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Excelitas -
High Performance Flashlamps

Fundamentals

Electronic flashtubes are gas discharge devices for pulse opera-
tion. Xenon is used as a fill gas for most applications. For laser
excitation Krypton is also used.

Modes of Operation

o Single flash: Random request for single flashes. In com-
parison to the flash duration (normally between 10 ps and
10ms), the off times are very long, typically a few seconds.

e Stroboscopic and beacon operation: The discharges are pro-
duced periodically and often over a longer period of time.
Typical stroboscopic frequencies are between 1 Hz and sev-

eral kHz. Higher frequencies require special flashtubes and
circuits.

e Continuous wave discharge: Electronic flashtubes are
unsuited for this mode of operation.
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Configuration

All flashtubes consist of a tube made of quartz
glass with sealed-in electrodes (anode / cath-
ode) at each end. The cathode contains emitter
substances to reduce the electron work func-
tion. When connecting flashtubes, polarity must
be observed.

Non-polarized tubes with two cathodes are also
available. Many flashtubes are equipped with

a capacitive trigger electrode - for example, a
wire wrapped around the tube, a silver stripe or
a transparent conductive coating on the outside
of the glass.

Leads on electrodes can be supplied with solid
or flexible lead wires, according to Excelitas
standards or customer specifications. Lamps
can also be supplied with sockets, end caps and
protective covers.

Flashtubes are light sources with high power
density. Therefore, they are only made of high
temperature resistive materials.

Discharge Tube Characteristics

Apart from the glass material and electrodes,
flashtubes feature three key characteristics:

1.The arc length (e)

2. The inner tube diameter (r)
3.The Xenon (or Krypton) fill pressure (p)
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Schematic drawing of a flash tube

By determining e, r, and p, all conditions and re-
quirements such as flash energy, expected life,
trigger quality, size, optical projection and spec-
tral distribution of the light must be fulfilled.

Tubes characterized by low e/r ratios (typically
e/r < 5) are called electrode stabilized and
used for short pulses and high luminance. The
plasma is mainly guided by the anode and the
cathode tips - not touching the glass.

For tubes characterized by higher e/r ratios,
two typical flash discharges have to be distin-
guished:

e The plasma fills the cross section of the
tube completely, limiting the peak cur-
rent. The discharge is referred to as "wall
stabilized." Most flashtubes are designed
for
5 < e/r < 20, as this range obtains the
best light efficiency.

o Typically, for stroboscopic applications the
plasma does not fill the tube cross-section
completely, but is guided along the glass
envelope. The flash capacitor or an elec-
tronic circuit limits the peak current.

The luminous efficiency rises with an increase
in Xenon fill pressure, whereas the ability to
trigger the lamp decreases inversely.

Discharge Sequence

Flashtubes are connected with two different
electronic circuits:

1. The trigger circuit: operates in the trigger
phase.

2. The main discharge circuit: operates in
the main discharge phase.
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The impedance characteristic of the flash discharge

The impedance characteristic - anode voltage
(V) versus discharge current (i) - features the
same form for all flash discharges. Its slope rep-
resents the characteristic of the discharge.

First, the trigger voltage V, (typically 2 to

20 kV) causes an ionization in the tube. This
requires energy (typically 1 to 100 mJ) and time
(typical trigger delay is 1 to 10 ps).

The main discharge can be subdivided into the
current rise and the current decay. During the
decay phase, under normal conditions, most of
the light output is generated. The following in-
ternal impedance of the tube R; can be defined
as:

Rj=Vs/imax
(typical 0.1 to 5 Ohms)

Finally, the discharge extinguishes at a residual
voltage of VR (typically 10 to 100 V).
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Main Discharge Circuits

Free capacitor discharge

The energy E [J] stored in the flash capacitor Cg
[F] at an operating voltage V¢ [V] is defined as:

flash energy E = V2 Cg V¢?

4+
Vo

p— g Ri

i A

] Imax

Yy

T

Free Capacitor Discharge

A low percentage of residual energy in Cp is
neglected when the discharge extinguishes

After the peak current i, has been reached,
an almost exponential discharge of Cp takes
place, since the internal resistance R; of the
tube remains constant. The time constant

T = R; Cg is a measure for the flash duration
(~ 1/3 value).

