A Tranmstorlzea Power Supply for an

Ultra-violet Discharge Lamp

By J. Watson*, Ph.D., AMLEE.

A power supply is described which
emits a continuous spectrum from

will operate a Flood-Hilger deuterium discharge lamp, which
the visible to below 2 000A. The lamp filament is energized for

90sec and after the first 60sec, a 300V striking pulse is applied. The arc is then stabilized at a pre-
determined current in the range 0-35 to 0-55A, the load stability being better than 18 000:1. Semi-
conductor devices are used throughout.

{Voir page 762 pour le résumé en frangals: Zusammenfassung in deutscher Sprache auf Seite 769)

MANUAL and automatic spectrophotometers designed
to operate in the ultra-violet region have become
common in analytical laboratories and in industry!, and
it is normal practice to use an electrical discharge in
hydrogen—or, more recently, deuterium—to provide a
continuous ultra-violet source spectrum. Such discharge
lamps work at quite high voltages which are subject to
very wide variations from unit to unit. ‘This article

Fig. 1. Basie current

“stabllizer

describes a fully transistorized power supply designed to
operate the Flood-Hilger deuterium discharge lamp—a
source which will provide a continuous spectrum rangirig
from the visible down to wavelengths below 2000A.

The Flood-Hilger lamp has the following striking
sequence and operating characteristics:

(1) Filament ‘on ' for 90sec at 4V 8A rm.s.

(2) Striking pulse of not less than 300V to be applied
60sec after filament is switched on.

(3} Arc current to be stabilized within the range 0-35
to 0-55A d.c. The drop across the lamp lies between
40 and 90V.

The basic stabilizing loop will be seen from Fig. 1 to
be entirely conventional. However, only with the recent
introduction of high-voltage transistors at reasonable
prices has it become possible to use this type of circuit
without including a thermionic valve as the series element.

If a Zener diode is to be used as a reference element,
it is convenient to choose, where possible, a 56V unit
so that the temperature coefficient is minimal. This is
possible in the present case by making the value of
Rs = 100} so that the voltage drop across it will not
exceed 5-5V. This implies that Rs must be capable of
dissipating at least 3W continuously without a significant
change in resistance. A contact-cooled, metal cased SW

* University of Wales, Swansea.

NOVEMBER 1966

711

unit is excellent for the purpose, for it is of small size
and can be screwed to the chassis for cooling purposes.

To determine the mipnimum supply voltage required,
maximal voltage drops around the load circuit may be
summed :

Feotmim) = Veznmn) + Viiman + Vasiman
=354+ 90+ 55
=99V

Here, 3-5V has been assumed to be the minimum per-
tnissible value of Vem.

In a real circuit, the change in Vec due to mains varia-
tions is usually taken as + 10, —15 per cent, which means
that, neglecting transformer regulation, the nominal value
of Voo will be:

Veo = —~—99—-—' = 1165V
(1 — (15/100)) .
and Vecimast = 116:5 (1 + (10/100)) = 128V.

It is now possible to determine the maximum value
of Vce with which VT must cope:

Vemimen = Veoctman — Vitmm — Vasmin
=128 — 40 — 3-5
=845V
VT, must also dissipate a maximum power of:
Pdlal(max) =825 % 0-55 ~ 45W

These factors lead to a choice between several tran-
sistors, and taking cost into account, the optimal unit
at the time of writing is the Silicon Transistor Corp.
2N3234 which has the following characteristics :

Veex = 160V ; Py = 60W hye = 18 to 40

Note that in the event of a short-circuit fault develop-
ing in the load, this transistor would not be immediately
damaged by the application of almost the whole of Voo,
but would survive until thermally destroyed by the resul-
tant maximum dissipation of 66W, which is the power
corresponding to the (-55A current level.

The pnp half of the stabilizing pair, VT must also
cope with almost the whole of Vco, and must be capable
of dissipating a power given by:

Pasimaxy = VoEsmar) - foztmax)
= (825 — Vom) . (0-55/18)
= 81-5 X (403 == 2:5W

A unit fulfilling these requirements is the Motorola
2N3635, which has the following characteristics :

Veed = 140V M Pior = 5W (With heat sink) , hFE(mln} = 80

The comparator/amplifier is a dual npn transistor, a
choice which minimizes the number of resistors by virtue
of accepting the base current of VT as its collector current;
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and which makes for excellent stability. The device in
question will have a maximum lc in its left half of:

102(mu)

Iostaytmar) = p—
E2(min

0-55
18 x 80

By reason of its low cost and high Verx (60V), the
Fairchild 2C425 is eminently suitable here. However, since
the base of ¥T: can approach 128V, a series Zener diode,
MRZ,, must be included in the collector lead as shown.

The worst case situation is where VTua approaches
cut-off, and little voltage is dropped in Ry, when, if Voras
is not to exceed 60V :

= (-38mA

Vzstmim = Vooiman — Verms
= 128 — 60
= 68V

A suitable Zener diode is consequently the IN1792,
which has a nominal Zener voltage of 75 + 10 per cent;
that is, Fzaimm) = 68V and Visimen = B2V,

If a ‘maximum’® IN1792 is fitted, then the lowest
possible value for Vers: is:

Voraa) min = Vootmin — Vasmen — Vre — Vame
=99 —-82~—~5—-1
=11V

The circuit of Fig. 2 shows how this basic current
stabilizing loop has been incorporated into the complete
system. Here, the reference Zener diode, MRZ, bas itself
been current stabilized by the regulator MRZ; and the
resistor R.. The actual load current is adjusted by RV,
the lower limit being determined by Rs. -

The remainder of the circuit accomplishes the striking
sequence as follows:

At switch-on, the discharge lamp heater is fed from
the filament transformer T via the normally-closed con-
tacts S and 6 of relay A. This transformer also supplies
the heater of the 90sec thermal delay relay B, which upon
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operation, energizes relay A4, which is then held on by
its own contacts 11 and 9.

