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- METAL HALIDE LAMP SYSTEM 

BACKGROUND OF ‘TI-IE INVENTION 

Long linear metal halide lamps may be designed to 
provide radiation in a wide variety of spectral bands as 
required by the particular use. Examples of industrial 
applications are diazo printing requiring peak output in 
the 3500 to 4000 A regiomphoto polymerization reac 
tions primarily sensitive in the 2000 to 2500 A region, 
polymerization of photo resists in the region below 
2000 A,'paint drying and air curing of coatings in the 
range of 2500 to 4000 A. Radiation e?iciencies of 
metal halide lamps speci?cally designed to emit in 
selected wavelength regions may be several times 
higher in those regions than other types of discharges. 
An example of a long linear metal halide lamp of the 

. kind in question is that described and claimed in 
copending application Ser. No. 863,732, ?led July 7, 
1969, now abandoned by John M. Sato, William H. 
Lake and Delmar D. Kershaw, entitled “Selective 
Spectral Output Metal Halide Lamp” and assigned to 
the same assignee as the present invention. One lamp 
speci?cally described therein for use in reprographic 
applications to make colored copies has radiation con 
centrated in the three primary colors, blue, green and 
red utilizes a ?lling of zinc, lithium and thallium iodides 
plus mercury. ‘ 

In general, photochemical processes have photon 
limited reaction rates and some speci?c reactions may 
be inhibited by radiation in other regions of the spec 
trum. This means that very high power densities in 
speci?c spectral regions are desirable. Long linear or 
slender lamps facilitate focusing of individual units as 
desired and also permit mounting in a closely packed 
array to provide very high power ‘densities. By slender 
lamps are meant lamps in which the length is at least 10 
times the envelope diameter. However, slender 
discharge lamps tend to have the undesirable charac 
teristic of nonuniformity of radiation along the axis of 
the lamp. U.S. Pat. No. 2,761,086 - Noel and Falconer, 
August 1956, Electric Discharge Lamp, provided a 
solution to this problem for the case of high pressure 
mercury'vapor lamps emitting at 3650 A. 

~ The problem of nonuniformity is very much ag 
gravated with metal halide lamps containing more than 
one metal. In such lamps the spectral output distribu 
tion becomes nonuniform along the axis, that is the 
color varies drastically along the length of the lamp. 
Unless the nonuniformity can be eliminated, the lamp 
is useless for reprographic applications. The degree of 
nonuniformity depends upon the particular metal ha 
lides used and limits the number and permissible 
amount of suitable materials. In addition arc chamber 
parameters must be carefully controlled in order to as 
sure that lamps have a uniform spectral distribution 
even for acceptable metal halides. In all cases, a practi 
cal limitation exists on the length of the discharge 
which can be achieved without developing spectral 
nonuniformity. 
By way of example, metal halide discharges in T3 

(tubular % inch arc tubes longer than 4 inches show in 
general at least 10 percent variation in spectral output 
from end to end and often as much as 100 percent 
when operated on alternating current. When the same 
lamps are operated on direct current, even greater 
nonuniformity results with vapor species being pumped 
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2 
to one end or the other of the tube by electrophoresis. 
The direction and degree of pumping varies with the 
particular metal halide species and with the other 
metals present in the arc tube. 

SUMMARY OF THE INVENTION 
1 have found that the factors primarily responsible 

for nonuniformity are thermal gradients and cataphore 
sis. In AC discharges thermal gradients may be caused 
by a non-uniform bulb temperature distribution, or be 
variations in bulb diameter, or by unbalanced electrode 
losses. Regenerative conditions may exist causing small 
unbalances to lead to large nonuniforrnities. 
Cataphoresis may result directly from the nature of the 
current used, for instance where the current is DC or 
where the current is AC which includes a DC com 
ponent. Cataphoresis may also result from an un 
balance in the electrode energy input which effectively 
creates a DC component. 

