United States Patent (s

Johnson

3,771,007
[45] Nov. 6, 1973

[54] HIGH INTENSITY LAMP APPARATUS AND
METHOD OF OPERATION THEREOF

[75]1 Inventor: Peter D. Johnson, Schenectady, N.Y.

[73] Assignee: General Electric Company, New
York, N.Y.

[22] Filed:  Oct. 15, 1970
[21] Appl. No.: 80,896

[52] US.Cl.......... 313/183, 313/186, 315/266,

v 315/199

(511 It Clocosieeeeee i HO1j 17/20

[58] Field of Search.................... ...315/97, 105, 266,

’ 315/199, DIG. 2, DIG. 5, DIG. 7,313/186, 183

[s6y References Cited

UNITED S'_TATES PATENTS , ‘

3,085,171 - [4/1963 | SmmioleK .......isiocereieorenn. 313/184 X

3,525,864 - 8/1970 - Leach ........... : 313/109 X
3,249,799 - 5/1966 - Powell, Jr. ..... 315/DIG. 2 *

3,160,784 12/1964  Strecker.............cccociveucine 315/97 X

3,325,682 6/1967  EILiOtt, JT. ccoocvstcsiennrionraiiin, 315/97
2,843,805 7/1958  Brodersen........c.coevennininns 315/266
2,802,129 © 8/1957 = Meister et al............ . 3137225 X
2,966,602 - 12/1960 - Waymouth et al. ............ 313/187 X

Primary Examiner—Nathan Kaufman

" Attorney—John F. Ahern, Paul A. Frank, Jerome Squil-

laro, Richard R. Brainard, Frank L. Neuhauser, Oscar
B. Waddell and Joseph B. Forman :

{571 - - ABSTRACT ‘

Describes photochemical and fluorescentlamp appara-
tus including means for providing a far U.V. ionic radi-
ation emitting discharge, the intensity. of which varies
as a superlinear function of discharge current, and
means for exciting the discharge source with a shaped

_current waveform. The use of a shaped current wave-

form permits operation at_higher instantaneous cur-
rents without increasing average cathode or wall load-
ing ‘and results in greatly increased intensity-of lamp
output. ’ ‘

7 Claims, 5 Drawing Figures
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HIGH INTENSITY LAMP APPARATUS AND
METHOD OF OPERATION THEREOF

This invention relates to high intensity operation of
lamps in which the radiant energy output thereof is di-
rectly or indirectly the result of ionic excitation of the
vaporizable ionizable metal present in a lamp envelope
at low pressure by a high current density electric dis-
charge. More particularly, the invention relates to ap-
paratus and methods for the improved operation of
such lamps. ,

This invention is related to the invention set forth in
my co-pending applications, Ser. Nos. 50,105, now
U.S. Pat. No. 3,657,590 issued Apr. 18, 1972, 50,106,
now U.8. Pat. No. 3,679,928, issued July 25, 1972 and
50,203, now U.S. Pat. Mo. 3,657,591, issued Apr. 18,
1972 all of which were filed on June 26, 1970, and to
my currently filed application, Ser. No. 80,901, all of
which are assigned to the assignee of this invention.

In the aforementioned applications, briefly stated, !
have disclosed and claimed electric discharge lamp de-
vices which produce far ultraviolet radiation which is
achieved by utilizing a fused quartz, high density alu-
mina, or sapphire, for example, far U.V. light transmis-
sive discharge envelope containing a pair of suitable
discharge electrodes adapted to carry a relatively high
current density discharge and maintaining within the
discharge envelope a quantity or charge of a vaporiz-
able ionizable metal which may be mercury, cadmium
or zinc together with a suitable noble gas which may be
any one of the gases including helium, argon, neon,
krypton and xenon. The operating parameters of the
far U.V. stimulating discharge are controlled so as to
cause a current density in excess of 1 ampere per
square centimeter and as high as 25 amperes per square
centimeter to be established between the discharge
electrodes. The metal charge is present within the dis-
charge envelope in a quantity sufficient for the genera-
tion, at the operating temperature of the discharge, of
a pressure thereof within the range of 10™% of 1 torr of
vaporized metal. The pressure of the inert gas is main-
tained at a value of approximately 1-20 but preferably
approximately 2-5 torr.

Under these conditions of operation and specifically
of vaporized metallic pressure and discharge current
density, the metallic specie are excited to both atomic
and ionic radiation in the far ultraviolet region of the
electromagnetic spectrum.

