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' DISCHARGE LAMP CONTAINING BRIDGE 
RECTIFIER I 

BACKGROUND OF THE INVENTION 

The invention relates to an electric“lamp‘i‘which‘in 
cludes a bridge recti?er mounted in the‘ base.‘ It is. par 
ticularly useful with resistively ballasted high intensity 
metal vapor discharge‘ lamps of the doubleenvelope or 
jacketed type‘which include a bridge‘ recti?er as an in 
tegral part of the lamp. 

In our copending application, Ser. No. 54,880, ?led 
July 15, 1970, entitled “Internally Resistively Ballasted 
Discharge Lamp Containing Bridge Recti?er” now 
US. Pat. No. 3,666,986 ‘and assigne‘d‘like‘this applica 
tion, we have disclosed a‘ resistively‘ballasted arc lamp 1 
which includes an integral full-wave‘bridge recti?er. 
The bridge recti?er converts the A-.C. supply voltage‘ to 
D.C. and thereby reduces the extinguishing-voltage 
since there is no longer the need at every half cycle‘to 

‘establish as cathode the electrode which ‘was anode 
during the preceding half cycleDThis in turn permits the 
use of a higher voltage arc tube ‘and an1 increase‘ in the 
ratio of voltage drop across the ‘arc tube tovoltage drop 
across the ballast ?lament, resulting in‘eincreased ef?~ 
cacy. To provide a voltage doubling effect for ‘starting 
the lamp, one or two of the dio'desof the bridge may 
have a capacitor connected‘ in‘ parallel. These are small 
size capacitors since-they need only provide current 
‘enough tov ignite the discharge and not to maintain the 
are. When the voltagedoublingeffect is not needed, 
the bridge rectifier may also be used along withoutv'any 
capacitor. 

After ignition of the lamp, the bridge recti?er contin 
ues' to operate the lamp or recti?ed current and the di 
odes must have current carrying capacity adequate for 
this burden. The real difficulty arises from the need to 

, provide adequate heat-dissipating capacity‘for‘ the di 
odes. While silicon diodes are used *which‘can with 
stand a higher operating‘temperature‘thangermanium 
diodes, the problem of assuring adequate heat dissipa 
tion in the confined environment of a high intensity dis 
charge lamp whereof both the arcltube and the ballast 
ing ?lament are‘intense sources oflheat, has remained 

. acute. 

SUMMARY OF THE INVENTION 
In accordance with our = invention, adequate heat~ 

dissipating capacity for the four diodes of the bridge is 
achieved by heat-sinking one pair of diodes directly to 
the center contact of‘the ‘base, and‘heat-sinking'the 
other pair of diodes directly to'the‘ base shelLWe have 
found that such heat sinking may fortuitously be 
achieved by way of the required electrical connections 1 
because the velectrical circuit calls for connecting two 
of the diodes to the end contact and two to the base 
shell. 

In a preferred embodiment,"the full wave bridge com 
prises fouravalance type silicon diodes in a commer~ 
cially available passivated and glass—encapsulated con 
struction. Two of the diodes are ‘disposed parallel to the 
longitudinal axis of the lamp and soldered or brazed 
with very short leads to the end contact. Two other di 
odes are disposed‘ transverse to the lamp’s ‘axis and‘ 
soldered or brazed with very short‘leads to the end of 
the base shell.‘ The other‘sides of the four diodes are 
connected together in pairs to form the conjugate out 
put points across which the arc tube and the ballast im 
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2 
pedance consisting of an ‘incandescible ?lament are 
connected in series. Where a voltage doubling effect is 
desired, one or two of the diodes may be paralleled by 
a small capacitor. The assembly of the four diodes, and 
the capacitors when used, ‘ is ‘potted in an electrical 
‘.resin which also serves“ to hold‘the‘ end contact in‘ the 
desired spatial relationship relative to the base shell. 
‘In a variant of the design,‘ chip rectifiers are used in 

place of discrete encapsulated units. The chip rectifiers 
are stacked between the end contact and the outer face 
of the base shell with foils inbetween to serve as the 
conjugate output points. In yet another variant, an inte 
gral assembly composedof a good heat-dissipating sub- _ 
‘strate in which chip recti?ersl‘and conductors are em 
1bedded is disposed‘betweenthe end contact and the 
shell of the‘ base. 

