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Fine point needle? for field emission are conventionally produced by 

eleetrolytically or chemically etching tungsten Mire. Points 'ormed in 

this manner have • typical tip radius of about 0.5 microns and a cone 

angle of some 30 degrees. The construction of needle Matrix detector 

chambers has created a need for tungsten needles uhose specifications 

arei 20 mil tungsten wire, 1.5 inch total length. 3 mm-long taper 

(resulting In a cone angle of about 5 degrees), and 25 micron-radius 

point (similar to that found on selling needles). 

In the process described here for producing such needles, tungsten 

wire, immersed in a HaOH solution and in the presence of an electrode, la 

connected first to an AC voltage and then to a DC supply, to form a taper 

and a point on the end of thv Hire lamer; 3d in the solution. 

The process parameters described here are for needles that will meet 

the above speoificatlona. Possible varistiona Hill be discuased under 

each appropr,ata heading. 

• Mors supported by the Oepartornt of Energy, contract OE-AC03-76SF00515. 
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Uire - Heedle points nan be formed equally well en pure and thoriated 

tungsten, except that the quality of the polish on thoriated material is 

not as good as the one obtained on pure tungsten. Both fully annealed erd 

hard wire can be usedi annealed Mire uaa used fn this instance bectuse 

hard, brittle uire (welding electrodes) can sMtter nh%"J electrical 

connections are crimped snto ft. Every att*«*t should be made ta cut the 

wire cleanly and perpendicular to Its axis* thereby ensuring that the 

formed point is centered! btvela and ragged tdgea ufII tt reflected 1n a 

poor position and quality of the point. 

Solution - IN NaDH 144 grams ef sodium hydfexMe per liter af niter} 

provide* a good compromise between the rapid etching rata* and tendency 

to form pits, of mora concentrated solutions, and the vnntctstsry slower 

cutting rate of more dilute aetutions. 

Electrode - The electrode tsmwrae* in the HaDH asluMmn consists ef a 

loop of tungsten wire. 3/4 inch in diameter* farvtd «n th# *np cf a 

10-inch length of the same wire, and bent at a right «niU U it. 

experience has shsan that tht taper of the needle is determined by the 

shape nf *h* electric liald created by the taep alectrada* ft »» 

therefor* important thai the loop he as distant is possible from the virv 

beini processed, and that the Mir* supporting the l*op be insulated Ira* 

the solution. The latter ta *chi*»*1 with a cestui ef misfcing pilnt. In 

thia case • Dascoat I0CU •enufaelured by Or|kn*ctra*» ct Santa Anna, 

California and avalIat Ie at the SLAC Plating She*. A relatively ainpl* 

costing method is to dip the full length *f the vfr* supper* <nte a tuba 

containing the palntt *nd all*M it t* dry 1r. air, Qur<ltig the AC 

•mwiimo* tt ^.3 iftMwwT is xrn^m 
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processing phaat, th* electrode la etched at the awe tiae is tha Hire 

and eventually ftas to ba replaced uhen tha loop beeoaes detached froa Its 

support. Spares ahould be prepared ahead of tlae, allowing tha aasklng 

paint to dry bafora laaeraion In tha solution. 

IfJliMAfil 

Etching and polishing ara perforaad In a glass cylinder, 25 M In 

dlaaoter and 25» a* high (Pyres eultura tube), Ullid ulth in HaOH to 

abaut -ina Inch froa tha topi tha unfilled portion of the tuba holpa 

aanllna tha spattaring of tha etoning reaction. Tha electrode Is Insartad 

Intw thr tuba tilth tha laap as fsr auay froa tha top as possible! tha 

aeefting paint la strlppad way fraa tha fraa and of th» aupport Hlro. 

uMeh 1a than bant awor tha edge af tha tuba to aafntafn tha electrode In 

piaaa. 

