Types of Flashlamps
Although there are many shapes and
sizes of [lashlamps, there are only two
distinct types — linear. or wall-stabi-
lized: and bulb, or probe-stabilized.
unconfined arc lamps. This technical
brief addresses the operating characler-
istics of the linear lamp.

The linear type is of glass or
quartz tubing construction with an elec-
trode mounted at each end (Figure 2).

Glass or Quartz-
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The bore (inside diameter of the lamp)
is completely filled with plasma (ionized

Electrical Characteristics

In the nonionized state, a flashlamp has
high impedance {tens of megohms);
therefore, all curvent from the power
supply initially flows imo the capacitor
{(Figure 3). As the vollage across Lhe
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capacitor is increased, a poinl is
reached, called the breakdown vollage.
where xenon atoms are ionized and the
impedance of the fashlamp starts to
drop. In a short period of time, enough
xenon atoms are fonized so that a fow-
impedance path is formed from anode to
cathode, and current flows from the
capacitor through the flashlamp. As this
oceurs, more xenon aloms are ionized:
the arc impedance conlinues 1o drop to
the millichm region; and the arc
expands outward, eventually filling the
bore of the (lashlamp. Most of the ener-
gy stored in the capacitor is expended in
a matter of microseconds so thal, even-
tually, the current through the (ashlamp
drops Lo such a low level that the tube
deionizes and stops eonducting. At this
point, the capacitor slarts recharging.

gas) when the lamp is flashed. Linear
fashlamps can be made into a variety of
shapes including helical, ring, U, and
pi: electrically, however, there is no difl-
ference between two lamps that have the
same bore size, arc length {distance
between electrodes), and {ill pressure.
Linear flashlamps are well suited to
applications requiring a line source and
moderate io high energy levels, such as
lasers, photocopiers, microfilming, video
cameras, and visual beacons. Bore sizes
from 1 to 19 mm and are lengths from

1 to 48 inches are commonly available. {

Although the cireuit in Figure 3 is
a useful illustration of bow a flashlamp
works. it is not a practical cireuit. The
breakdown voltage of most xenon flash-
tubes is high, typically 10 kV or mare,
and not very repeatable. Therefore, most
practical flashlamp circuits utilize a
capacitor charging voltage which is
much lower than the breakdown voltage.
Conduetion is then initiated by applica-
tion of a briel high-voltage trigger pulse.
Figure 4 shows a Lypical circnit with a
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trigger transformer connected 1o a trig-

ger wire wrapped avound the flashlamp.
The trigger pulse is typically in the
10-20 kV range with a duration of about
1 microsecond. Other methods of trig-
gering are discussed in detail later in
this text. |
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Critical Damping

In most practical {lashlamp circuits, an
inductor, L, is placed in series with the
lamp and capacitor as shown in Figure 4.
The values of the inductance. L, the
capacilance. C, and the charging voll-
age, V. are chosen carefully so that the
energy is transferred to the flashlamp in
a critically damped pulse. Critical
damping is extremely important since il
results in the most efficienl transfer of
energy {rom the capacitor to the lamp.
For a flashlamp, a damping factor (o)
of 0.8 is considered to be optimal. For
damping factors over 0.8. the cireuit is

considered to be overdamped, resulting
in lower peak currents and power. For o
less than 0.8, the circuit is considered
to be underdamped. resulting in lower
peak power, less efficient energy trans-
fer and shorter Jamp life. Also, the
underdamped circuit produces a eurrent
reversal {or ringing) condition which is
detrimental to lamp life. |

Low Power Air Cooled Fashlamyps

Flashlamp Impedance

The design of a critically damped (lash-
lamp eircuit would be straightforward if
it could be treated as a traditional RLC
circuit. However, the flashlamp cannol
be treated as a linear resisior. [t is in
fact a dynamic impedance, designated
K, (in chm-amperes=). Gonez (1965)
found the instantaneous lamp vollage
and current to be related hy:

I V=xK, i1

Based on work by Noble and
Kretschmer (1972), it has been shown

that K, is a function of lamp size, fill
gas, and fill pressure:

2 k=128 £ (@)

where:

¢ = arelength in mm
d = bore size in mm

p = fill pressure in torr
X =

constant = J450 for xenon
805 for krypton f




Circuit Design
Once the flashlamp parameter. K, has
heen determined, values of inductance
L, capacitance C, and inilial capacilor
vollage V, can be chosen for the single
mesh circuit shown in Figure 5.