DESCRIPTION OF DRAWINGS 
In‘ the drawings wherein like reference ‘characters in 

dicate corresponding elements in the several views: 
, ‘FIG. 1 shows‘schematically the circuit interconnec 
‘tions of the arc tube,‘ ballast ?lament and ‘bridge recti 
?er. , 7 

'FIG. 2 illustrates a high pressure metal vapor arc 
lamp wherein‘the invention is ‘embodied. in preferred 
form. 
‘FIG. 3 is an enlarged sectional view of the base show 

‘ing‘ heat sinking of the diodes to the end contact and to 
the base‘ shell. 

v FIG. 4‘illustrates a baserextensionicollar which in 
creases the ‘separation between‘the‘ hot‘ arc‘tube and 
'bridge‘recti?er in the base. . 

LFIGS. 5a and 5b are side‘sectional and end views re~ 
spectively of a base showing a semi-integral bridge as~ 
sembly constituting a variant of the invention. 
FIG. 6 is a side-sectional view‘ of a base- showing a full 

integral‘assembly ofpellet diodes in a heat dissipating 
substrate. ' ‘ ‘ 

DESCRIPTION or PREFERRED EMBODIMENTS 
The invention‘is mose useful when embodied in the 

base of a self-ballasted high‘pressure mercury‘ vapor 
lamp 1 as shown in FIGS. land ‘2. The lamp 1 com 
‘prises an outer glass envelope or. jacket 2 of ovoid 
shape. The neck 3 of the outer envelope‘is closed by 
the usual re~entrant stem 4 through which extend stiff 
inlead wires 5, 6. The inner arc‘tube 7 of quartz is pro 
vided at opposite ends with a pair of main discharge 
supporting electrodes 8, 9 to which connections are 
made by ribbon type inleads sealed through‘the ?at 
tened ends of the tube. ‘Eachelectrode comprises a 
tungsten coil activated with an electron-emitting mix 
ture such as alkaline earth oxides. An auxiliary starting 
electrode 10 sealed into the arc tube at itsupper end 
is connected through the usual current limiting resistor 
11 to inlead 5 by way of side‘rod ‘12. The side rodis 
welded to inlead 5 and extends to an anchoring dimple 
13 at the dome end of‘ the jacket which is engaged by 

l a springy clamp 14. The are tube is supported‘ in‘ the 
harness by clamping its ?at ends between metal‘ bands 
l5, 16 which are welded to single side rod 12. 
An ‘incandescibleballast ?lament ‘17 is mounted to 

extend-axially alongside the arctube. It is connected to 
side rod 12 by conductor 18 and to electrode 8 by con 
ductor 19; an insulated support wire ‘20 encircles‘the 
?lament near its midpoint‘to provide additional sup 
port. Side rod 12 connects main electrode 9 in series 
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with ballast ?lament 17 to inlead 5 while main elec 
trode 8 is connected directly to inlead 6. The outer en 
velope is ?lled with a non-reactive gas, suitably nitro 
gen, to reduce tungsten evaporation from ?lament 17. 
A pair of heat re?ector discs 21 is mounted in the neck 
of the outer envelope just below the stem. These discs 
are necessary in the version of the lamp intended for 
base-up operation in order to reduce the temperature 
of the base and of the recti?er bridge components 
mounted within it. Zirconium getter rings 22 absorb 
any deleterious gas, particularly hydrogen, released 
during operation. 

In the illustrated lamp, arc tube 7 contains a charge 
of mecury and an inert gas such as argon at a pressure 
below l00 millimeters of mercury. Alternatively, the 
lamp may contain metal halides in addition to the mer 
cury charge, for instande sodium iodide and other 
metal halides. Where the arc tube contains sodium io 
dide, the electron-emitting material used on the elec 
trodes is thorium oxide. 
The bridge rectifier comprises diodes D1 to D4 

which are preferably silicon diodes. In one lamp design 
rated at 120 volts A.C., 300 watts, the diodes are com 
merically available passivated and glass-encapsulated 
silicon diodes sold by General Electric Company and 
designated 1N5625. These are axial lead, avalanche 
type devices rated at 3.0 amperes and having a peak in 
verse voltage rating of 400 volts. As shown in FIG. 3, 
diodes D1 and D2 are mounted vertically in base 23 
and depend below end contact 24 to which they are 
‘brazed or soldered with extremely short leads. Conve 
niently, the short leads are passed through holes in the 
end contact and the upper face of the end contact is 
covered with solder 25. Diodes D3 and D4 are 
mounted horizontally within the circular aperture in 
the dome end of base shell 26 to which they are 
soldered or brazed with extremely short leads. The as 
sembly utilizes essentially zero lead length for the 
bridge connections on one side of each one of the four 
diodes and this gives maximum heat transfer to the end 
contact and screw shall of the base. These parts engage 
the conductive metal parts of the fixture socket, 
namely the center contact and shell respectively, and 
the arrangement thereby achieves optimum heat 
sinking capability. The end contact and base shell are 
preferably made of brass and the bridge may be assem 
bled using l5 percent tin, 85 percent lead solder, which 
has a solidus temperature of 225°C. to make soldered 
connections. v 

