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Fine point needies for §ield emission are conventiopally praduced by
electrolytically or chemically etching tungsten wire. Points formed in
this manner have s typical tip radius of about 0.5 wicrons and a cone
angte of some 30 degrees. The construction of needle wmatrix detector
chambers has created a need for tungsten needies uhose specificatians
are: 20 mil tungsten wire, 1.5 inch total 1length, 3 wa-long taper
ires:lting in a cone angle of about 5 degrees), and 25 emicron-radius

point (similar to that found on sewing needles).

In the process described here for producing such needles, tungsten
wire, imaersed in » HadH solution and in the presence of an electrode. i
conneated first to an AC voltage and then to a DC supply. to form a taper

and s point on the end of the wire immerizd in the solution.

The process parwmeterz -escribed here are for needles that will meet
the above wpecifications. Possible varistions will be discussed under

each appropr .ate heading.
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PASE 2
Hatersals

Hire - Heedle points uan be {formed 2Qually nell pn pure and thoriated
tungsteri, except that the quality of the polish on thoriated materis) is
not 88 good as the one obtained on pure tungsten. Both fully annealed ard
hard wire can be useds annenled wire was used in this instance beoause
hard, brittle uire (welding electrodes) can shatter whan electicical
connections are crimped 3nto it. Every attuept should be made o cut Lhe
wire cleanly and perpendiculer tu its sxis, thereby ensuring that the
formed point is centersd; bevels and rapged wdges will te railected in »

poor position and quality of the point.

Solution - 1N HaUN (44 grama of sedium hydraxicde per titer of water)
provides u good compromise befueen the rapid etching rate., and tendency
to form pits, of mors concentruted solutiens, and ihe ynnecessary siouer

cutting rate of wore dilute solutions.

Cleotrode = VTha alsctrode tmmeraed in (b NaDH aslutien consiste of
loop of tungalen wira, 374 inch in dismptar, Yorsad on thy) ang ol a
10-inch length of the saad wire, and bant at a right angle t5  it.
Txperiance has shown 1hat thy taper of the nredle i datechined Yy ihe
shepe of *he electrso field crestsd by the loop elevtraims it s
therefore imparisnt that the loop he s distant as possible from Lhe wire
being processed, and thet the wire supportinp the lecp be insulated Irom
the solution. The leiter (a athieved with a cealing of masking paint, in

this

e P 1001, ] ¢8 by Organoteramp ct  Ianta Anna,
califernia, and availsble at the SLAC Pleting Thap. A relativaly wimple
coating sethod 18 to dip the full tength of the wire suppert inte & tube

contatning the paint, and ollaw ¥t te dry ir air, During the AL
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processing phase, the slectrode im etohed at the same time &8 the wire
and eventually aas to be repiaced whan the laop dacomes detached trom ita
support. Bparss should be prepared ahesd of time, aliowing the masking

paint to dry bafore 1mmersion in tha solution.

Zautemant

Etching snc po)ishing are performed in & glaus cylinder. 25 mm in
disgater and 25¢ om high (Pyrexz culturs tube), filled with 1H HaOH to
sbeut ona ineh from the tops the uniilled partion of the tube helns
sentine the spattering of the stohing rezotion. The elecirode i3 inserted
inty the tube with the lesp as far niny from the top us possible; the
sasking paint 13 stripped euay from the free end of the support wire.
-u'm is then Bant evcr the sdge of the tube to maintain the alsctrode in

The wire en whish c¢he needle s to be formed is held in a olemp
(hauestat or equivalant teald; since the tength of the tapered portion of
tha needle print is de

mined by the deptis to wuhich the wire So
e

1t sust be

asible to move the clamp and wire vertioally with
® prasisien of one thouzandth of en inch. A microacope rack-and-pinion
olide 4aw nelected in wur cuse, aleng with a mechinist’s dial gauge to

indionte the depth of imersion.

Poxar suppliin with ranges of 0-25 VA€ and 0-5 vbOC, snd current

aspsbilitian of no more than 100 ma, nre conneoted to the olaap and the

elactrode wires because the sharpness of the naedie point is determined

by the duratien of the AC etching step, und the degrer of polinh by the

[ [N | -—

PAGE 4
duration of DC polishing step, MNoth power suppliss are plugged inte a
timer with a'resolution of ons gacond end & range of 0-13 minuies, =

Gralab laboratory timer in this instence.

bathed

Hire cut to the desirad laryth is olamped in piace, slouly lousred
until it comes ¢n contuct with the solutien, and then immersed to the
desirad depth. Cxperisnce hss shewn that a tapersd fength of 118 mils
reyuiras an imaersion ot 78 wmiles the ditiarente Datuesn these tue
figuras tekes inte sccount the etching that sseurs at the meniscus fersed
around the wirs. The haight ef this meniscus in determined by the

intansity af the etshing reanctien.

As tha AC voltage im turned en,  gas bubbles bagin te form at the
elaotrcde and ot the wire, eventually parmeating the s:lution & the
reuctien precesds. The abrence of gas svalutien is s indication thet tim
slustrade hes Boen dantrayed and needs te be rapinsvd. Thy denpity of the
bukbies 19 doterained &y the stehing rate, whish in turh depends an
voltage;  the valus of 18 velts eelentad in eur cass provad to b
suffioiently high te Vimit the accemsary stehing tine to 4 mimutes.
Lowsr veltages raduce tiw stching rate mithsut astpnificantiy iniroving
repraducibility, while masking s resctien tims unnacersarily leng)
Nighar veltages {neranss the vislence of the renction without apprecishly
reduaing the time reguired far etshing. At 10 vaits, a ditfgrente o' B
secends 17 stohing tise rasvits in peints whene rasivn is Visldly

diffarent at s magnificetion of 30X,

“
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With the wire connsotad to the pomitive terminal of the supply, and
.
the electrade nagative, the 4€ voltage ia turned on as soon  ap the AC

atahing step has ended. The value of this voltage is the one at wuhich ne
wignificent inorease in current can be detected as the voltage is raised

.
in this instance 3 volts. Polishing is rapid but removes very little

astel} no further improvemsnt in surface finish coutd be observed atter

one minute of processing.

Whan the polishing step has ended, the wire ia mithdeawn from the
solution, rinsed uith water, ang allowed to dry. The needle is then
ready for use. Thg roproduuidbidity of the procesn is estimated to be

f
tve microns in the radius of the point, and about tuo ails in the length
of the tapar.
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