From the work of Markiewicz and
Emmett (19606), it follows that (see
Appendix A for complele derivation):

(3) C = [2E, 0’ T2K, ¥

) _ T2

) L=1

(5) Vo= 2k

;), C
where:

C = capacitance (Farads)
= inductance (henries)

<t
1

initial capacitor vollage

e
1l

energy stored in
capacilor (joules)
damping parameler =

Q
1}

0.8 for critical damping

T = —l%’— = circuil fime constant,
an approximate relationship
(see Appendix A)

5= current pulse width
(measured at 1/3 of peak)

This set of three equations (3}, (4),
and (5 gives explicit values for capaci

Peak Current

tance, inductance, and vollage once
KoEo 13 and a are specified. K, can
be calculated by solving Equation (2) or
it can easily be found, since il is listed
in the specifications of all EG&G flash-
lamp data sheets. E, and t; are simply

-

the: desired input energy and pulse
duration. a describes the pulse shape
and is usually chosen to be 0.8 lor crili-
cal damping. A very important axiom
should be voted here:
For o given flashlamp. pudse width. and
energy, there is onlyv one vadue for €L
and Vihat will result in critical damping.
The curves in Figure 6 represent
solutions of Equation [A-2] in Appendix
A for various values of a. These curves
illustrate why eritical damping is
important. |

1t is importan! to know the peak current through a flashlamp for several reasons.
First, the spectral output is a function of the current density through the flashlamp
(see page 13). Also, there are limitations on peak current which, if surpassed, result
in damage Lo the famp and early failure. The relationship

V=xK,1il?

gives the instantaneous values for voltage and current al any point during the

discharge, but does not indicale the peak values. Peak current is calculated from:

ka = V:,
4L+ R
where
V, = capacitor charge voltage
Zo = NLIC = eirenit impedance
R,

P’{ = {lashlamp resislance

= 0.015 for {3 < 100 S

p = {lashlamp sensitivity

= 0020 for 100 pS <1, < 1T mS

=0.025 for > 1 mS

A = cross-sectional area of (lashlamp bore in em?

Z = are length in ¢m




Pseude-Series Trigger

As in the series technique, the irigger
voltage is applied directly to one of the
flashlamp electrodes. However, in this
circuit an external trigger transformer is
used but the capacitor discharge does
not pass through the transformer sec-
ondary. Blocking diodes prohibit the

trigger voliage {rom appearing across

the discharge capacitor. The blocking
diodes must be selected with care as
they not only hold off the high voltage
trigger pulse but must be capable of
carrying the discharge current as well.
Should eritical damping be required, an
inductor of appropriate value must be
added in the discharge loop. |
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Simmer Circuit

This simmer mode lechnique utilizes a
separate power supply lo maintain a
continuous DC currenl through the
flashlamp and keep it in the ionized
slate. Typical simmer currents ave 100
milliamps up to several amps. Flash-

Simmer Circuit

lamp pulsing is accomplished by closing
a swilch, lypically an SCR, in series
with the capacitor and {lashlamp. An
external or series trigger cireuit is also
required 1o initially slart the flashlamp. |
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Pseudo-Simmer Circuit
In the pseudo-simmer circuit shown, the
simmer current is turned on just before

Pseudo-Simmer Circuit

the main discharge so the flashlamp is
pre-ionized. |
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Triggering

Five types of triggering are commonly used: external, series. pseudo series, simmer,

and pseudo simmer. |

External Trigger

External triggering creates a small arc
streamer hetween the electrodes by
applying a high voltage lrigger pulse to
a thin wire wrapped around the outside
of the lamp. The pulse can also be
applied to a metal bar, reflecior, or cavi-
ty as long as the metal covers the entire
distance hetween the electrodes. In
these latter cases. the spacing between
the lamp and metal piece should be no
more than 1/4-inch and somewhat high-
er trigger voltages may be needed. The
trigger pulse is supplied by a high-turns

External Trigger

ratio transformer which can be compact
and lightweight, since it has 1o produce
high voltage hut little current {100-300
mA). A finile amount of time is required
for the trigger streamer to propagate
down the bore of the flashlamp. The
pulse duration for external triggering
should be 200 nanoseconds per inch of
are length. Required trigger voliages
depend on are length. bore size, [ill
pressure, and electrode material and are
listed under {Tashlamp specifications in
EG&G data sheets. |
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Series Trigger