In stroboscopic applications, the tube’s medium
power load P [W] results from the energy E [J]
of the individual pulse and the repetition rate f
[Hz] P=E*f

Discharge control by semiconductor

An IGBT offers high peak current and high
frequency switching with very low loss and a
simple driving circuit. This concept is ideal for
discharge control of flashtubes. The IGBT can
also operate the lamp's trigger circuit. All pulse
patterns, preflashes and any manipulations of
the mainflash are possible.

www.excelitas.com

Vo| TCe
_1
trigger circuit
iA 99
t
IGBT Charge Control

Simmer operation

The constant current source (S) maintains a
simmer current in the lamp. When the semi-
conductor (T) is operated, any pulse discharge
pattern can be superimposed to the simmer
current without an additional high voltage
trigger impulse. The simmer current should be
rather small, but must be adapted to the lamp's
requirements.
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Simmer Operation

Trigger Circuits

The flashtube discharge is initiated by means of
a high voltage pulse V, (trigger voltage) which
must be higher than the static breakdown
voltage of the tube. Typical V, values range be-
tween 2 kV and 20 kV. The difference between
V; and V(g must be sufficient to avoid spontane-
ous triggering.

V; is generated by a pulse transformer (trigger
coil). Typical transformation ratios are 1:20 to
1:100. A semiconductor or mechanical switch
discharges a trigger capacitor C, via the pri-
mary side of the trigger coil. On the secondary
side a damped high voltage oscillation is pro-
duced. The oscillation frequency, amplitude and
damping depend strongly on the trigger coil
and the external circuitry

1. Capacitive external triggering

This is the simplest form of triggering. The
trigger electrode of the tube is insulated from
anode to cathode and extends over the entire
arc length.
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Capacitive external triggering



Since the capacity of the trigger electrode is in
the range of some pF against the cathode and
anode, the secondary side of the trigger coil
can be highly resistive, resulting in a compact
construction of the coil.

The polarity of the first half wave of the high
voltage trigger oscillation can influence the
ability to trigger.

Advantages of external capacitive triggering
are:

e Low primary and secondary currents
* Small size, low cost components

One disadvantage of the external triggering is
the production of electromagnetic interference,
especially in the case of long wires within the
trigger circuit.

2. Direct series triggering

The secondary winding of the trigger coil is
either on the anode or cathode side, in series
with the lamp, and conducts the entire dis-
charge current.
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Direct series triggering

There is no need of an isolated trigger electrode
extending over the arc length. In special cases,
an optional trigger electrode can be connected
with the anode or cathode.

In comparison to the capacitive external trig-
gering, the advantage of direct series triggering
is shorter trigger delays and lower emission

of electromagnetic interferences. Some dis-
advantages of direct series triggering include
the larger size and higher cost of components.
Excelitas trigger transformers for external and
series triggering are included in this application
note.

3. Trigger with doubling of anode
voltage

This circuit considerably improves the triggering
ability of flashtubes with high gas fill pressure.
When firing the thyristor T, the discharge of C;
produces the usual high voltage trigger oscil-
lation in the secondary trigger coil. Simultane-
ously, Gip,y, is discharged, bringing down the
cathode potential of the flashtube to -V for a
few microseconds. Ideally, this doubles the
effective anode voltage for triggering.
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Trigger with doubling of anode voltage

4. Booster circuit

The booster is an auxiliary anode voltage Vy >
V(o which is applied to a capacitor Cj << Cg
and is blocked against Vy by a diode D. The ef-
fective anode voltage for triggering is V. This
circuit is ideal in cases of high variations in the
operating anode voltage or when the fill pres-
sure is high.
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Capacitive triggering with additional booster
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Generation of Light by Xenon
Discharge

Within the group of discharge lamps, flashtubes
fall into the category of high-pressure arc
lamps. Xenon fill pressures of 50 to 3000 Torr
and current densities between 100 and 10000
Alcm? provide all the characteristics of an

arc discharge:

e Plasma temperatures between 7000 to
10000 K.

e A continuum radiation, very similar to
sunlight.

¢ Among the noble gases Xenon has the
highest photometric radiation efficiency —
approximately 40 Im/W.

e Xenon flashtubes have the highest lu-
minance of all light sources, apart from
lasers.