In accord with the improvement set forth in my co-
pending concurrently filed application, Ser. No.
80,901, I have discovered that the far ultraviolet excita-
tion produced by the far U.V. discharge means de-
scribed in my previously described co-pending applica-
tions, may be coupled with a suitable far U.V. sensitive
and visible light emitting luminescent phosphor to pro-
duce fluorescent lamps having an intensity which is
greatly improved over the fluorescent lamps of the
prior art due to the sensitivity and efficacy of the far ul-
traviolet radiation as a phosphor exciting means.

Although the invention set forth in the previous and
co-pending applications as described hereinbefore, are
of great utility in increasing and making more effective
the light emitting characteristics of electric discharge
and fluorescent lamps, it is desirable that such lamps be
operated with excitation apparatus and in such a fash-
ion as to derive the maximum amount of light there-
from.
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Accordingly, it is an object of the present invention
to provide electric lamp apparatus having improved op-
erating excitation means.

Still another object of the present invention is to pro-
vide a new and improved method for operating electric
discharge lamps which utilize far ultraviolet radiation
as an excitation for light emitting means. ~

Yet another object of the present invention is to pro-
vide improved means for utilizing the ionic, far ultravi-
olet radiation of electric discharge lamps.

Briefly stated, in accord with one embodiment of the
present invention, I provide electric discharge lamps
utilizing the passage of a high current density electric
discharge through a low pressure of vaporizable ioniz-
able metallic radiating specie operative to provide
strong ionic emission radiation. Means are provided as-
sociated with the discharge electrodes to supply thereto
an exciting current waveform which is shaped to as to
provide a current value sufficient to cause the emission
of far U.V. ionic radiation for a portion of the total ex-
citation time which is 2 maximum of 40 percent thereof
and for providing to the lamp electrodes for the re-
maining portion of the excitation time, a current which
is sufficient only to maintain the vaporized and ionized
state of the radiating specie and insufficient to cause
emission therefrom.

The novel features believed to be characteristic of
the present invention are set forth in the appended
claims. The invention itself, together with further ob-
Jjects and advantages thereof, may best be understood
with reference to the following detailed description
taken in connection with the appended drawing in
which,

FIG. 1 is a schematic vertical cross-sectional view of
a lamp utilized in accord with the present invention,

FIGS. 2 and 3 are representative waveforms of suit-
able shaped current waveforms for utilization in the ex-
citation of lamps in accord with the invention,

FIG. 4 is a schematic diagram of one representative
suitable electronic circuit adapted to provide a shaped
current waveform for excitation of lamps in accord
with the present invention and,

FIG. § is a logarithmic plot of the intensity of lamps
operated in accord with the present invention as com-
pared with the intensity of similar lamps operated in ac-
cord with prior art teachings.

In FIG. 1 of the drawing, a typical lamp constructed
in accord with the present invention is represented gen-
erally at 10. Lamp 10 includes an evacuated hermeti-
cally sealed envelope 11, having a pinch seal 12 at ei-
ther end thereof and accommodating inleads 13 there-
through. Interior of envelope 11, a second inner enve-
lope 14 having an elongated tubular shape is supported
within envelope 11 by a pair of saddle clamps 15 sus-
pended upon support members 16. The ends of enve-
lope 14 terminate in a pair of pinch seals 18. Inleads 13
pass through pinch seals 18 and are terminated in a pair
of filaments or discharge electrodes 19. Discharge elec-
trodes 19 as illustrated herein, may be conventional flu-
orescent type lamp electrodes and include a thermionic
filament connected across inleads 13 and having asso-
ciated therewith a pair of anode members 20 which
function on alternate portions of an alternating current
cycle with an oppositely disposed filament operating as
cathode. Alternatively, a thermionic hollow cathode
may be used for the attainment of higher discharge cur-
rents to optimize the invention.
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A charge 21 of a quantity of an ionizable vaporizable
metal, such as mercury, cadmium or zinc, together with
a partial pressure of a suitable noble gas such as helium,
neon, argon, krypton or xenon is located within inner
envelope 14 to provide for a far U.V. emitting lamp 10
suitable for use in accord with the present invention.
The quantity of metal is such as to insure a partial pres-
sure of approximately 107 to 10! torr of vaporized
metal at operating temperature and current.