I have found that the electrophoretic effects resulting 
from the introduction of a direct component into the 
lamp current are fast acting and relatively powerful. By 
introducing a controlled DC component into the lamp 
operating current, the effects of the relatively weak 
phenomena due to thermal gradients may be overrid 
den. The nonuniformity may be regulated and effec 
tively overcome by controlling the direction and mag 
nitude ‘of the DC component introduced into the 
discharge current. 
There are various ways in which the DC component 

may be supplied and controlled. One way, which may 
be referred to as Variable Time Ratio Square Wave 
Operation, operates the lamp from a DC power supply 
through polarity reversing switches in the form of 
semiconductors. A control circuit is provided whereby 
the time of current flow in any one polarity is deter 
mined by the direction and degree of unbalance in the 
spectral output. 

In another circuit which may be referred to Audio 
Frequency with DC Offset Current, the lamp is 
operated directly from a high audio frequency power 
supply. An auxiliary control provides a parallel DC off 
set current to regulate the electro-phoretic effect in the 
lamp. ' 

DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates a long linear tubular metal halide 
lamp suitable for the invention. 

FIG. 2 compares the output distribution of the lamp 
of FIG. 1 under normal 60 hertz operation with that 
under controlled DC bias for three color bands. 

FIG. 3 is a functional block diagram of a DC bias 
control circuit‘ for operating the lamp according to the 
invention. 

FIG. 4 shows waveform output of an operational am 
pli?er in the control circuit. 

FIG. 5 is a detailed schematic diagram of the DC bias 
control circuit. 

DETAILED DESCRIPTION 
Lamp Structure 
A slender tubular lamp suitable for operation ac 

cording to the invention is illustrated in FIG. 1 compris 
ing an arc tube 1 of quartz or fused silica. The tube may 
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be of the size commonly referred to as T3 (tubular, ‘it: 
inch dia.) having an inside diameter of about 8 millime 
ters and having sealed therein at opposite ends a pair of 
arcing electrodes 2,2’ de?ning an arc gap of about 14 
inches. In the drawing, portions of the lamp have been 
cut away to shorten the ?gure. The electrode inleads 3 
have intermediate thin molybdenum foil sections 4 her 
metically sealed through full diameter pinch seals 5 at 
the ends of the tube. The electrodes each comprise a 
double layer tungsten wire helix 6 wrapped around a 
tungsten core wire 7, and may be conventionally ac 
tivated by thoriumoxide applied as a coating on the 
turns of the helix or ?lling the space or interstices 
between turns. In order to heat the. end chambers and 
thus increase the vapor pressure of the metal iodides, 
quartz sleeves 8 extendingforward up to the electrode 
tips may be ?tted over the ends of the lamp as illus 
trated. The space between the tube wall and the sleeve 
‘is ?lled with a refractory white insulation 9 of quartz 
?bers. 

EXAMPLE 1 

In one set of lamps utilizing the above-described en 
velope, the ?lling consisted of the following: 

Thallium Iodide 10 mg 
Lithium Iodide 5 mg 
Indium Iodide l0 mg 
Mercury 7 mg 
Argon 25 torr 

The spectral output was concentrated in three bands 
as follows: 

Green 50004500 A 
Red 6100-6800 A 
Blue 4300-4700 A 

Under conventional sine wave alternating current 
operation, it was possible to maintain spectral 
uniformity with the above lamp ?lling in arc lengths up 
to about 10 inches. However this required close control 
of the arc chamber diameter, namely limiting variations 
in diameter to less than 10 microns per centimeter of 
length, close control of wall thickness, and close regu 
lation of end chamberv temperature. When the same 
lamps were operated utilizing a DC bias control circuit 
in accordance with the invention, satisfactory spectral 
uniformity was achieved for 14 inches are length lamps 
even when no attempt was made to control the impor 
tant arc chamber parameters. FIG. 2 shows the output 
distribution for normal 60 hertz operation (dashed 
lines), and for operation with a controlled DC bias 
(solid lines) according to the invention, for the three 
color bands green, red and blue. In each case the inten~ 
sity is plotted as ordinate against the place of measure 
ment along the length of the lamp as abscissa, and the 
improvement in uniformity is apparent. 

