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There 1s a growlng lnterest in llquld metal ion sources to obtain fine beams

with a hlgh brlghtness and to appfy for 1on beam l-ithography, dlrect doping and

lon m1111ng, and microprobe analysis. Ga 1on sources are stable and may be

lmportant for ion beam lithography. B and Sb 1on sources are important not only

for lon beam lithography but al-so for dlrecb doplng and other applicatlons.

We have first succeeded in fabricating B, As and Si ion sources using Ilquld

metal alloys, and the present work is the extension of our previous works. We

achleved a significant lmprovement 1n the B sources and succeed in fabricating a

stable n-type dopant (Sb) ion source.

The enitter tip was made of tungsten wlre for B and Si sources or nlckel

wire for Sb sources with a dlameter of 300 pm and spot-welded to tungsten heater.

The emitter temperature was set slightly above the melting point (-B00oC for the

B a1loys and -300oC for Sb alloys). Alloys used were B-PI-NI for B source, Sb-Pb-

Au for Sb sources and Au-Si for Si sources.

Trrninql arrnpgnf-vOltage CharaCterlStlCS for the Sb aIIOy iOn sOurCeS 1s

shown 1n F1g.1. The angular current lntenslty was -BO UAlsr at the extraction
voJ-tage of -5.2 kV.

F1g. 2 shows mass spectra for the Sb alloy sources measured after l.! (a) and

7 hours (b) of a contlnuous operation. It is clear that the Sb sources can be

operated for more than 7 hours without slgnificant change 1n mass spectra.

The observed fraction of various ion fl-ux intensity for the B and the Sb

sources is summarized ln Tab. t. The ion flux intensity ln the table ls reduced

to the slngly-charged ion, i.e., the fractlons of a doubly-charged ion flux and a

dl-atomic molecular ion flux are half and twlce of the observed 1on current

lntenslty, respectlvely. For the B sources, singly-charged 11B ion was dominant

and 33 /, of t|re total ion fl-ux. This ts a slgnlficant lmprovement over our

prevlous ion source. The B sources were stable for more than 10 hours.

Total energy dlstribution of the ion beams for B a11oy and Sb a1loy

were also measured. It was observed that the energy wldth varled wlth aP

square root of the total ion current (I"). The angular current lntensity
singly charged ^*B and Sb was 33 UA,/sr and 1,4 pA,/sr, respectlvely, aE a

energy spread (FWHM) of 20 eV. For B, these values are comparable with a

11quid metaf ion source. We can expect that for singly-charged B and Sb,

sources
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energy spread ls srnall-er than the total energy spread because of the smaller e,/m

ratlo among other i-on species.

In summarv: w€ fabricated stable B and Sb liquid metal ion sources which Is
lmportant for submlcron fabri-cati-on. The 1on lntensity of B 1s signiflcant. The

Sb source is very promising for a?'n-type dopant 1on. we expect to lncrease the
Sb lon current by optlmizing the alloy composltlon.
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Flg. 1 Typical curuent-
voltage characteristlcs
of a Sb a1loy source.
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spectra of j_on beams for a Sb(a) after 3.5 anO (b) / hours.
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Source materlal
:omposition (at. %) ln flux fractlon
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sb+   sb2+   sb2+

6.8  o.9   7.3

Au2 +Pb2   Au3 +Pb3

3.7      3。 1

+   Sb32+   sb54+   Au++Pbtt   Au2++FD2+

0。 7    2.4     49。 7      8。 4

AuSb・■ttSb+ AuSb2+島 Sb2

5.7            5.8
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■OB■   ■lB+

8。 1    33.0

Ni+   Ni2+

■o.6   4.8

Tab.l A11oy and lon current composltlons for Sb
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and B alloy sources.