In the series technique, the irigger voli-
age is applied directly to one of the
flashlamp electrodes from the secondary
of a transformer which is placed in
series with the Qashlamp. Again. the
purpose is to create a small are streamer
between the electrodes. Although it is
not required. the lrigger wire, used for
external triggering, may be left wrapped
around the lamp and grounded. This
facilitates triggering by lowering the
voltage requirement. The series trigger
transformer is larger and heavier than
the parallel transformer since the sec-

ondary musl carry the full flashlamp
current. Also. the secondary adds
impedance 1o the civeuit, and this must
be considered in the cireuil design. In
fact, by choosing a trigger lransformer
having the proper value of saturated
inductance, no other choke should bhe
necessary to achieve eritical damping.
The trigger pulse duration for a series
trigger is 150 nanoseconds per inch of
are length, and the required voliages are
listed under flashlamp specifications in
EG&G data sheets. |
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Efficiency

The maximum efficiency for a xenon
flashlamp is about 60%; i.e.. 60% of the
input eleclrical energy can be converted
to optical energy in the 200-1100 nm
region. Actual efficiency for a particular
flashlamp depends on several factors,
ineluding fill gas, fill pressure, current
density, and circuil design. Generally,
as the current density is increased. the
overall efficiency increases as shown

in Figure 10, although there are limils
on maximum peak current. Also, as
Figure 13 shows, efficiency increases as
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fill pressure increases until a saturation
point is reached. The saturation point is
approximately 650 torr for xenon and
1100 torr for krypton.

Photomelric efficiency is much
higher for xenon than krypton, since
more of the output from xenon is in the
visible region. The maximum photo-
melrie efficiency {or xenon is about
40 lumens per watt. |
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Capacitor Selection

The overall efficiency of the circuil is
determined to a great extenl by the
quality of the capacitor. If the ratio of
eircuil impedance to arc impedance is
large, a high percentage for the stored
energy can be wasled in heating up the
capacitor itself. Most manufacturers
publish a dissipation factor for their
capacitors, which is used to determine
the equivalent series vesistance (ESR).
ESR combines all losses, both series
and parallel, in a capacitor at a given
frequency so thal the equivalent circuil
is reduced to a simple R-C series con-
nection.

ESR=DFx X,

where:

DF = Dissipation Factor

X = 1 _ capacilive reaclance
¢ 2riC
{ = —tL' = equivalent frequency
i
;5 = current pulse width

C

1]

apacilance

Average Power and Cooling

Average power refers to the electrical

input power to the lamp and is caleu-

lated as:

Pye=ExI

where:

E = 1/2 CV2 = input energy in joules

f = flash repetition rates in pulses
per second (pps)

All linear flashlamps have average

Other imporlani parameters which

musl be considered when selecting a
capacitor inelude:

vollage raling
we capacilance rating

life rating

duty evcle

storage densily

A number of capacitor technolo-

gies are available, including electrolyi-
ic, oil filled paper, and polypropylene
film. The chotice usually depends on a
trade ofl between price and perfor-
manee. The electrolytics are capable of
storing the most energy per pound; how-
ever, they also exhibit exceedingly high
ESR values, and are recommended only
for applications where size and weighi
ave the most important factors. The oil-
filled paper types represent the best
price/performance ratio and are a good
choice for many applications. |

power limilations based on the types of
glass-to-metal seal used and the method
of cooling. The ratings in Table 1 are in
terms of the maximum loading of the
inside wall area belween the elecirodes,
given in walls/emz. Wall area of the
flashlamp is 7 LD where:

L = Are Length in cm

D = Bore size in em

Maximum Wall Loading
{watts/am2)

4
30
300
15
30
200

For example, a 5-mm hore size
graded seal flashlamp with a 3-inch are
length has an inside wall area of 12 em?.
Therefore, it could safely operate up to

180 watts for convection cooling, 360
watls for forced air, and 2400 watts for
water cooling. Thus, the 4-mm, 3-inch
flashlamp vsed as an example previous-




Appendix A

Starting with the Gonez relationship

V o= 2K 1il'2
the differential equation for the single mesh flashlamp circuit of Figure 6 1s:
(Al ] t

il sz Al =y
Ly K il 44 "=V,
)

where the sign of K, is chosen to be the same as the sign of current, i. The
symbols are:

C = capacitance {farads)
I. = inductance (henries)
i = current (amperes)

t = ume (seconds)

It should be noted that only losses in the flashlamp are considered. The
driving circuil is assumed lossless.