EXAMPLE 2 

In a second lamp type utilizing an envelope similar to 
that previously described, the ?lling consisted of the 
following: 

Thallium Iodide 10 mg 
Lithium Iodide l0 mg 
zinc iodide 10 mg 
Mercury 7 mg 
Argon .25 torr 
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With conventional sine wave 60 hertz ballasts, the 
lamps of example 2 exhibited nonuniform spectral dis 
tribution in about 30 percent of lamps having arc gaps 
of 4 inches, and in all lamps having arc gaps greater 
that 6 inches. Control of arc chamber parameters failed 
to improve the spectral distribution in the long arc gap 
lamps. However use of a DC bias control circuit in ac 
cordance with the invention resulted in a very satisfac 
tory spectral distribution even for are lengths as long as 

. 14 inches. 

Operation with DC bias control permits the use of a 
greater variety of metal halides with more ?exibility in 
the choice of spectral output. It reduces the need for 
close control of arc chamber parameters, thereby 
lowering the cost of manufacture and the shrinkage 
rate. It permits the use of very small chamberdiameters 
in linear lamps, for example in applications requiring 
critical focusing. 

BLOCK DIAGRAM 

The block diagram of FIG. 3 illustrates one scheme 
for controlling a DC bias current to regulate the spec 
tral distribution of a metal halide discharge lamp. A 
pair of photo sensors P1 and P2 responsive to light in- _ 
tensity are aimed at opposite ends of the lamp. Their 
signals are fed to a differential operational ampli?er 
connected as a zero crossing detector. The output volt 
age of the operational ampli?er is supplied to power 
control ampli?ers which provide an “on” signal to the 
right or left upper transistor power switches (LUS or 
RUS), and to the diagonally opposite lower ‘transistor 
power switch (RLS or LLS). The four transistor power 
switches determine the direction in which the DC 
supply current is allowed to ?ow through the lamp 
load. 
Circuit Description - 

A circuit operating in accordance with the foregoing 
scheme is shown schematically in FIG. 4. Photosensors 
P1 and P2 comprise photo transistors Q1 and Q2 aimed 
or optically coupled to receive radiation f1,f,, from op 
posite ends of the lamp 1. They determine the input 
voltage to the darlington photo ampli?ers, 03,4 and 
Q5 ,0. To compensate for variation between the 
response of individual photo transistors to light flux, a 
sensitivity adjustment of the gain and output voltage 
level of the photo ampli?ers is made by means of varia 
ble resistors R1 and R2 (of 50 kilohms) and R3 and R4 
of 5 kilohms. The sensitivityadjustment also deter 
mines the overall response of the system to an im 
balance of light at the lamp ends. It is adjusted to pro 
vide sufficiently ?ne control to meet the need for 
uniformity but not so high as to cause hunting or oscil~ 
lation of the end to end light difference. 
The output of the photo ampli?ers is combined with 

an alternating sine wave voltage from source AC and 
applied to the input terminals x and y of a conventional 
operational ampli?er 0A connected as 'a zero crossing 
detector. If the input at terminal at exceeds that at ter 
minal y, the output is negative;.if the input at terminal y 
exceeds that at terminal 1:, the output is positive. 
The control function is developed as follows. The 

input signal to the operational ampli?er is the dif 
ference in voltage applied to terminals x and y and is 
given by: 



5 
V,— V,,= Vsin wt+(V1— V2) 

where V sin wt is the alternating sine wave voltage from 
source AC, V, is the signal at x-due to sensor P1, and V2 
is the signal at y'due to sensor P2. By design, the ac sine 
wave voltage is always greater than the difference in 
sensor voltages V1, V2. Then when Vl >Vz, the input 
voltage to 0A is as shown in FIG. 4a. When the input to 
0A is positive, the output is negative, as shown in FIG. 
4b and vice versa. When Vl = V2, then OA simply per 
forms a squaring function on the input sine wave, as 
shown in FIG. 40. When V1<V2, the input voltage is as 
shown in FIG. 4d, and the output» voltage as shown in 
FIG. 4e. ' 

The-average output voltage V out of operational am 

'where T= l/w = period of the input sine wave, Vm is 
the peak of the sine wave‘, At, is the positive wave dura 
tion, and Atz isythe negative wave duration. Its value 
can vary continuously from +Vm,“ to —V,,m depending 
on the difference in the light output between the lamp 
ends. 

