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£571] ABSTRACT

Meaximum capillary discharge ( bore ) length within the distance avail
able between the end mirrocs in a gas laser assembly to thereby obtain
maximum activegain length for the laser, is accomplished by utilizing a
closed ended alumjinum cathode in the glass envelope assemhly, The cath-
ode is arranged to shield a nickel-iron alloy, end plate for the envelope and
is attached directly to this end plate to effect hoth electrical contact by w-
ay of the endlplate and at the same time be properly mechanically support-
ed, The shape of 1he closed end of the cathode is further designed to pravi-
ide for a more uniform current density distribution when the laser is operat-
ng, Further, small openings may be provided to admit jons into the area

adjacent to the discharge capillary tubethereby facilitating initial hreakdown
of the gases in the laser when starting the laser,

gClaims, 4 Drawing Figures
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4,311,969

GAS LASER ASSEMBLY

This invention relates generally to gas lasers and more particularly to

a gas laser assembly providing improved optical and structural features

BACKGROUND OF THE INVENTION

Most gas laser devices such as helium neon type lasers utilize an alu-
minum cold cathode, This cathode is usually of cylindrical shape and long-
itudinally overlaps within a glass envelope the capillary discharge tube,

In somc of the more recent designs, the aluminum cold cathode has been
mounted off a metal end plate closing the cathode end of the surrounding
glass envelope, The mounting can be by springs or flexible leads between
such end plate and the cathode,

The foregoing type designs place certain restrictions on the dimensio-
ping of the components within the glass’ envélope., The end plate for the
glass envelope at the cathode end of the envelope is generally of a nickel-
iron alloy for effecting proper sealing with the glass of the envelope, [Fu-
rther, the coefficients of thermal expansion of this alloy and glass can
be made essentially the same so that proper sealing will be maintained o -
ver wide temperature variations, On the other hand, the preserce of a ni-

ckel-iron alloy end plate at the cathode ead of the‘envelofxé can result
in electron emission from the end plate itself because of the praximity of
the cathode electrode, Such emission is very undesirable since the nickel
iron alloy has the property of sputtering at very low current densities and
thus the useful life of the laser tube is drastically reduced,

The foregoing problem can be solved by physically positioning the alu-
minum cathode itself sufficiently far from the end plate to insure that lit—
tle or no electron emission occurs from the end plate surface but that all
emission takes place from the inside surface of the aluminum cathode, Such
positioning of the cathode, however, prevents full utilization of the space
in the envelope body between the end mirrors defining the resonant cavity,

As a consequence, maximum active gain length is not utilized,



BRIEF DESCRIPTION OF THE PRESENT
INVENTION

With the foregoing considerations in mind, the present invention cont-
emplates a greatly improved gas laser assembly wherein the aluminum cold
cathode and other components arc so designed as to realize maximum acti-
ve gain length or maximum capillary discharge { bore ) length within the
distance available between the c¢nd mirror, A morc efficient gas laser thus
resylts,

Lssentially, the invention includes mcans for providing a closed volune
such as an clongated enclosing cnvelope having anode and cathode end por-~
tions together with an elongated capillary discharge tube in the envelope
having a first end portion positioned at the anode end portion of the envelope and
an exlending second end terminating in an opening short of the farend of the
cathodeend portion of the envelope, An anode clectrode is supplied at the anode
end of the envelope in communication with the first end of the capillary
discharge tube, A nickel-iron alloy end plate is provided for closing off
the cathode end portion of the envelope and this plate is designed with a
cetitral axially evtending neck section defining a central opening, A cylin-
drically shaped aluminum cold cathode is provided opening out at a first
end and having a shapedstructure closing off a major portion of its second
end This shaped structure has an extending cylindrical snout receivable w—,
ithin the central opening of the end plate neck section so that the cathode
is positioned and ‘supporied in the envelope by the end plate, The construc-
tion also provides for a reliable electrical connection betweed the cathode
and end plate, The cathode coaxially receives in its first open end the ca-
pillary tube, the second open end of the capillary tube heing axially spaced
from the interior of the shaped cnd of the cathode by a given distance at
least as great as the radial distance between the open end and the inner c-
Ylindrical wall of the cathode to thereby protect the end plate from the dis-
charge action at this second open end of the capillary tube, Thus, the sha-
ped structure closing off the end of the cathode scrves to shicld the end
plate so that the one end of the cathoade can be disposcd essentially again-
st this end plate and thereby permit maximum length for the capillary tu—
be without risking current emission from the end plate itself,



The assembly is completed by appropriate end mirrors on opposite en-
ds of the envelope normal lo the axis of the capillary tube to define aa

optical cavity for the laser,

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of this invention as well as further features and
advantages thereof will be had by now referring to the accompanying draw-
ings in whichy

FIG, 1is an exploded perspective view of the basic components making
up the gas laser assembly of this invention,

FIG, 21is a longitudinal cross section of the various components of [IG
1 after they have been assembled togethery

FIG, 3 is a transverse cross section looking in the direction of the arr-
ow 3—3 of FIG, 2, and