With the following substitutions and normalizalions, one can rewrite
Equation (A-1).

I .. e
Z.="N\¢ = driving circuit impedance (ohms)
. \Y% . .
i = -2, wherelis normalized current

A
T = VLC = circuil time constant (seconds)

I .
T = — = normalized lime
T

a K‘)

i \}V‘, Za

Equation (A-1) becomes
(A-2) o

ﬂmllﬂfl+f ldr' =1

dr

0

Note that Fquation (A-2) velating the development of normalized current
with respect to normalized time has only one parameler, a.. Thus the solutions
of Equation (A-2) can be presented compactly as in Figure 6a. Wide combina-
tions of actual situations are represented.

The energy stored in the capacitor is:

1 s
E,.= 35 CV2
The relation can be rewritien as

v, = V2E/C

Substituting V, into the expression for %, one obtains:

173
C _ 2 E‘, [ "'Tl

= "




From the driving cireuit time constant, one oblains
L. = T¥C.

Normalized power, Py, can be defined:

- 2] BT
Py= P —apppe
V2l 7
where
P = power Vi= K" 32
V= voltage across the flashlamp.

Normalized energy. Ex. dissipated in the lamp:

3 T
Ey = ﬁdi=2a£LHWdT

JII

l\JI

Ey is the fraction of the initial energy stored in the capacitor dissipated by the
tamp up to time, 7.

Since the unit of pormalized time is the driving cireuit lime constant

T:M

one can relate the current pulse widih at one-third peak cwrent, tye Lo the time

constant at various values of o by examining figure 6a, which is a plot of the

solutions of Equation (A-2). One can see that:
hr= 25Tlra = 0.6and 0.8

L= 27Tlra = 1.2
lu'-% = 3.2 r]1 r()l' o = ].()
Hence our approximation of
7=l

3

In the same way one can use Figure 6a to estimale peak current. For
example, we have at a = 0.8, peak current equals 5 Yo Ina practical case this
will overeslimate peak current by as much as 10 percent due to other sources of
impedance not considered here,




Design Considerations for
Triggering of
Flashlamps

Introduction

Xenon flashlamps (bulbs or tubes) are devices
that emit large amounts of spectral energy in short
duration pulses. Power supply energy accumulates
in a storage capacitor. When this energy is released
and dissipated it forms a highly excited xenon plas-
ma within the flashlamp. The energy released cov-
ers a wide spectral range from ultraviolet (UV) to
infrared (IR), closely resembling sunlight.

This intense pulse of radiant energy is used in
many applications including applications which;
stop motion, pump lasers, provide a stable spectral
source for absorption or fluorescence measure-
ments, cure polymers with UV, strip paint, or sim-
ply provide a visible beacon.

Theory of Operation

The charged energy-storage-capacitor is nor-
mally connected across the two main electrodes
(commonly called “ANODE” and “CATHODE"”)
of the flashlamp. The voltage to which this ca-
pacitor is charged is usually lower than that which
would cause the xenon to ionize. The process
which effects the initial ionization is known as
“TRIGGERING”.

Triggering creates a voltage gradient (Volts/
Inch) in the gas of sufficient magnitude to cause
ionization.

Figure 1 shows typical flashlamp triggering
characteristics. It should be noted that the curves
are somewhat dependent on the triggering method




and other factors external to the flashlamp itself. For
instance, the arrows on the curve limiting the “reli-
able flash” area indicate how the curve typically mi-
grates back and forth over the life of the flashlamp.

Figure 1. Typical Flashlamp Triggering Conditions
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Most triggering schemes use a trigger transformer
to produce high voltage pulses of short duration.
Several different circuits have been developed which
introduce this voltage to achieve ionization, Once
this has occurred as evidenced by a thin streamer be-
tween the main electrodes, a conductive path ex-
ists through which the energy-storage-capacitor can
discharge. As the level of ionization increases, the
streamer increases in cross section and produces an
intense flash.