Tha Hlra an Hhlah the naadla 1a te ba formed is hald In a el tap 

(heaeotet ar equivalent taaUi sines tha langth of tha taparad portion of 

tha ntadla paint 1s dettralned by tha dept;. to which tha ulrt is 

IsswrsaVt It suat be paaatbla to novo tha elaap and Hlra vertically tilth 

a praslslan af ona thousandth of an Inch, A ateroseopo raek-and-plnien 

•llda »as lalaotad in «'ir cast, along tilth a atchintst's dial gtuga to 

Indicate tha dapth af laaeralen. 

Power auppltto with rangss of 0-25 VAC and 0-5 VDC» and current 

aapabllltlas *f na acre than TOO aa» *rs eennsotod to tha clasp and tha 

alaotroda ulrei became tha sharpnait of tha naadla paint ta tieteratntd 

fey tha duration of tha AC atoning attp, m d tha degree of polish by tha 
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duration of DC pollening step* hath power supplies ara plugge* *nte * 

t l a e r with a resolution of ona ocond and * ranga af s - i t Minutes* • 

Sralab laboratory t laer In th is instance. 

nethod 

Hlra out to tha deslrad langth la oleaped In plMtf slowly I snared 

until It C O M I in contest uith tha solution* ana1 than laaerssd ta the 

dealrad dapth. Ciperienee has shown that a tapered length af ill alia 

requires an 1aa«rsion at 7b alts* the difference eetween these taw 

figures takes into account tha etching that secure at the nwniatua feraed 

around tha Hire. Tha height el thla aaniaeue in detersiined by the 

Intensity ef the etahing reaatlon. 

As the AC voltage Is turned en. gas bubalea begin te fera at the 

elaotrcde and at the Hire, eventually permeating tha sslwtie* a* the 

recotien prooaado. The abrence of gas evolution la e*> indication that the 

elaatrade has been daatreyed and neede te be replaced. The density of the 

bubbles Is dottrained by tht ttohlng rata* nhteh in turn depowda a* 

valtagai the value af It valta aaleetad in our ease proved to be 

aufflelently high te Halt tha nteesssry etching til* te 4 aim*tea. 

leuer voltages reduce tire etching rate Hltheut significantly 1a*>reving 

rspraduelblHty* vhlla aaking ttia reaction tiae unnectPS»rMy longi 

hlghar valtagas Inert act tha violence of tha reaettan without aaprpcloelw 

reducing the tlat rewired for etching. At II velta. a difference af M 

aacands 1i etahing tiao result* In paints Hhase radius is vialaly 

different at a aagnlfleatlan of 3M. 
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Ulth th. ulr . oonntotod to tht po.fttv. t . r . in . l of , „ , supply. ,„d 

the . l .otrad. n.j .ttva, th. M volt .g . I . turn.d o n „ .„„„ „ ^ „ 

.t.h.n, .top h» .nd.d. Th. . . ) . . „, , „ , . , „ „ „ . „ t h . Q M l t u M e h ^ 
• l l n l t i c n t inor.aa. <„ curr.nt can b. d.t.ot.d • • th . voltage la raia.d. 

I n t M . In.tano. J»ol ta . Poli .htn, I . rapid but r . . o , . . ».ru l i t t l . 

. . ( . I I no furth.r t W r . y . « „ t In , u r f . o . f i „ i . h c o l l l d , , , „ „ , „ „ . , , , , , , . 

•>nt alnut* af processing. 

Uh.n the- poUahin, , t .p h . . , „ d l d . , „ , „ , „ „ „ „ „ „ , „ „ f r „ , h , 

. . lutton. „ „ . . . . i th . . t . r . and . l lou.d t . dry. Th. n . .d l . i , t„,„ 

r . . d . . . r u . . . Th.rsproduoibillt, . . th. p r , o . „ 1. . . t i „ . , , d ,„ b . 

f l v . . ioren. in th. r.diu. .< th. point. an* , | , o u t t „ a „ , ,„ , „ , , , „ , , „ 

of th. tapir. 
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