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This invention relates to so-calleq dry rectifiers

and more barticularly to selenium rectifiers and -
to methods of improving the rectification ratio of -

such rectifiers, .

Selenium rectifier units may be made by ap-
plying g relatively ‘thin layer of selenium’ to g
suitable backing member. Discs of nickel, nicke]-
iron duplex, i. €., & layer each of nickel and iron
rolled together, or some other materia] that will
‘not -react unfavorably with the selenium may be
used _for. the backing member or electrode. The

surface. This may be done by placing the elec.
trode disc on a hot Plate, applying the selenium
bowder and raising the temperature of the disc
to about 300° C. When the selenium ig melted,
it is spread evenly over the surface of the dise.

plication of suitable heat treatment. = The usual
method -of performing the heat treatment is

ivided into two stages. The first stage com-
brises heating the unit to about 110° ¢, while
‘under mechanica] pressure. At this temperature

means, for example, g suitably calibrateq spring
may be employed, During this stage the selenium
is partly converted to the Crystalline state ang
its resistance is reduced appreciably. =
The second stage of heat treatment is ‘per-

formed at g temperature slightly below the melt- .

ing point (218° C.) of the selenium, e, g., be-
tween 210 and 217° C. After the heat trea.tment
the surface of the Selenium may be treated by

able fluid. This treatment is to improve the

rectifier junction characteristic, bug may in some
cases be omitted. The rectifler unit may then

be structuraliy completed by applying contack
to the surface of the selenium, This may be done
by pressing a gise or washer of so-f_t metal against

Although at this stage the reetifier units have

10 2 higher resistance in one direction than in the
other, the high Tesistance may be markedly in-’
creased by “forming.” This “forming” ig accome-
plished by bassing curreng through the unitg in
the high Tesistance or reverse direction. The
16 “forming” current should be limited in order tc
avold “burning out” of the unit. As the reverse
resistance gradually increaseg during the form-
ing, the voltage may he increased up o about
20 to 24 volts ber unif. The term “forming” as
20 used in this Specification and the appended claims

26 sistance. This ig believed to be in accordance

& unit having 3 relatively good ratio of reverse
30 to forward resistance.

. An objeet of this invention is to increase the
reverse resistance of g selenium rectifier unit
without appreciably affecting the forward resist-
ance to thereby increase the rectification ratio,

35 Another object of the invention is to make
selenium rectifiey units more stable, that is, pre-
vent appreciable variation of their resistance
characteristics after completion,

A Teature of this invention resides in Subject-

40 ing the formed Tectifier units to an additiona]
heat treatment at from 70 to 100° C. for from
1 to 5 hours and then reforming the units,

The invention and the foregoing and other ob-
jects and features thereof will be more clearly

45 ang fully understood from the following descrip-

50  After the selenium rectifier units are made

heated at from 7¢ to 100° C. for from l1ts
55 hours.  This may be done by distributing 2 plu-
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rality of units on o suitable carrier such as & Although this invention has been disclosed by
metal plate and inserting them in an oven, means of illustrative embodiments thereof, it is
which has been brought up to the required tem- not intended that it be limited thereby, but by

perature. The temperature is maintained at the the scope of the appended claims only.

value chosen, for the whole time of treatment 8 What is claimed ist

and then the units are removed and allowed to. 1. The method of making 8 selenium rectifier

. cool. Since the, effect of this treatment appears - unit with a high reverse resistance and large
to be a function of both.time and temperature, - rectification ratio that comprises applying

g general rule is that a longer time is employed amorphous selenium to & suitable electrode, heat

for the lower temperatures and a shorter time 16 treating to convert the amorphous selenium to

for the higher temperatures. Improvement,  crystalline sefenium, providing the unit with an
that is, increased, in the reverse resistance may . outer contact, forming .the unit by application
be obtained over the whole of the given tem-  thereto of a voltage in the reverse direction, then