Methods of Triggering
Most of the triggering schemes can be grouped
into three categories;

1. External
2. Series Injection
3. Pseudo-Series Injection

"Two other commonly used circuits which are ini-
tiated using one of the above three triggering meth-
ods are;

4. Simmer Mode

5. Pseudo-Simmer Mode

Another variation on the these circuits which in-
directly uses a trigger transformer is;

6. Overvoltage Triggering

1. External Triggering

External triggering uses a high voltage trigger
pulse to create a thin ionized streamer between
the anode and cathode within the lamp. Ionization
starts when gas adjacent to the tube wall is excited
by the voltage gradient induced by this high voltage
pulse from the trigger transformer. The coupling of
this voltage to the lamp can be accomplished in any
one of several ways. (See Figure 24 - 2E.)

A thin nickel wire can be wrapped around the sur-
face of the glass (or quartz) envelope (tube) as shown
in Figure 2A. The wire must touch the glass over
as much as possible of the length of the envelope for
the most reliable operation, although even a mini-
mum of contact can be satistactory if a higher peak
trigger voltage is applied. The trigger transformer
high voltage output (secondary winding) is connected
to one end of this wire.

Figure 2A. External Triggering Methods
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The trigger voltage required to reliably trigger a
particular flashlamp depends on the arc length, bore
diameter, fill pressure, and electrode material, and
is normally given in the flashlamp Characteristic
Data. (See EG&'G Flashlamp Data Sheets)

Other factors such as ambient radiant energy and
aging characteristics of the Jamp also affect trigger-
ing requirements.

The trigger pulse width is important using this
method because a finite amount of time is required
for the ionized streamer to propagate down the bore
of the flashlamp. Triggering has been found to be




most reliable when the pulse width is at least 200
nanoseconds per inch of arc length.

If 2 wrapped trigger wire is for some reason in-
convenient, then the trigger pulse may be applied
to a conductive bar (See Figure 2B) or a conductive
reflector or cavity (See Figure 2C). In these cases
the conductive component should be as close to the
lamp as possible and no more than 1/4” away, and
a somewhat higher trigger voltage should be em-
ployed.

Figure 2B thru 2E. External Triggering Methods
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Since the trigger transformer has to supply a high
voltage pulse but very little current (only about 100
to 300 mA), it can be made small and lightweight.
"The turns ratio is usually high to accommodate low-
er voltage components in the primary circuit. The
trigger pulse is produced by discharging a capacitor
into the primary winding of the trigger transformer
using either a mechanical switch or a semiconduc-
tor device such as an SCR or a gas filled switch such
as a triggered spark gap. Care must be taken in the
selection of the switch to ensure that the rate of rise
of current can be accommodated without device fail-
ures. This is especially critical when an SCR is used.
Also, camera shutter switches which are sometimes
used to trigger a flash often have fragile, sensitive
contacts and an intermediary switch is usually re-
quired to prevent the trigger transformer primary
current from causing contact damage.

Generally speaking, the polarities of the anode-
to-cathode voltage should be arranged so that the
voltage stress or gradient (Volts/Inch) is maximized
in the vicinity of the anode (or cathode) of the flash-
lamp. Voltage from the energy-storage-capacitor
should always be arranged so that the anode is more
positive than the cathode. Since any node in the cir-

cuit can be chosen to be grounded, this leads to a va-
riety of possible circuits. Some possibilities can be
eliminated by ensuring that the trigger transformer
secondary winding’s start-to-primary insulation is
not stressed any greater than as specified in the data.
Careful examination of potentials in the circuit will
show the best circuit for the application.

e T
EMI and Noise

Flashlamp triggering using fast rising, high voltage
pulses is an inherently noisy (EMI) procedure, The trig-
ger current, upon jonization of the gas (xenon), contains
discontinuities and irregular pulse-to-pulse anomalies.
The harmonics generated can be measured into the gi-
gahertz region, with various peaks being exaggerated
by wire lengths and ground planes.

Relief can usually be obtained by good shielding, en-
closure design, and ground layout. The noise from the
trigger discharge can also be lessened by including a re-
sistor in series with the high voltage secondary lead (see
Figure 2D). This slows down the discharge of the
parasitic secondary winding capacitance. A 2 Watt car-
bon composition resistor of about 1 to 5 K Ohms is usu-
ally effective. Metal-film resistors with helical paths
usually fail due to delays of voltage wavefronts and sub-
sequent turn-to-turn breakdown at the transformer end

of the resistor and are therefore not recommended.