FIG, 4 is another transverse cross section looking in the direction of

the arrow 4—4 of FI1G, 2,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring first to FIG, 1, the gas tube assembly inciudes an elongated
enclosing envelope 10 having anode and cathode end portions 11 and 12, An
clongated capillary discharge tube 13, in turn, is provided in the envelope
and has a first end 14 which in the embodiment disclosed constitutes an in-
tegral portion of the anode end of the envelope 10, The second end of the
capiliary discharge tube 13 lerminates in an opening 15 short of the far end
12 of the cathode end portion of the envelope 10 as shown, An anode elec—
trode 16 is provided at the first anode end portion of the envelope 10, this
anode being in communication with the first end portion 14 of the capillary
discharge tube 13,

The second end 12 of the elongated envelope 10 is arranged to be closed
oif by an end plate illustrated at 17, In accord with a feature of this inve-
nvion, end plate 17 includes an axiaily extending neck section 18 defining
a centra! opening 19,

Cooperating with the end plate 17 is a cylindrically shaped cold catho-



de 20 made of aluminum opening vut at a first end 21 and having a shaped

structure 22 closing off a major portion of its second end, The shaped str-
ucture 22 is preferably dome shapcd and inciudes an extending eylindrical

snout 23, Snout 23 is arranged to be coaxially received within the central

opening 19 of the neck section 18 on cnd plate 17 when the same arc asse-
mbled,

The major components of the gas laser shown in FIG, 1 are completed
by the provision of end mirrors 24 and 25 norinal to the axis of the capilla—
ry discharge tube 13 serving to define an optical resonant cavity for the
laser, In the particular embodiment illustrated in FIG, 1, exhausting of air
from the assembled components is accomplished through an appropriate ex—
haust port 26 and exhaust tube 27 in the end plate 17, although cxhausting
of the air could take place elsewhere,

In the preferred embociiment of the invention as illustrated in FIG, 1,
the dome shaped structure 22 defining the closed second end portion of the
cathode 20 is provided with a plurality of small openings 28 for permitting
ions to drift into this end portion of the cathode adjacent to the opening 15
of the capillary discharge tube 13 when the parts are assembled,

Referring now to FIG, 2, the assembled relationshkip of the components
deseribed in FIG, 1 will be evident, The coaxial relationship of the snout
23 for the cathode 20 within the extended neck portion 18 of the end plate
17 will bé clear, P"urther, it will he noted that the capillary discharge tube
13 is further supported intermediate its ends by an appropriate spider stru—
cture 29 engaging the first end portion 21 of the cathode 20, the interior
wall of the envelope 10 and the exterior portion of the discharge tube where
it enters the first end opening 21 of the cathode, These engagements by the
spider support the discharge tube and the cathode in coaxjal relationship
with each other and with the axis of the cylindrical envelope 10,

The spider 29 cooperates wilh the nesting of the snout 23 in the neck
section 18 of the end plate in supporting the cathode 20, In this respect,
and in the specific embodiment disclosed, the axial length of the snout 23
is greater than the axial lengih of the opening 19 in the neck section 18 so
that the end of the snout can he peence over the neck seetion as at 30 to
provide for & more reliable axjal supporting of the second end of the cath—
ode as well as providing for o reliable electrical connegction of the cathode
to the end plate,

In the particular embodiment shown in FIG, 2, there is provided a Br-
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ewster window in the anode cnd of the envelope as shown at 31,

Referring back to the cathode end of the envelope, it will be evident
that the preferred dome shaped structure is essentially hemispherical with
a center corresponding approximately to the position of the sccond end 15
of the capillary discharge tube 13, The arrangement is such that interior
parts of the structure closing the end of the cathode are at approximately
equal radial distances from the end 15 to thereby provide for 2 substantia-
Ily uniform current density on the surface of the cathode, Further, it will
be noted that the second open end 15 of the capillary tube is axially spaced
from the interior of the end plate 17 by a distance D at least as great as
the radial distance R between the open end 15 and the inner cylindrical w-
all of the cathode 20, This dimensioning essentially assures thal the end
plate is protected from discharge action at the second open end of the dise--
harge supporting tube,

With respect to the foregoing, it will be recalled that any electron em—
ission from the end plate is undesirable as sputtering can result and the ov—
erall life of the laser tube be greatly shortened, The provision of the closed
end portion for the cathode scrves as a shield for this end plate and moreo-
ver, the provision of the snout on the cathode cxtending into the opening in
the end plate and actually pecning about the periphery of this opening at
the exit end provides further protection,

F1G 3 illustrates the spider structure 29 in better detail wherein there
are provided a plurality of radial arms with finger portions for holding the
open end of the cathode and the exterior portion of the capillary discharge
tube in proper coaxial relationship relative to the interior cylindrical wall
of the envelope 10,

FIG, ¢ illustrates the various openings 28 wherein four such openings
are provided in the shaped end portion 22 of the cathode, The provision
of the plurality of small holes 28 is to provide in the use of the use of the
teachings of U, S, Pat, No, 3,792,372, a short path fof ions to drift into
the area adjacent to the discharge open end 15 of the capillary discharge
tube 13, Thus, it is easier to start the laser with these ions present as it
reduces the required voirage to effect a reliable breakdown, In the absence
of the plurality of openings 28, ions would have to traverse into the open
end 21 of the cathode passed the spider 29 to reach the vicinity of the op-
ening 15 in the capillary discharge tube and this longer path would great-

ly reduce the number of ions reaching the desired region, Starting would