perature range for time periods up to and i ° further heat treating the unit at & temperature
cluding 5 hours. At the higher temperatures, 15 of from 70 to 100° C. for & period of from 105
i e, 95° C. and above, if the time is extended  hours, and then reforming the unit by further
beyond about' 3 hours, the forward resistance application thereto of & voltage in the reverse
may increase S0 much that there is no net im- direction. .
provement in rectification ratio. in the fem- 2. The method of making a selenium rectifier
perature range from 75 to 85° C., the increasé' 20 unit having a high reverse resistance and large -
in forward resistance is relatively slight and ° rectification ratio, that comprises appiying
this coupled with a considerable increase in re-  amorphous selenjui t0 & suitable electroue, hess
verge . resistance gives an -improved rectification treating to convert the amorphous setenium Yo -
ratio. For ‘these loweT temperatures the im- crystalline selenium, providing the unit with an
 provement is greater i the tIne % extended 23 outer .contact, forming the unit by application
beyond 3 hours up to and including 5 hours. A thereto of a voltage in the reverse direction, then
fyll'6-hour treatment &t #5° C. ‘appears fo have further heat trenting the unit ot » temperaturs
practically no effect on the  forward. resistance of from 80 to g5° C. for & period of from 1.t0:3
while increasing the reverse resistance cconsid- hours, and then reforming the unit py further ap-
erably. A% temperatures above about. g5° C. 30 plication thereto of a voltage in the reverse direc-
care -must -be taken to avoid reaction between  tion. -
the gefenium and the front contadt. - This i8 3. The method of making & selenium rectifier.
particulerly true where the front contact is an  unit having & high reverse Tesistance and 1ares
adherent coating of low melting point metal of rectification ratio that comprises applying amors -
alloy. For example, with a tin-bismuth-cad- 33 phous selenium to a suitabie clectrode, heat treab-
miwh alloy, adherent contact, ‘which melts at ing to convert the amorphous selenium 10
about 102° C., the treal jent could be ‘carried crystalline selenium, providing the unit with &1
up to 100° C. without melting the contact but outer contact, forming the unit by application
there is danget of reaction between the contact ‘thereto of a voltage in. the reverse direction, then
alloy and the seleniurm when the melting point 40 further heat treating the unit ab & temperature of

is approached. ‘about 75° C. for a period of about 5 hours pod
After this additional heat treatment, the rec- then reforming the unjt by further ‘application
tifter units are again subjected to the electrical  thereto of a voltage in the reverse direction.
formihig treatment, by passing .girrent through 4. The method of improving the rectification

theém ‘i the reverse direction at controlled volt- 45 patio of selenium rectifier units by increasing the
ages. A reformit! for. about-20 minutes at about reverse resistance thereof withoub appreciably
20 volfcs ih the :’e‘Y'e‘pSe direction has been found changing the forward resistance, that comprises
to give ‘sa%iétactbﬁ results. o . subjecting\'completely formed rectifier units 10 &
As an example of the ‘results - obtanable DY temperatute of from 70 to 100° C. for & period of
this method, & treatment at from 90 to 95° C. for 50 from 1 to 5 hours, and then reforming ihe units.

1% houts followed by reforming at sbout 20 by further application therebo of & voltage in the
vyolts increased the yeetification Tatio in the or- reverse direction, the time period within the. -
der ‘of 90 per cent with & reduction of less than dicated range being short for the higher tempera~
10 per cent in the value of forward cutrent.  tures and long for the lower temperatures.

Treatment ‘at 175° €, for about 5 hours with.a 55 5. Tte method of making & selenium rectifier
subsequent 20-volt ‘reforning increased the rec- unit ‘with & high reverse resistance and large
tification ‘ratio by about 70 'per cent with no rectiftcation ratio that comprises anplying amor-
noticeable reduction in~Torward -current. It s phous selenitim to & suitable etectrode, heat treat~

thus seen that this ‘process may be performed  ingto convert the amorphous gelenium to crysted-

to produce a very large therense m rectification 60 line selenium, providing the unit with an’euter

ratfo with very little loss 4n forward current Or contact, forming the unit by &pplication thereto

a somewhat smailer bub nevertheless marked in- of a voltage in the reverse directton, then ful-

crease in’ rectification ratlo with no loss of for-  ther heat treating the unit &b approximately 99°.

ward current. : : : C. for & period of about 134 hours, and then re-
- addition to ‘the-effect onthe absolute values 63 forming the unit by passing current therethrough

of the forward and reverse resistances, it has  in the reverse direction under a pressure of-sbout

been found ‘that seletitium rectifiers given & heat 20 volts for abeut 20 ‘minutes. :

treatment and then reformed in accordsnce with

this invention are more stable than units pre= WILLIAM C. ELLIS.

pared in the ordinary manner, " That is, there 70 ALEXANDER G. SOUDEN.

appears to be less drift with ‘time for both for- .

ward and reverse characteristics.



