fuse fuse miniature fuse — —_ —_— ——
9 pin noval clips
tube socket #101001
(socket must
be open in
center to allow
for tip-off
in base.)
Polarized Operation No No Yes Yes Yes Yes Yes Yes
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FX-47
FX-42 FX-45 Performance Data Under FX-51 FX-100
PERFORMANCE DATA 3 Operating Conditions
Max. Long Term Average 60 60 40 40 40 60 20
Power Input — Watts
Max. Energy Input per Flash — 600 2,000 10,000 7,500 5,000 600 100
Watt-Seconds or (max.)
Joules
at Specified Conditions 400 ufd, 500 2,200 2,200 2,200 400 100 wfd,
1.7 kV, }lfd, /.Lfd, nfd. /J.fd, ufd, 1.4 kv
with 300 2.8 kv 3.0 kv 2.6 kv 2.15 kv 1.7 kv
wh choke with with with with with
in series 300 wh 850 wh 850 wh 850 wh 300 wh
with choke in choke choke in choke in choke in
tube series in series series series series
with with with with with
tube tube tube tube tube
Nominal Light Output 2,500 7,500 40,000 30,000 20,000 2,500 250
per Flash at Max. Input —
Horizontal Candlepower
Seconds (HCPS)
Nominal Flash Duration 600 1 msec 2.2 msec 2.2 msec 2.2 msec 600 150
at Max. Input (s peak) —
microseconds
Typical Flash Rate 1 per 1 per 1 per 1 per 1 per 1 per 1 per
10 sec. 35 sec. 4 min. 3 min. 2 min. 10 sec. 10 sec.
Nominal Life at Stated 5,000 at 1,000 @ 50 at 1,000 at 7,500 at 5.000 at 104 at
Input (in free air) — above 2,000 above above above above above
No. of Flashes conditions w-s, 1,000 conditions conditions conditions conditions conditions
ufd, 2.0
kv, with
300 wh
choke in
series
with
tube
OPERATING LIMITS
Min. Operating Voltage — 1,000 1,100 1,000 1,000 1,000 1.000 600
volts
Max. Operating Voltage — 3,000 3,000 3,000 3,000 3,000 3,000 2,500
volts
Typical Trigger Voltage 15-20 15-20 25 25 25 15-20 15-20
Range — Kilovolts
OTHER CHARACTERISTICS
Arc Resistance During 0.3 0.6 0.2 0.2 0.2 0.4 0.9
Discharge — ohms
Approximate Arc Length — 3r 6" 62’ 62" 515 3" 2%" in
(see illustration) flat part
of =
Recommended Trigger TR-50 TR-50 TR-50 TR-50 TR-50 TR-50 TR-50
Transformer — EG&G or or or
TR-60 TR-60 TR-60
Recommended Choke (if TR-70 TR-70 TR-79 TR-79 TR-79 TR-70
any) — EG&G or or or or or or ——
TR-71 TR-71 TR-80 TR-80 TR-80 TR-71
Envelope Material Quartz Quartz Quartz Quartz Quartz Quartz Quartz
Mounting Fuse- Fuse- Little- Little- Little- Fuse- Little-
clip clip fuse fuse fuse clip fuse
Polarized Operation Yes Yes Yes Yes Yes Yes Yes
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ENERGY STORAGE

GENERAL INFORMATION

Average Power = w-s x f
w-s = watt second input/flash
f = flashes/sec.

Cvz

2
C (mfd) = value of energy stor-
age capacitor
V (kv) = voltage to which C

Watt-seconds =

TRIGGER CIRCUIT

|||>—1

is charged

FX-I &
FLASH Ry =107 2w
TUBE Cr=0.1uf
103
1ow
TR-50
TRIGGER
= + TRANSFORMER Ry
= 2000v 1oouf T C s
Cr

Fig. |

Typical circuit illustrating basic
charging and triggering ar-
rangement.

Fig. Il

Typical circuit for use with
FX-6A type internally triggered
flashtubes.

bC
SUPPLY
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:T
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TRIGGER

o

TRANSFORMER*

.
1

i

o of
SIGNAL
INPUT
L

-lov

*Trigger Transformer EG&G

Type TR-36

C — Value determined by for-

mula (w-s = 1/2 CV2)

YV — Value determined by for-
mula (w-s = 1/2 CV2)
— 4.7 wppf 3 kv (Sprague
30GAB-Y47 or equiva-
lent). Printed circuit ca-

pacitors can be used.

— Trigger voltage (2.5 —
4 kv)

— Value determined by flash
repetition rate (controls
time constant RiCr)

— Value determined by trig-
ger transformer require-
ments and flash repetition
rate.

C.