Safety is another consideration that may lead to
the selection of one circuit over another. For in-
stance, one should consider the consequences of arc-
ing between the high-potential end of the trigger
transformer and the high-potential end of the en-
ergy-storage-capacitor. If this occurred, the capac-
itor would discharge into the winding and perhaps
destroy it. One possible solution would be to include
a capacitor/resistor network in the discharge path
(see Figure 2E) which would pass the trigger pulse
without attenuation but prevent the discharge of the
energy-storage-capacitor into the winding. About
500 picofarads in parallel with 1 megohm would suf-



fice in most cases, the capacitor being a disc-ceramic
type able to withstand the about 6 K Volts.

2. Series Injection Triggering
Series injection triggering passes the discharge
current from the energy-storage-capacitor through
the secondary winding of the trigger transformer.
The secondary winding of the trigger transformer
must therefore be designed to carry the total cur-
rent of the discharge within the ambient tempera-
ture design limits. This type of trigger transformer
is consequently larger, heavier and more expensive
than the external type. There are, however, certain

important advantages.

The inductance of the secondary winding (of the

trigger transformer) is now part of the discharge cir-
cuit and may be utilized to control the energy-stor-
age-capacitor’s current pulse waveshape. Since flash-
lamp life is inversely proportional to peak current,
it is desirable to optimize this inductance for damp-
ing and design a critically damped circuit. This will
produce minimum peak current and prevent cur-
rent reversal which may damage the flashlamp. The
life of the flashlamp is now maximized for the par-
ticular energy required and the power requirement
now dictates the size of the trigger transformer.

]
Skin Effect
A certain amount of energy will be dissipated in
the resistance of the secondary winding which will be
dependent on the arc-resistance of the flashlamp. (A
non-linear fanction) Since current risetimes could be

in the order of microseconds, skin effect should be tak-

en into account.
In the design of some transformers an attempt has
been made to reduce skin effect by winding them with
copper strip or doubled wires. It is difficult to predict
with precision the exact circuit performance since
typically only the DC resistance of the secondary wind-
ings are provided in transformer data. If more data
are required, it becomes necessary to take measure-

ments using the intended circnit configuration.

The trigger transformer peak secondary output

voltage is applied across the anode/cathode of the
flashlamp, and is usually somewhat lower than that
required for external triggering. Also, the anode to
cathode starting voltage is usually much lower.
Triggering will be enhanced by any ground planes
brought into close proximity of the flashlamp en-
velope. If desired, a trigger wire (as used with ex-
ternal triggering) may be wrapped around the en-
velope and brought to ground. A sharp grounded
point close to the triggered electrode also enhances
triggering by increasing the electric field gradient
in thatarea.

Figure 3. Typical Idealized Arc
Commutation Characteristics
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Previously, the inductance of the secondary wind-
ing was mentioned as being useful in shaping the
discharge current pulse. The inductance referred to
is the “satorated inductance” (Lsat) as given in the
transformer data tables. Series ignition trigger trans-
formers are usually wound on magnetic cores, ei-
ther ferrite or silicon steel. This is necessary in or-
der to keep the primary conditions within reason-
able limits. The presence of this core may cause

problems when considering the rate of change of
current(di/dr) in the secondary winding of the trig-
ger transformer. (See Fignre 3) The problem is that
when unsaturated, this core may inhibit the discharge
pulse current rise so much that the lamp won’t flash.



Figure 3 illustrates the current/time commuta-
tion characteristics of flashlamps. The low excita-
tion inductance of the secondary winding will be
considerably greater (say - 50 times more) than
the inductance after the core has saturated and the
volt-second product of the core must be taken into
account. The commutation characteristics of a par-
ticular flashlamp, the series injection trigger trans-
former, and the energy discharge circuit constants
may combine to produce a condition where the trig-
ger ionization streamer is quite evident but no en-
ergy discharge occurs. Since the interdependence
of all of these parameters (some of which are un-
known) determine the triggerability, it is usually nec-

essary to conduct experiments to ensure reliable op-
eration.