If desired, in the instance in which the lamp is to be
utilized in the mode of operation wherein the far U.V.
light excites a fluorescent phosphor to emission of visi-
ble light, a fluroescent phosphor adapted to emit visible
and near ultraviolet light when irradiated by far ultravi-
olet light is disposed over substantially all of the inner
portion of the bulbous portion of outer envelope 11.
Alternatively, in the instance on which the direct radi-
ant emission of the discharge providing far ultraviolet
light is to be utilized, then the outer envelope 11, if
present, is clear but must be constructed of a material
such as fused quartz, high density alumina or sapphire
which is transparent to far ultraviolet radiation. In all
instances, inner envelope 14 must likewise be fabri-
cated of an ultraviolet transmissive material as is re-
cited above. In instances in which very low currents are
to be utilized for the operation of a discharge between
electrodes 19, it is not essential that a double walled en-
velope structure be utilized. This is also particularly
true in the instance in which a mercury discharge,
which may be maintained within the desirable operat-
ing pressure at a temperature of from 25°-125°C and
there is no great necessity for providing means for
maintaining high temperature within the inner enve-
lope, and likewise the outer envelope may be dispensed
with. Alternatively, in the instance in which zinc or
cadmium are utilized as the radiating specie and it is
necessary to maintain the temperature within the enve-
lope 14 at a value of 200°-400°C, then it is a necessary
condition that thermal buffering means may be pro-
vided to maintain the coldest portion of envelope wall
14 at the elevated temperature and the double enve-
lope structure is utilized. In such instances, it is desir-
able that the inter-envelope space be evacuated in
order to prevent dissipation of heat from the inner en-
velope.

In accord with the present invention, I have discov-
ered that unlike the ultraviolet light sources of the prior
art which generally utilized mercury discharges at such
values of current and pressure of the mercury such that
the primary emission of the mercury spectrum was of
the 2537 A.U. atomic mercury line, the ultraviolet light
sources in accord with the present invention utilizing
high currents and low pressures radiate ionic radiation
that is within the range of 1,600-2,300 A.U. Thus, for
example, when mercury is the radiating specie, the
emission is the 1650 and 1942 ionic lines. When the ra-
diating specie is cadmium, the emission is from the
2,144 A.U. and 2,265 A.U. ionic lines, When zinc is the
radiating specie, the radiation is the 2,026 A.U. and
2,062 A.U. ionic lines.

I have further discovered that although the emission
of atomic radiation in lamps in accord with the prior art
generally varies as a direct function of the discharge
current, the emission of the ionic lines varies according
to a relationship which may be stated by the formula,
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I=ci,

where i is the current. density, ¢ is a constant and n
equals 1.75 for the Hg-A discharge and » equals 2.0 for
the Hg-Kr discharge. Thus, it follows that the emission
of the ionic lines varies superlinearly and almost by the
square of the discharge current.

Accordingly, rather than utilizing a direct current or
sine wave alternating current excitation (or even a
pulsed current excitation wherein the average current
supplied to the radiating specie is a major fraction, i.e.,
50 percent of the peak current supplied to the radiating
specie,) I provide lamp apparatus wherein a high cur-
rent, low pressure radiating specie type discharge is ex-
cited with a shaped current waveform wherein a suffi-
cient value of current to excite the radiating specie to
ultraviolet emission is provided for only a small fraction
of the total excitation period. This fraction has a maxi-
mum of approximately 40 percent of the excitation pe-
riod and may vary as low as 5 percent for alternating
positive and negative going peaks of the pulsed wave-
form and as low as 1 percent of the total period when
pulsed unidirectional voltages are utilized. Thus, for ex-
ample, for discharge tubes as illustrated in FIG. 1 hav-
ing an I.d. of the inner envelope of 14 mm. and an inter-
electrode spacing of 22 cm., a peak current of 5-50
amperes is applied for from 5 to 40 percent of the time
and a “keep alive” current of several hundred milliam-
peres is supplied for the remaining time.

FIG. 2 of the drawing illustrates a pulsed waveform
which is a simple shaped 60 Hz alternating positive
going and negative going pulse wave having a value suf-
ficient to cause excitation for approximately less than
40 percent of the total excitation period. Actually, the
initial and final parts of the positive going and negative
going pulses do not supply sufficient current to provide
for far U.V. excitation of the discharge in accord with
the invention and only the peak of the positive and neg-
ative going pulses satisfies this criteria, so that by vary-
ing the absolute value of the peak current and its dura-
tion, the waveform may be adjusted for any desirable
excitation percentage.

FIG. 3 of the drawing illustrates an alternate pulse
shaped waveform which is basically a 15 Khz shaped
wave having aiternate positive and negative going
pulses in which the period of current sufficient to excite
the specie to far U.V. radiation is a maximum of 40 per-
cent. Such a wave may, as described hereinbefore, by
adjustment of the effective width of the positive and
negative going pulses, be adjusted to any desirable per-
centage of the total period of excitation which is effec-
tive to cause far U.V. radiation from the lamps of the
invention. I find, due to the relaxation times of the radi-
ating species involved, that for alternating shaped
waveforms, as illustrated, frequencies of from approxi-
mately 10 Hz to 50 Khz are suitable.