Cr

+300V

1LOpt—I5KV

TRIG.
* Cr 0.1 pt——I10KV)
0.025pf— 7 KV ’

Fig. IlI

Typical SCR trigger circuit
i 100K SCR = Silicon control rectifier
W % 300V-1A for single shot
Cir and low repetition rates,
—F 300V-5A for higher rep-
LocaL |° etition rates,
sw. 1o & *TRIGGER Note that different values of Cr
- VOLTAGE will provide a ran f tri
ge of trigger
voltage outputs (additional
curves in trigger transformer
| 2K 3 0.02uf section).
IN207I
4 TRIG. IN - L
o
VISUAL 1A 10°CMm
(-]
1A |o"°,‘
(3500) (8000) (" 104A
‘ i0R
A Fig. v
Approximate spectral output of
xenon flashtubes with quartz
envelope (not to scale).
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TRIGGER TRANSFORMERS

For many years EG&G has been a recognized leader in the
development and operation of triggering and firing devices. From this
work has evolved a complete line of related components. Among
these are trigger transformers and chokes.

EG&G Trigger transformers were developed for triggering
flashtubes, spark gaps, and similar devices.

The units described in this data sheet are only a few of the many
types manufactured. In most cases special trigger transformer
requirements can be met by either an existing design or by a
custom-engineered unit. For complete information contact the EG&G
Applications Group.

SPECIFICATIONS

TR-36 *TR-50 TR-60 TR-69 | TR-76 | TR-90

Maximum Primary

Discharge Voltage 400 500 1,000 1,000 20 20
(volts dc)
Peak Voltage Out
KV) 6 25 40 60 4 5.5
Turns Ratio 1:15 1:35 1:40 1:60 1:188 1:250
Typical Qutput
Pulse Duration 6 5 6 3 6 6

(varies with input
capacitance)  (usec)

Overall Dimensions 7 X 2/ x 2% x| 3 x %4 X Y% x

%6 206 X 2% X 4x 2% Y6 %

Umehes) dia. 2high | 3'high | high dia. dia.
Mounting Holes** (A) Movmed | 1¥s 1% 2% Mounted with
(inches center to 16-32 #6-32 screw
center) (B) k) % 6 3% through center
Weight (Ibs) Y 1 1% 1% Ya Ya
Shipping Weight (Ibs) 3 4 4 5 3 ' 3

Notes *TR-50 is an exact replacement for Model TR-35 except that it has improved
insulation.
**Size of mounting holes for TR-50, TR-60 and TR-69 are 3;,” diameter.



OPERATING DATA

The charts below will help you select the most suitable transformer
for your specific requirements. Peak voltage output is plotted against
primary discharge voltage at different values of discharge capacitance.

R\
AN

TR-76 TR-36 TR-50
TR-60 TR-69 TR-90
INSTALLATION R C @
For connecting transformers see 4 {IV o
circuit diagram, and illustrations on T
left side of opposite page for ter- - =
minal identification. OUTPUT
P, — Primary start VPRIMARY /j TR Ih?slggg?n ER TRIGGER
P; — Primary finish ' DISCHARGE o PULSE
S, — Secondary start
St — Secondary finish l
C — Discharge capacitance into
primary transformer. *— L/

R — Series limiting resistance. @

SIMPLIFIED TRIGGER CIRCUIT



TR-70 & TR-71

TR-79

LUGS EXTEND 2"

Printed in U.S.A.

CHOKES

In order to provide designers with a complete line of accessories
for electronic flash circuit applications, EG&G produces a line of
chokes designed especially to meet the requirements of EG&G xenon

flashtubes.
SPECIFICATIONS
TR-70 TR-71 TR-79 TR-80
Inductance (microhenries) 300 600 550 850
D C Resistance (ohms) 0.17 0.23 0.031 0.044
Voltage (KV) 4 4 3 3
Maximum Peak Current for
1 Millisecond Pulse 2,000 2,000 5,000 5,000
(amperes)
Maximum RMS Current *
(amperes) 8 8 10 10
Dimensions (inches) )‘?:{’%x Hg‘ﬁ 8x8x43%4 high | 9x9x434 high
Mounting Holes** (inches (A) 13 13 (37) 7Y2
center to center) (B) 2% 2% 6% 7Ys
s FX-38 FX-38
RETE Tor g vt FX-42 P42 Y47 FX-47
FX-45 FX-45
Weight (Ibs.) Y% 1 13 17
Shipping Weight (Ibs.) 4 4 16 20

Notes

*lous = V Ipeak X lavsrags where laversge = lpeac X Duty Cycle
**Mounting holes for TR-70 & TR-71 are %" diameter.
Mounting holes for TR-79 & TR-80 are %4-20 threaded.
***Can also be used with other flashtubes having similar ratings.

MOUNTING — Due to the intense magnetic fields generated during discharge, chokes
should be securely mounted away from metallic objects and components influenced by
magnetic fields. Flexible leads are desirable. Magnetic coupling should be avoided when
two or more chokes are used. !

DATA AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
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