As with external triggering, safety is enhanced us-
ing circuit configuratons where one end of the trig-
ger transformer secondary is at ground potential.
Figure 4 shows the four possible circuit configu-
rations for series injection triggering. Note that the
dots adjacent to the trigger transformer indicate the
starts of windings. The dot may also indicate the fin-
ish of windings should some specific reason exist
such as restraints due to insulation. The arrows in-
dicate current flow from positive to negative volt-
age (i.e. conventional current flow). The arrow at
the primary indicates current flow due to the pri-

Figure 4. Series Injection Triggering
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mary trigger discharge and the arrow at the sec-
ondary indicates the current flow due to the main
discharge. Note that in all of the circuits shown, both
arrows point opposite with respect to the polarity
dot on the primary to the secondary indicating the
remanence after a flash is in the opposite quadrant
of the core B-H curve to that in which core satura-
tion occurred. This suggests that, if wiggering starts
when on the first pulse zero remanence exist in the
core, the second and subsequent trigger pulses will
be higher due to the greater total change in flux.
This should be taken into account when consider-
ing triggering reliability margins.

Furthermore, there are other possible circuit con-
figurations where both arrows may point in the same
direction with respect to the polarity dots. In these
cases the opposite is true and the pulses after the first
pulse will be lower in peak amplitude.

3. Pseudo Series Injection Triggering
Pseudo series injection triggering retains some
of the advantages of series injection triggering with-
out some of the penalties, especially those of size,
weight, and cost. Figure § shows four versions of
this circuit in various possible configurations of po-
larities and grounded nodes. The trigger voltage is

Figure 5. Pseudo-Series Injection Triggering
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applied to the flashlamp in the same manner as with
series injection, however in this case the main en-
ergy discharge does not flow through the trigger
transformer secondary winding. Instead, a path is
provided through D1.

D1 is constructed of several diode junctions in se-
ries and is chosen to be able to carry the main dis-
charge current. It could therefore be a substantial
diode string depending on the current requirement.
The trigger voltage is applied to this diode assem-
bly in it’s reverse direction, so that the peak volt-
age applied across the flashlamp is limited by the re-
verse breakdown voltage of the diode string.
Individual diodes with nominal reverse break-
down of 1000 volts are normally used. This means
that the basic silicon material is of high resistivity
(100 ohm/cm or higher). Significant loss of discharge
energy can therefore be expected. Careful choice of
junction profile limits this loss.

Diode assemblies are available from EG&G with
these characteristics and reverse breakdown of 10
Kv minimum. The resistor R1 shown in the schemat-
ics (Figure 5) is useful in the reduction of EMI
and is about 5 K ohm, 2 Watt, Carbon composition.
The capacitor is included for safety reasons as in oth-
er triggering schemes. Judicious placement of
grounded features close to the lamp envelope, es-
pecially near the triggered end of the flashlamp, will
enhance voltage field gradients and produce more
reliable triggering.

Figure 6. Simmer Mode Circuit
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4. Simmer Mode

The simmer mode technique requires that the
tlashlamp be triggered only once in a sequence of
flashes. A separate power supply with a specially de-
signed load characteristic is used to force the cur-
rent to continue flowing in the lamp in a low but sta-
ble state of ionization. (See Figure 6)

Depending on the flashlamp type, typical simmer
current may be from 100 milliamps up to several am-
peres. The voltage across the lamp will be 100 to 150
volts. (See Figure 7) The main discharge energy,

Figure 7. Simmer Power Supply Operation

1\

Operating point
/ ------- between flashes
/

VOLTAGE

(Partially ionized)

CURRENT 1

obtained from a capacitor charged by a separate pow-
er supply, may now be switched into the lamp. A
semiconductor switch, such as an SCR (shown) or a
gas or vacuum gap may also be used. The gas in
the lamp will become more highly ionized, produc-
ing a flash as the energy is dissipated. The gas will
then be forced to return to the simmer state.Care
must be taken in circuit design and layout, that tran-
sients due to parasitic elements do not cause deion-
ization to occur, or that semiconductors or insula-
tion do not become over stressed.

5. Pseudo Simmer Mode

Pseudo simmer mode is a variation on the sim-
mer mode circuit which combines the simmer pow-



er supply with the capacitor charging supply. (See Figure 9. Overvoltage Trigger
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Figure 8) Operating conditions are limited by lamp R
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6. Overvoltage Triggering

Overvoltage triggering is a method of flashing a
flashlamp without using a trigger transformer and
is mentioned here only for completeness. (See
Figure 9) The energy-storage-capacitor is charged
to a voltage which exceeds the self-breakdown volt-
age of the flashlamp. (Typically 10 to 20 Kv) The
energy is switched into the flashlamp using a high-
voltage/high-current switch. This is typically a trig-
gered spark gap or thyratron. When the switch is
activated the flashlamp gas breaks down and a
flash is produced.