In flashtubes, the Xenon spectrum consists of a
continuum - the distribution to the radiation of
a black body and a characteristic line spectrum
- that mainly contributes to the infrared region
between 880 to 1000 nm.

The density of the discharge current specifically
influences the relation between lines and con-
tinuum. By determining this current density,
the portions of UV and IR radiation added to
the visible light can be selected. It is not pos-
sible to emit "colored light" only. This applies
for other inert gases as well.

Current densities in the range of several hun-

dred A/cm? can only be achieved in tubes with
high internal impedance. In this case, the por-
tion of IR radiation is strongly predominant.
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Spectrum of a high impedance flashtube

Current densities of 1000-3000 A/cm?, used in
most studio, beacon and stroboscopic flash-
tubes, feature IR as well as a strong continuum.
UV radiation can also be considerable.
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Spectrum of a studio flashtube

Current densities between 4000-10000 A/cm?
feature minimal IR lines. The continuum is now
very similar to sunlight (7000 K). These tubes
provide the highest visual radiation efficiency
(up to 40 Im/W), particularly in photo flash-
tubes.
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Typical spectrum of a photo flashtube

The large portion of UV and blue in the spec-
trum of these tubes can interfere with pho-
tographic applications, but can be corrected
through filtering.
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Spectrum of a short arc flashtube

Short arc lamps with very hot as well as very
cold plasma zones due to the missing wall
stabilization can have IR lines, UV lines and a
distinctive continuum.



Quartz glasses

Quartz glass gains its unique resistance to
arc and thermal shock from the high bonding
energy of pure SiOz and the negligible small
expansion of 4 x 107/K. Quartz glass usually
requires manual processing.

Quartz glass Q1:
e UV transparent.

Quartz glass Q2:
* Reduced generation of ozone

Quartz glass Q3:
¢ No generation of ozone

Quartz glass Q1, Q2 and Q3 differs mainly in
their UV transparency.

Synthetic quartz glass is available on request.

Quartz glass gains its unique resistance to
arc and thermal shock from the high bonding
energy of pure SiOz and the negligible small
expansion of 4 x 107/K. Quartz glass usually
requires manual processing.

Quartz glass Q1:
e UV transparent.

Quartz glass Q2:
* Reduced generation of ozone

Quartz glass Q3:
¢ No generation of ozone

Quartz glass Q1, Q2 and Q3 differs mainly in
their UV transparency.

Synthetic quartz glass is available on request.
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Life expectancy

Flashtubes age in terms of light output reduc-
tion and decreased ability to trigger the lamp.
Statements on the life of a specific flashtube
require exact knowledge of the following oper-
ating conditions:

e Flash energy
¢ Anode voltage
o Flash frequency

e Flash capacitor and its effective series
resistance

e Resistors and inductances in the dis-
charge circuit

o Reflector
e Cooling conditions
e Criteria defining the end of life

All details of the life expectancy mentioned
refer to nominal operating conditions that are
described in the individual specifications.

Further details, as well as tolerances of the
mechanical dimensions, are provided in our
data sheets, available on request.
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About Excelitas Technologies

Excelitas Technologies Corp. is a photonics technology leader
focused on delivering innovative, high-performance, market-
driven solutions to meet the lighting, optronics, detection
and optical technology needs of our OEM customers. Serving
a vast array of applications across biomedical, scientific,
safety, security, consumer products, semiconductor, industrial
manufacturing, defense and aerospace sectors, Excelitas
stands committed to enabling our customers’ success in

their end-markets. Our photonics team consists of 7,000
professionals working across North America, Europe and Asia,
to serve customers worldwide. Connect with Excelitas on
Facebook, LinkedIn and Twitter.

Excelitas Flashlamps

Excelitas Xenon or Krypton Flashlamps produce microsecond
to millisecond duration pulses of broadband light with high
radiant intensities and repetition rates.

Our robust quartz envelope materials are recommended for
high-power and UV applications.

Excelitas offers an extensive assortment of lamp shapes for a
range of applications and integrations. Comprehensive plug-in
custom solutions... lamps, sockets and integrated trigger
coils... are also available upon request. Exceptional stability and
life characteristics make our flashlamps series the ideal source
of pulsed or continuous light for your application.
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