FIG. 4 of the drawing is a schematic illustration of a
suitable power supply 30, effective to produce the
shaped waveform of FIG. 3 connected to a schemati-
cally illustrated far U.V. emitting lamp in accord with
the invention. In the circuit of FIG. 4, lamp 10 having
discharge electrodes 12 is connected between a pair of
center-tapped filament transformers 31 which are con-
nected across a line voltage source 32, The current cir-
cuit through the lamps passes through a current limit-
ing choke 33 and a solid state switching means 34.
Switching means 34 is supplied with a phase-delayed
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trigger pulse from a pulse width generating means 35

connected to line voltage through a step down trans-
former 36. Pulse width generating means 34 includes a
full wave rectifier 37, a limiting resistance, a zener
diode 39, an RC circuit 40 and 2 grounded emitter
transistor 41, suitable for producing a phase delay
which appropriately reguilates, in accord with the val-
ues thereof, the portion along the total excitation time
that the solid state switch 34 is operative to allow the
flow of full excitation current to the lamp. Solid state
switch 34 is bypassed with a several hundred ohm resis-
tance 42 in order that a current, sufficient to keep the
radiating specie ionized, is allowed to flow through the
lamp electrode circuit in the inactive portion of the
time period.

FIG. 5 is a logarithmic plot of lamp intensity, in arbi-
trary units, as a function of total lamp current. Curve
A is a plot of the intensity from a lamp utilizing mer-
cury and krypton, and emiiting principally 1942 A.U.
ionic radiation with some 1650 A.U. ionic radiation,
operated by a 60 Hz sine wave current. Curve B, on the
other hand, is a plot of lamp intensity, in the same units,
as a function of discharge current for a similar lamp uti-
lizing a shaped waveform, in accord with this invention.
The waveforms of FIGS. 2 and 3 were both plotted and
both follow Curve B to an extent that they cannot be
distinguished from one another. Comparison of Curves
A and B shows a substantial increase in lamp intensity
for shaped current waveform excitation.

From the foregoing, it may readily be seen that the
intensity of lamps in accord with the present invention
clearly increases as a superlinear function of current
due to the greater than unity exponential function of
the dependence of the intensity upon the current for
the shaped waveform mode of operation and the appa-
ratus for providing the same. The data obtained and
plotted on FIG. 5 are taken from a lamp utilizing a con-
ventional fluorescent lamp cathode. In accord with the
present invention, it is preferable that high. current
cathodes be utilized as for example, thermionic or hy-
brid hollow cathodes such as the type cathodes as set
forth in the co-pending application, Ser. No. 886,824,
filed Dec. 22, 1969, of Harald Witting. Briefly, such hy-
brid hollow cathodes include a split hollow cathode
member including a pair of symmetrically disposed
curved surfaces, which may for example, be semi-
cylindrical, semi-conical, hemispherical or other ap-
propriate configurations are disposed so as to form a
hollow cathode cavity with the thermionic filament dis-
posed therebetween. When the cathode is energized,
the thermionic filaments immediately causes the estab-
lishment of a discharge and accelerates establishment
of a hollow cathode mode discharge which carries very
high currents. Lamps utilizing hollow thermionic cath-
odes as is described hereinbefore, clearly are capable
of improved operation more nearly approach the theo-
retical limit of improvement of the shaped waveform
mode of operation due to the increased dependence of
the ionic radiation upon peaked current.

By the foregoing, I have disclosed apparatus for pro-
viding high intensity luminous output which may be

. emission in the far ultraviolet caused by the direct op-
eration of a low pressure, high current, vaporizable,
ionizable metallic vapor discharge emitting in the far
ultraviolet and useful in photochemical and other such
non-illuminating purposes.
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Alternatively, the invention is operable to utilize far
ultraviolet radiation which excites luminescent phos-
phors which are sensitive to far ultraviolet radiation to
produce high luminous intensity in the visible range.
The improved intensity of lamps in accord with the
present invention results from the ‘coupling therewith
of means for providing a current waveform to the elec-
trodes of the far ultraviolet emitting discharge to cause
the current through the discharge to exhibit a first
value which is effective to cause far ultraviolet emission
from the vaporized and ionized metallic specie therein
for a period which is a minor fraction of the total period
of excitation of the lamp. For the remainder of the total
period of excitation of the lamp, the waveform exhibits
a second value which is insufficient to cause far ultravi-
olet emission, but sufficient to maintain the lamp in a
state of vaporization and ionization so as readily to re-
turn'to the emitting state. Due to- this shaped current
waveform excitation, the average power supplied to the
lamp during operation is a relatively small fraction of
the peak power supplied thereto. Thus, it is possible
with the same average current input, greatly to increase
the instantaneous current input to the lamp to cause an
increased light output which increased output causes a
superlinear variation and increase in the intensity of the
emitter light.