RUGGED SOLDER SEAL LAMPS POR CONVECTION, FORCED AIR AND LIQUID COOLED APPLICATIONS

FLASHLAMP BORE
TYPE SIZE
{mm)
FXC-1312-2 4
CRXCA3123 4
FXC-1312-4 4
PXCA3133 5
FXC-1313-4 5
UEXCA13136 5
FXC-1314-3 6
XC-13144 6
FXC-1314-6
FXC-1315-3 7
IXC-1315-6 7
FXC-1315-8 7
FXC-13164 8 .
FXC-1316-6 8
BXC-1316:8 8
FXC-1317-6 10
FXC-1317-8 w0
FXC-1317-10 10
Notes:

ARC

LENGTH

(A)

(in/imm)

251

. -'~m.3/75

4102

- 3176

4/102

R )

3776

A

6/152

3776
6/152
81203

4102
6/152

8203

6/152

87203

107254

QUARTZ
LENGTH
B)

(in/mm)

3.06/77.7
4.06/103.1
5.06/128.5

4.06/103.1
5.06/128.5

7.06/179.3

4.06/103.1

5061285

7.06/179.3

4.06/103.1
7.06/179.3

'9.06/230.1

5.06/1285
7.061179.3
9.06/230.1

7.06/179.3
9.06/230.1
11.06/280.9

OVERALL
LENGTH
©€)
{in/mm)
4.56/115.8
5.56/141.2
6.56/166.6

5.56/141.2
6.56/166.6
8.56/217.4

5.56/141.2
6.56/166.6
B.56/217.4

5.56/141.2
8.56/217.4
10.56/268.2

6.56/166.6
8.56/217.4
10.56/268.2

8.56/217.4
10.56/268.2
12.56/319.0

1) Minimum flashing voltage data predicated on an unicaded trigger pulse as specified.

2) Based on minimum coolant flow of 4GPM, with reservoir temperature controlled to 80°C.

ENDCAP

DIA.
]
{in/mm)
0.282/7
0.282/7
0.282/7

0.320/8
0.320/8

 0.320

035419
03540

0.354/9

0.384/10
0.394/10
0.394/10

0.433/11
0.433/11

04331

0.507/13
0.507/13
0.507M13

ENDCAP
LENGTH

(E)
(in/nun)

0.25/6

- 02506

0.25/6

0.25/6
0.25/6

0256

0.25/6
0.25/6.

0.25/6

0.25/6

- '“G'.-'25/6

0.25/6

0.25/6.
0.25/6

0256

0.25/6
0.25/6
0.25/6

KO
IMPEDANCE
PARAMETER
(OHM-AMP'/)

163

244
325

19.5
26.0
39.0

163
217
325

139
372

163
24.4
325

195
260
325

3) Al lamps listed are filled with xenon to a pressure of 450 Torr. Other fill pressures and gases are available. Consult the factory for assistance.
4) All lamps listed are processed to aperate in either trigger mode and are supplied with a trigger wire.
5} Lamps can be customized to meet your specific mechanical and electrical requirements. Please consult the factory for assistance.




MINIMUM MAXIMUM MINIMUM
FLASHING AVERAGE POWER TRIGGER VOLTAGE
VOLTAGE (WATTS) (kV)

(1) :

(VOLTS) /CONVECTION  FORCED AIR LIQUID¢2) SERIES EXTERNAL
500 25 190 1900 12 15
600 35 280 2800 12 15
700 50 380 3800 12 15
600 45 355 3550 15 20
700 60 480 4800 15 7 _HL20

. 900 95 710 7100 15 20
600 55 425 4250 15 20
700 75 575 5750 15 20
900 110 855 8550 15 20
600 65 »500 » 5000 20 5
800 130 1000 10000 20 25
1100 175 1335 13350 20 25
700 100 765 7650 20 25
”900 ]50 1145 11450 20 25
1100 200 1530 15300 20 30
1100 255 1910 19100 25 30
1300 400 3000 30000 25 30
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VSTO
680
1020

595
1195
1580
910
1820
1700

2275
2845

1365

@1=100mSEC

720
1080
1440

1350
1800
2700

_TGZO
2160
3240

1890
3780 -
5040

2880
4320
5760

5400
7200
3000