In this embodiment, capacitors C1, C2 are connected 
in parallel with and close alongside diodes D3 and D4 
respectively to provide a voltage doubling effect at 
starting. By using two capacitors, pulse transients 
which might damage the diodes are more effectively 
bypassed. Suitable capacitors are Sprague disc ceramic 
capacitors of 0.001 microfarad having a breakdown 
voltage rating of 1000 volts. These are high tempera 
ture capacitors assembled using high melting point sol 
der and having an epoxy-dipped outer coating. 
The inwardly directed ends of diodes D1 and D3 are 

joined together to form conjugate point j3, and simi 
larly the inner ends of diodes D2 and D4 are joined to 
gether to form conjugate point j4. As illustrated, the di~ 
odes are connected for [forward conduction toward 
conjugate point j3 and away from conjugate point j4 so 
that the former is positive and the latter is negative. Te 
?on-coated stranded wires 27, 28 are used to make the 
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4 
connections between the bridge output points j3, j4 and 
the lamp inleads 4, 5. 
After the bridge components have been mounted in 

place relative to the end contact and shell of the base, 
the entire assembly is potted using a ?lled resin 29 
which is ?ame retardant and has good resistance to me 
chanical and thermal shock. A suitable material is an 
epoxy resin designated Scotchcast XRS 192 and sold by, 
Minnesota Mining and Manufacturing Company. The 
external con?guration of base 23 is the same as that of 
a conventional (mogul size) base and it ?ts into the 
same kind of socket. 

In the embodiment of FIG. 2, the base is ?tted on the 
neck 3 of outer bulb 2 which has threads molded into 
the glass. A convenient way of assembling the parts is 
to ?rst solder stranded wires 27, 28 to the outer ends 
of inleads S, 6 and slip ?exible insulating sleeves over 
the joints. The base is next twisted counterclockwise 
about 2 ‘k turns relative to the bulb, and then screwed 
on clockwise until ?rmly seated‘, the twist being simul 
taneously removed thereby from the stranded wires. If 
the threads are smeared with a room temperature 
setting cement which is resistant to high temperatures 
prior to screwing the base on the neck of the bulb, a 
very secure fastening is achieved. 
The present lamp is intended in part as a replacement 

for shorter-lived incandescant lamps. In order to per 
form similarly in the same ?xture or optical arrange 
ment, the effective light-center length of the present 
lamp, that is the distance from the end contact of the 
base to the center of the arc tube, may have to be in 
creased to match that of the incandescent lamp which 
it replaces. As shown in FIG. 4, this may be done by in 
terposing an insulating collar 30 between outer bulb 2 

v and base 23. The collar may be of phenolic resin and 
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is threaded internally at 31 to engage the threaded neck 
3 of the bulb, and externally at 32 to engage the 
threaded base. As before, it is desirable to smear the 
threads with cement to assure a secure fastening. By in 
creasing the separation between the hot arc tube and 
the base, the collar also serves to reduce the tempera 
ture of the bridge recti?er components. , 

Referring to FIGS. 50 and 5b, there is shown a variant 
which may be termed a semi-integral base-bridge as 
sembly. In place of discrete glass-encapsulated unit, 
chip recti?ers are used consisting of ?at semi 
conductor plates provided with solder pads on each 
face. The chip recti?ers, D1, D3 and D2, D4 are shown 
in vertically exploded fashion, stacked in pairs above 
the ?at end 40 of base shell 41 on diametrically oppo 
site sides of a central aperture 42. Conductive foils 43, 
44 are interposed between the chip diodes in each 
stacked pair and correspond to conjugate output points 
+j3 and ~j4; insulated conductors 45, 46 are attached 
thereto and pass out through aperture 42. An end plate 
having a raised central portion 47 which serves as an _ 

end contact has shoulder portions 48, 49 seated on and 
soldered to the top face of the upper chip in each stack. 
Capacitors C1, C2, if used, may be disposed above end 
plate 40 in the space to each side of the stacked diode 
chips as shown, or else within the base shell. The entire 
assembly is desirably potted in electrical resin (not 
shown) in similar manner to the construction of FIG. 
3. The stacking of the chip recti?ers between the base 
shell and the end contact achieves high heat-dissipating 
capacity. 
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In FIG. 6, another variant is illustrated which may be 

