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MORPHOLOGY OF SILICON WHISKERS GROWN BY THE VLS-TECHNIQUE

F. I. GIVARGIZOV and N. N. SHEFTAL’

Institute of Crystallography,U.S.S.R.Acadeinyof Sciences,Moscow,U.S.S.R.

Themorphologyof silicon whiskersgrownby theVLS-technique in the (iTO> directionswas determined.Influence of thechloride
was investigated.The role of liquid-forming impurities (gold, concentrationin gasmixtureon the whisker form was revealed.
gallium or indium) was noted.Habitusof silicon whiskersgrown Morphology of the compositewhiskerswas studied.

1. Introduction the influenceof surfacetension,brokeup into separate
globules.Theseglobulesthenservedasthe “seeds”for

Wagnerand Ellis’ 2) havereported a new method whiskers growth. Whisker growth commencedwhen
for growing crystals, the vapor—liquid—solid (VLS) mixturesof silicon tetrachlorideandpurified hydrogen
process.They showed that crystalline whiskerscould at 900—1050 °Cwere introducedinto the system. In
begeneratedfrom liquid alloy droplets,with the drop- someexperiments,the silicon whiskerswereusedas a
lets locally formedon a crystallinesubstrateandcorn- basefor growthof whiskersof othermaterials(suchas
prised of the substratematerialplus a suitableimpuri- lanthanum hexaboride or germanium). Lanthanum
ty. Growth proceededthroughaddition of materialto hexaboride was grown at 1050—1100 °C by vapor
the droplet from a source-ladengas.Furtherwork on chemicaltransportfrom a LaB6-sourcewith hydrogen
the VLS processhas been describedby James and chloride.Germaniumwhiskerswere grown at 750—850
Lewis

3), Filby et al.4),andWagneret al.’9). °Cfrom a mixture of germanium tetrachloride and
In this paper we describefurther experimentsper- hydrogen.

formed with the aim of correlatingmorphology with The resulting whiskers were initially examinedby
crystallization conditions for silicon and composite optical microscopy.All of the specimenswere further
whiskers, examinedwith a scanningelectronmicroscopeusing

the surfacetopographymode of operation.Some of
2. Experimental technique the specimenswerealso examinedwith a speciallight-

Silicon (111)-orientationwafers,0.8 mmthick, were figuregoniometer.
mechanicallypolishedandthenetched in HF/HNO

3/
H20 solution to remove0.05mmof silicon. A layerof 3. Resultsand discussion
gold, gallium or indium 500—1000 A thick was then Scanning electron micrographs of the as-grown
depositedat iO~torr over the entire surfaceof the whiskeisare shownin figs. 1 to 6.
wafers. 1) A silicon whisker grown in the Elli] direction at

Thesewaferswereplaced in a vertical reductioncell 1000 °C,with gold as the liquid-forming agent, is
of a silicon deposition apparatusdescribed else- shownin fig. 1. Note thatnearthe tip, the six principal
where

10) For this work, the apparatuswas modified lateral faces{211} are blunted by six {l 10) faces. As
so that the induction heatingwas essentiallyconfined growth proceeds,however, the 12 sided region left
to the growingsurfaceof thecrystal. The waferswere behind by the growing tip evolves into a six sided
then heatedto bring aboutalloyingofthe metallic film structureof {2l I } facesonly. This condition arises
with the substratewhere upon the liquid alloy, under from lateral growth by direct vapor to solid (VS) de-

III.D.3
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Fig. I. Silicon ~~hiskergrown in the [Ill] direction by means Fig. 3. Silicon whiskersgrown by meansof gallium as liquid-
of gold as liquid-forming agent. forming agent.

position. The changein morphologyof the side faces ker, there is also a whisker with a [110] direction.
of <ill> whiskershasbeenreportedanddescribedby Combinedinvestigationof thesecrystals by meansof

Wagner8).Evidently, at this growth temperature,the the scanningelectronmicroscopeand the light-figure

six-fold whisker is energeticallymore favorable than goniorneteralloweddeterminationof thecrystalhabit
the twelve-sidedwhisker. of the inclined whiskerasan 8-fold prism, with 4 faces

2) In fig. 2, in addition to the [111] directionwhis- of this prism being {lll} planesand theother4 faces

_ & 11
Fig. 2. Habitus of silicon whiskcrs grown in [Ill] and [ITO] Fig. 4. Diametercontractionof silicon ~hiskers due to sharp

directions, increasingof chlorideconcentrationin gasmixture.
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being {3l 1) planes.All of theseplanes are principal as the liquid-formingimpurity, is the baseof the corn-
planesof the diamondlattice’1), positewhiskerandits apexis a lanthanumhexaboride

3) Comparisonof the morphologiesof silicon wliis- whisker. It shouldbe notedthatbothlanthaniumhexa-
kers grown with gold, gallium or indium as liquid- boride and silicon crystallize in the cubic lattice. At
forming impuritieswascarriedout.Galliumandindium the heterojunction,the number of lateral faces in-
provide practically similar results,these results being creasesfrom 6 to 12, due probablyto the factthat the

quite different from thosewith gold. Fig. 3, showing surface tension of the lanthanum hexaboride—gold
whiskersgrown with gallium in isothermalconditions, alloy is higherthanthat of the silicon—goldalloy. From
illustrates the conic or pyramidal form typical of the figure it is clear that the lanthanumhexaboride
specimensgrown with this agent.This contrastswith whisker growsepitaxially on the silicon whisker.
the results using gold which reveal a cylindrical or Whena germaniumwhiskerwasgrown on a silicon
prismaticform. Theconicform associatedwith gallium whisker base (fig. 6), the transition from the faceted
arisesfrom the largedistribution coefficientof gallium silicon whiskerto the roundedgermaniumwhiskerwas
in silicon and from gallium removal from the liquid observed.We believethis phenomenonis attributable
drop by gaseousreactionproducts. to the high surfacetension of germanium—goldalloy

4) During thegrowthof thewhiskersshownin fig. 4, at the crystallization temperaturesof germanium
theconcentrationof the chloridein the gasmixturehad (750—850°C).
beenabruptly increased(to approximatelythreetimes
the preceedingvalue). The clearly observableresult 4. Conclusion
was a contractionin the whisker diameterdue most The morphologyof silicon whiskers grown by the
probablyto the changein surfacetensionof the drop VLS-techniquewas investigated.The role of liquid-
in the enrichedchloride ambient.This phenomenon forming impurities(gold,gallium or indium)wasnoted.
thereby permits some control over the form of the Habitusof silicon whiskersgrown in the <ITO> direc-
whiskerduringgrowthin isothermalconditions. tionswasdetermined.Influenceof thechlorideconcen-

5) A compositewhiskeris shownin fig. 5. A silicon trationingasmixtureon thewhiskerform wasrevealed.
whiskergrown on a (ill) silicon substrate,with gold Morphology of the compositewhiskerswas studied.

Fig. 5. Compositewhisker “silicon -lanthanum hexaborkle” Fig. 6. Composite v~hiskcrs “silicon germanium” on (Ill
on (lii) silicon substrate, silicon substrate.
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