The control voltage must operate to balance the light 
output from opposite ends of the lamp. For the lamp of 
Example 2 above, a dc voltage applied to the lamp will 
cause the light to, increase at the cathode or negative 
end. The control circuitry must provide current 
through the lamp in a direction to counteract the 
sensed imbalance 'by reversing the dccomponent of 
current. _ 

Referring to FIG. 5, a bridge circuit controls current 
?ow from a constant current dc source 11. The bridge 
comprises four transistor power switches LUS, RUS, 
LLS and RLS, being left and right, upper and lower 
switches. The polarity of power application is deter 
mined by having LUS and RLS “on” at the same time 
as RUS and LLS are “off”, and vice versa. For reliabili 
ty, neither LUS andRLS, nor LLS and RLS should ever 
be “on” simultaneously, and it is desirable that ‘the 
transition from one'polarity to, the other be made as 
rapidly as possible. These requirements are ful?lled by 
the drive circuitry intervening between operational am 
pli?er 0A and the transistor power switches. 
Drive Circuitry ’ 

Transistor 07 is a very high gain transistor and serves 
to increase the level of the output from operational am~ 
pli?er CA as well as to speed up the voltage reversal 
rate to approximately 20,000 volt/sec. Transistor Q8 
inverts the output of Q7, that is reverses its phase. 
Transistors 07 and Q8 thus provide the out of phase 
“on” and “off” control signals necessary to obtain the 
proper application of power to the lamp through the 
power switches. 

Transistors 09,10 and 011,12 provide high peak 
power capacity for driving the principal drive 
transistors 013,14 and 015,16 as rapidly as possible. 
The associated circuitry provides isolated control of 
the “tum on” and “turn off” signals to maximize the 
speed and at the same time maintaining a very low dis 
sipation. This permits lower cost low power transistors 

’ to be used for the drive transistors. 

3,700,960 

15 

20 

25 

35 

40 

45 

50 

55 

60 

6 
In the absence of any drive sigials, all the power 

> switches are biased off by the passive bias supplies. The 
upper power switches LUS and RUS have individual 
low voltage bias supplies consisting of the full wave 
recti?ed output of transformers T1 and T2 and the bias 
control transistors 017 and 018. The lower power 
switches LLS and RLS operate from a single bias 
supply (not shown) with similar circuitry connected to 
terminals 12 and 13. These bias supplies insure that the 
power switches are in saturation at the maximum cur 
rent level required for the lamp. 
The principal drive transistors are connected to the 

base circuit of the bias control transistors 017,18 and 
019,20 and when on remove the base drive from the 
power switch circuits. A problem with such circuitry 
arises from the fact that transistors turn “on” much 
more rapidly than “0 ,” and turn off from saturation 
can be even longer due to stored charge in the 
transistors (storage time). Since LUS and LLS must 
never be “on” simultaneously (similarly RUS and 
RLS), the turn on of these transistors must. be made 
slower than the turn off including storage time, the 
reverse of the inherent tendency. While delay networks 
can be used, they become complicated and result in 
high dissipation in the power switches when long time 
periods are involved. In particular, the darlington con 
nection .results in much longer charge storage and 
slower turn OK because the conventional means of 
charge removal consisting in reverse biasing the 
emitter-base junction, cannot be used.‘ According to an 
important feature of the invention, this handicap is 
overcome by means of pulldown diodes. 
The diodes D1, D2-5; D6, D740; D11, D12-15; and 

D16, D17-20 provide paths for removal of stored 
‘charge from each of the transistors through the prin 
cipal drive transistors and thus serve to minimize the 
storage time. The improvement in performance is re 
markable: typical storage time without these diodes is 
20 microseconds or more; with the pulldown diodes, it 
is on the order of 2.5 microseconds. _ 

1 The addition of very small capacitors Cl,2,3,4; 
delays the turn on time up to about 3 microseconds 
without seriously affecting the rise time and increasing 
thedissipation. The diode strings D2l-24 and D25-28 
provide a convenient means of establishing a negative 
turn off bias for maximizing the turn off rate of the 
lower transistors. The upper transistors do not need this 
because they turn off into the +DC power source which 
provides ample pulldown drive. 
Lamp-Circuit Functional Considerations 
The reignition voltage of the long linear metal halide 