However, the lamp is scheduled to strike 30sec prior
to the operation of the relays, and this operation is
initiated by the firing of the Shockley diode Dy The capa-
citor Cp is charged via Ry from the nominal 116V line.
It will be noticed that this charging current is derived
from the lower end of the relay A coil, which, after relay
operation, reverts to Zero potential so that Cy does not
continue to charge.

The time-constant Ru.Cn is so arranged that at
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¢ = 60sec, the firing voltage of Dy is reached. It is con-
venient to choose a Shockley diode whose firing voltage
is on the more linear part of the charging exponential (as
shown in Fig. 3), for this ensures accurate timing.,

The thyristor Th is in turn fired by the discharge of
C, into its gate via Dy. This applies a 300V pulse to the
lamp, which strikes and so completes the main stabilizing
loop. The striking voltage is generated by a tripler circuit
of the form shown in Fig. 4. When applied to the main
cireuit, one of the diodes, MRy, becomes one of the main
rectifier diodes, with the result that not only is a com-
ponent saved, but the negative end of the tripler output
is automatically connected to the common line. The
+300V end is now applied to the junction of the thyristor
and the isolating diode MR: via contacts 4 and 1 of relay
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Fig. 5. Clrenit for analysis

It will be noticed that Rr has been included as a return
path for the thyristor firing pulse, which would otherwise
be connected only to the lamp, which is an open circuit
prior to striking. R; must have quite a low value to ensure
reliable striking, which means that it must be uncoupled
from the circuit during normal operation, otherwise it
would affect the stability by shunting the lamp and Rs.

This is accomplished by contacts 8 and 11 of relay A
and is one of the five functions of that relay which,
summarized, are:

(a) Self-latching

(b) De-energization of T (filament switch-off at 90sec)

(c) Removal of Cn charging current

(d) Removal of lamp striking voltage

(¢) Uncoupling of thyristor striking pulse return path.

The priming and striking functions are now completely
isolated from tbe main stabilizing loop and will remain
quiescent until the mains switch is manually switched off,
then on again. This will be so even though the lamp may
become extinguished, or be unplugged.

The analysis of the circuit can be most easily carried
out by inserting the T-parameter equivalent of V7. as
sl.mwn in Fig. 5. Summing voltages round the output loop
gives:
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5V = (31—8ls) Re+8l [Rutratra(l —a)]—Biwra {1—a)
If rq is small and 8ls < 81, this reduces to:

SV =8I[(Rs + R+ ra{l — a)] — miviro

Now:
8 . R
ivt = Bafdls = Lol R -

where Ry (3> Rg) = input resistance of the long-tailed
pair.

Riotas = 0V /8] = Rat+Ritra (1—a)—aif2fs

RS « Fa
Rin

The effective resistance of ¥T is therefore:
Rut = Riots — Rr = Fa (1—ar)—Rs (L —21383 (ra/ Rin))
If @1 — 1, this approximates to:
Rott = Boffsra (Re/Rum) ovnevvvnes (1)
This expression can be solved only if rqa is known,
and neither this mor the equivalent h-parameters appear
in the published data for any of the transistors usable in
the VT, position. Also, Ry is dependent upon the position
of the slider of RV:. If this is at the top of the track:
Ro=Rs+ 2ru+ 2ra+ ro
where r. is the incremental resistance of MRZ,

(This expression, however, is very approximate, for Ri
cannot be considered large in relation to Rs and rz.)

If R is assumed to be about 5k( and ru is estimated
at 10k, then Res is 15k()

R.t is clearly the resistance invoived when both load
and mains stability are being considered, and in fact, these
parameters were measured and over much of the working
range Ro; was found to be of this order.

The mains stability, 8V /8I, was always better than
12000: 1 while the load stability was better than 18 000: 1.
Knowing that Vorwm) was required to range from 35
to 84V, it would be expected that the value of ra would
change significantly, leading to a wide variation in stability.

The temperature performance of the power supply
depends upon the temperature coefficient of MRZ:, and
since this can be a selected unit, the performance can be
made very good. Using an unselected Texas 2056A, the
regulated current was found to have a maximum slope of
only 10A[°C over the range 25° to 50°C ambient

When ¥T, and VT. are types IN3234 and 2N3635
respectively, no high-irequency oscillation is observed
because of their widely differing frequency responses.
However, should alternative devices be used and such
ascillation occurs, a small capacitor connected between
the VT: collector and base will damp it successfully by
reducing the high- frequency loop gain around the VT
and VT, circuit..

The performance of this power supply makes it sujtable
for use in both double and single beam optical instru-
menis, but should an even higher order of stability be
required, the long-tail resistor, Ri, could be taken down
to a negative line. Also, a second differential stage could
be added to supplement the gain of V7.
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