termed a full-integral bridge-base assembly. The four 
diodes D1 to D4 consisting of semi-conductor chips or 
pellets each containing a rectifying junction are com 
bined into a small solid unit 50 in the nature of an inte 
grated circuit. Unit 50 comprises as substrate a mate 
rial which is thermally conducting but electrically non 
conducting, suitably beryllium oxide. Chip recti?ers 
D1 and D2 are embedded in the top face of the unit, 
‘while D3 and D4 are embedded in the bottom face. The 
diode chips are interconnected into a bridge circuit by 
conductors 51, 52 formed within the beryllium oxide 
and providing output junction points or terminals +j3 
and —j4. Integrated circuit unit 50 is seated on top of 
flat end 40 of base shell 41 so that diodes D3 and D4 
contact the base shell. Junction points +j3 and —j4 
overlie central aperture 42 and have insulated conduc 
tors 45, 46 connected thereto. Diodes D1 and D2 are 
contacted by shoulder portions 48 and 49 of the end 
plate whereof the raised central portion 47 serves as 
end contact. The direct contact of diodes D1, D2 to the 
end contact, and the direct contact of diodes D3, D4 
to the base shell assures good heat dissipation. Heat dis 
sipation is further enhanced by the fact that all the di 
odes are embedded in the thermally heat~conductive 
substrate of unit 50 which is in direct contact with the 
base shell'and end contact. Capacitors C1, C2 if used 
may be chip capacitors and may also be embedded in 
the beryllium oxide. The end of the base may be ?lled 
out and protected by an electrically insulating resin 53. 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
l. A dual envelope internally ballasted arc discharge 

lamp comprising: ' 
an outer vitreous jacket containing an inner arc tube 
and a ballast impedance, . 

a base fastened to said jacket comprising a metal 
shell having an end face and an end contact 
mounted thereabove and insulated therefrom, 

a recti?er bridge located in said base and comprising 
four diodes,v 

two of the diodes having one side connected to the 
end contact and located next thereto for maximum 
heat transfer thereto, 

two of the diodes having one side connected to the 
base shell and located next thereto for maximum 
heat transfer thereto, 

said diodes being paired off with one connected to 
the end contact and one connected to the base 
shell in each pair, and the other side of the diodes 
in said pairs being connected together to provide 
conjugate output points across which said are tube 
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and ballast impedance are connected in series. 
2. A lamp as in claim 1 wherein said diodes are glass 

encapsulated axial lead silicon diodes and the connec 
tions for maximum heat transfer utilize a very short 
lead connected directly to the end contact or to the 
base shell. 

3. A lamp as in claim 1 including at least one capaci 
tor located in said base and connected in parallel with 
one of said diodes. 

4. A lamp as in claim 1 wherein said diodes are chip 
recti?ers whereof one pair is located in contact with 
the end contact and another pair is located in contact 
with the shell of the base. 

5. A lamp as in claim 1 wherein’ said diodes are chip 
recti?ers embedded and interconnected in a unit of 
electrically insulating but thermally conducting sub 
strate, said unit being disposed between the end face 
and the end contact of said base. 

6. A base for an electric lamp 
comprising: 

a metal shell having a substantially ?at end face with 
an aperture therein, 

a metal end contact mounted above said end face and 
insulated therefrom, 

a rectifier bridge in said base comprising four axial 
vlead glass encapsulated diodes, 

two of the diodes depending axially below said end 
contact and being connected thereto with very 
short leads for maximum heat transfer thereto, 

two of the diodes being located transversely in said 
aperture and being connected with very short leads 
to the end face of said base shell for maximum heat 
transfer thereto, 

said diodes being paired off with one connected to 

bridge rectifier and 

the end’ contact and one connected to the base - 
shell in each pair, and the other side of the diodes 
in said paris being connected together to provide 
conjugate output points. 

7. A base including a bridge recti?er as in claim 6 
wherein said diodes are potted in an insulating resin 
serving to hold the end contact spaced and insulated 
from the base shell. 

8. A base including a bridge rectifier as in claim 6 and 
at least one capacitor therein connected across one of 
said diodes. ' 

9. A base including a bridge recti?er as in claim 6 and 
a pair of small capacitors connected across a pair of 
said diodes for a voltage doubling effect at starting, and 
wherein said diodes and capacitors are potted in an in 
sulating resin which serves also to hold the end contact 
spaced and insulated from the base shell. 

* * * * “it 