lamps used with this system can be extremely high. For 
60 hz sine wave operation, reignition voltages greater 
than 2000 volts are often observed during the starting 
period, and greater than 1000 volts during normal 
operation. High reignition voltages make ballasting dif 
ficult. However with dc or square wave operation as 
provided by the invention, the problem is minimized. In 
square wave operation, the transition must be su?i 
ciently rapid to limit the reignition voltage to the capa' 
bility of the dc power source. Transition times of the 
order of 20-30 microseconds can result in reignition 
voltages of 100-200 volts and can cause difficulty in 
the design of the power source. Therefore it is desirable 
to make the transition time less than 20 microseconds, 
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and transition times on ‘a the order of 2 to vl0. 
microseconds, as achieved by this circuit, are much 
preferable. Thus avoidance of high reignition voltages 
is another advantage of the circuit according to the in— 
vention. . . 

What I claim as new and desire 
Patent of the US. is:'- ' 

1. A circuit for overcoming nonuniformity of radiant 
output along the length of an elongated metal vapor 
discharge lamp of a kind subject to electrophoretic ef 
fects, comprising: 

a source of electric current and means for connect 
ing the lamp across said source, 

sensing means responsive to unbalance in spectral 
output between the ends of said lamp, 

and control means responsive to said sensing means 
and providing current through said lamp with a dc 
component proportioned to create an elec 
trophoretic effect overcoming said unbalance. 

2. A lamp as in claim 1 wherein said control means 
providescyclic reversals of current through said lamp 
in addition to said dc component. 

to secure by Letters 

3. A circuit as in claim 1 wherein said sensing means 7 
comprises a pair of radiation sensors optically coupled 
to opposite ends of said lamp. 

4. A circuit as in claim 1 wherein said source pro 
vides a controlled dc current and said means for con 
necting the lamp across said source comprises semicon 
ductor switches controlled by said control means. 

5. A circuit as in claim 1 wherein said source pro 
vides a controlled dc currentand said means for con 
necting the lamp across said source comprises a bridge 
circuit including four semi-conductor switches con 
trolled by said control means in pairs to determine the 
direction of current flow through said lamps. 

6. A circuit as in claim 1 wherein said sensing means 
comprises a pair of radiation sensors optically coupled 
to opposite ends of said lamp, said source provides a 
controlled dc current, and said means for connecting 
the lamp across said source comprises a bridge circuit 
including four semiconductor switches controlled by 
said control means in pairs to determine the direction 
of current ?ow through said lamps. 

7. A circuit for overcoming nonuniformity of radiant 
output along the length of an elongated metal vapor 
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8. . 

lamp of a kind subject to electrophoretic effects, com 
prising: 

a source of controlled electric dc current, 
I a bridge circuit comprising four semiconductor 

switches, 7 

said source being connected across one diagonal of 
said bridge,- 7 ' ' ' 

terminals for connecting said lamp across the other 
diagonal of said bridg , 

a pair of radiation sensors optically coupled to op 
posite ends‘ of said lamp and responsive to the un 
balance in spectral output therefrom, ‘ 

control means cyclically turning “on" and “off” op 
posite pairs of said switches in order to provide al 
ternating current flow- from said source through 
said lamp, > 

said control means being responsive to the signals 
from said sensors by varying the time of current 
?ow in any one polarity in accordance with the 
direction and degree of unbalance in the spectral 

8. ‘li’liii’ctitit as in claim 7 wherein said control means 
comprises an ac source and an operational amplifier, 
said operational ampli?er providing a square wave out 
put reversing at the frequency of said ac source with a 
ratio of time duration in opposite polarities following I 
the degree of unbalance in the spectral output. 

9. A circuit as in claim 7 wherein each of the four 
switches comprises two transistors connected emitter 
to base with common collectors in the darlington 
mode, and diodes connecting the bases of said 
transistors to said control means in order to achieve 
fast removal of stored carriers at turn off. - 

10. A circuit as in claim 7 wherein said control 
means comprises an ac source and an operational am 
plifier, said operational amplifier providing a square 
wave output reversing at the frequency of said ac 
source with a ratio of time duration in opposite polari 
ties following the degree of unbalance in the spectral 
output, and each of the four switches comprises two 
transistors connected emitter to base with common col 
lectors in the darlington mode, and diodes connecting 
the bases of said transistors to said control means in 
order to achieve fast removal of stored carriers at turn 
off. 
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