While the invention has been disclosed herein with

. respect to certain specific and preferred embodiments
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thereof, many modifications and changes will readily
occur to those skilled in the art. Accordingly, I intend
by the appended claims to cover all such modifications
and changes as fall within the true spirit and scope of
the present invention, and its specific disclosure.
What I claim as new and desire to secure by Letters
Patent of the United States is:
1. High intensity lamp apparatus comprising:
a. a far U.V. emitting discharge means including:
a,. an evacuable hermetically sealed U.V. transmis-
sive envelope,
ag. a pair of discharge electrodes disposed within
said U.V. transmissive envelope and sustaining in
operation an electric discharge in excess of 1
Alcm?,
a3. a quantity of a vaporizable ionizable metal
within said envelope sufficient to produce a par-
tial pressure thereof of approximately 1074 to 1
torr under lamp operating conditions,
a,'. said metal emitting far U.V. ionic radiation
at wavelengths of from 1,650 to 2,300 A.U.
under excitation by discharge current densities
of in excess of 1 A/cm? at said pressure, and
b. Current waveform shaping means operatively con-
nected with said discharge electrodes and receiving
normal fluorescent operating current input to con-
trol and modify said input current to provide a
shaped current waveform during each period of op-
eration having a value of current in excess of the
maximum value of said input current and being suf-
ficient to excite said meta] to ionic radiant emission
during a portion of each period of approximately 5
to 40% of the period thereof and a minimal ionizing
value insufficient to cause jonic emission for the
remainder of said period while maintaining sub-
stantially the same average current input during
said period.
2. The apparatus of claim 1 wherein said far U.V.
emitting discharge means includes a vaporizable ioniz-
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able metal selected from the group consisting of mer-
cury, cadmium and zinc and a noble gas selected from
the group consisting of helium, argon, neon, xenon and
krypton.

3. The apparatus of claim 2 wherein said metal is
mercury and said gas is argon.

4. The apparatus of claim 2 wherein said metal is
mercury and said gas is krypton.

5. The apparatus of claim 1 wherein the value of said
shaped current waveform in excess of the maximum
value of said input current is in excess of one ampere
per square centimeter current density and the value of
said minimal ionizing value of current is 10-200 milli-
amperes. n4ifg Yalte bt eurrent 1s 1Y-2U0 milh

6. The method of stimulating a lamp having a radia-
tion species emitting ionic radiation selected from the
group consisting of mercury, cadmium, and zinc en-
closed between a pair of discharge electrodes and
mixed with a partial pressure of a few torr of a noble
gas with controlled current excitation which method
comprises: (a) supplying a current waveform having a
predetermined excitation period to said discharge elec-
trodes; (b) electronically controlling the current sup-
plied to said discharge electrodes during a portion of
approximately 5 to 40% of each said excitation period
of operation to shape the current waveform during said
portion to have a value in excess of the normal maxi-
mum operating current of said lamp and sufficient to
raise excited vapors of said metal to a state at which far
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UV ionic radiation exponentially dependent upon cur-
rent value is emitted; (c) further electronically control-
ling the current supplied to said discharge electrodes
during the remaining portion of each said excitation pe-
riod of opeation to further shape the current waveform
during said remaining portion to have a current valve
insufficient to stimulate excited vapors of said metal to
said ionic emission but sufficient to maintain vapors of
said metal in a vaporized and ionized state; (d) said val-
ues of current supplied to said discharge electrodes
during the UV ionic radiation emitting portion of said
excitation period and the remainder of said excitation
period being of such magnitude that the average cur-
rent input to said discharge electrodes during said exci-
tation period maintains the same average value of cur-
rent input thereto as is supplied under normal current
waveform operation during said excitation period; (e)
said lamp emitting ionic radiation due to said con-
trolled current excitation which is greater in intensity
than that achievable under normal waveform excitation
at the same value of average current,

7. The method of claim 6 wherein said shaped cur-
rent waveform is a pulsed unidirectional current and
said portion of said excitation period wherein the cur-
rent value is in excess of normal maximum operating
current is approximately 1 to 10% thereof instead of §
to 40%.
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