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Objective

Theobjectiveof thiswork wasto characterizethe microstructureof the following

copperfilms from Silvex usingSEM.

1 Cu-SI-i Cu plated,100j.un,heattreatedto 260°Cfor 1 hour

2 Cu-SI-2 Cu plated,100pm,heattreatedto 190°Cfor 2 hours

3 CuG-SI-1 Cu plated, 100pm,Au 2pm, heattreatedto 190°Cfor 2 hours

Results

Thethreesampleswere characterizedby SEM andX-ray diftiaction method.The

resultsare shownas below:

1. SEM Morphology

Figure 1-a,b andc showthe freesurfacemorphologyofthe threesamples.As can be

seenfrom thesephotos,the cloud structureswere observedon the film surfaces.

However,thesecloudsdo notexactlyshowthe grain size of copperor gold flints. In fact,

it showsthe surfaceroughnesscausedby the columnarstructureduring film growth. This

canbe seenveryclearly from figure 4-a, a crosssectionof sampleCuG-SI-2.The surface

roughnessof this sampleis exactlythe sameaswe haveseenfrom the free surfaceof the

films.

We were unableto evaluatethe grainsizeof the Cu-SI-I andCu-SI-2 samplesfrom

figure 1-aandb. However,the grain sizeofthe CuG-SI-1 was evaluatedandthe SEM

photographof this sampleis shownin figure 1-c. Thelarge cloudsof gold film

conespondsto the surfaceroughnessof copperfilm. Theaveragegrain sizeasdefined

from the grainsof the gold layerwithin the cloudswas3j.un.
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Sincetheactualgrain size andtheporosityof copperfilms couldnot be observedfrom

free surface,we hadto look at thecrosssectionof thefilms andunderstandthegrain size

changedue to differentheattreatments.

Figure2-ashowsthe crosssectionof Cu-SI-I samplewhich washeattreatedat260°C

for 1 hour. Thegrain growthis moresignificantcloseto the surfaceandshowsno

preferredorientation.The averagegrain size of theserandomorientedgrainsis

approximately7pmandtheyaredenseasshow on figure 2-b. On theotherhand, the

grainsnearthe stainlesssteelsubstrateshowapreferredorientationalongthe film growth

direction. It is obviousthat theporeconcentrationnearthe stainlesssteel-copperinterface

is higherthan thatof randomorientedgrainsnearthe surface.

Figure3-a showsthe sampleheattreatedat 190°C for 2 hours.It canbe seenthatthe

grainshavea very strongpreferredorientationandform a columnarstructure.From

figure 3-b we can seethe largeamountof porosity in this columnarstructure.

SampleCuG-SI-l with 2pmgold layerheattreatedat 190°C for 2 hourshasa

structuresimilar to Cu-SI-i. For figure 4-a, it canbe seenthat thegrainshaverandom

orientationandthattheavengegrainsize is about7pm. Thegrainsnearthe stainless

steel-copperinterfacehavepreferredorientationalongthefilm growth direction.Figure

4-b alsoshowsthatthegrainsaredenseinside with poreson thegrainboundary.As in

Cu-SI-i, CuG-SI-l hasahigherpore concentrationnearthestainlesssteel-copper

interfacethan nearthesurface.

2. X-Ray Diffraction

Figure5 showsthe X-ray diffractionpatternsof Cu andAu films, For Cu-SI-l andCu

S1-2, thex-ray diffractionprofiles are similar. We alsoobservethe austenitestructureof

stainlesssteelpeaksin thesepatternswhich areobserveddueto the curvatureof the

samplewhich causesx-raybeamto hit thesubstrate.Therearetwo peaks,20 = 37*70 and

37*30, thatare theK13 peaksfor stainlesssteel110 andcopperIll respectively.For
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the sampleCuG-SI-1, theK peakof Cu 111 was not observedbecauseof thepresence

ofgold film and therebydecreasein intensityof copperlatticelines. However,The lattice

lines of stainlesssteelstill exist. Accordingto theserecords,thereis no significant

changein the lattice structureof thesecopperfilms. When we look at thepeakof

Cu111, for both heattreatmenttemperatures190°Cand260°C, theFWHM full

width athalf maximumarearound0.4°. This broaddiffractionpatternis dueto small

grain size andcrystal distortioncomparedto thehigh temperaturetreatment>600°C,

for which the FWHM is around0.lS°.1

Conclusion

Sincethetemperaturesofheattreatmentarevery low, the grainsize obtainedaresmall

for thesesamples.From the SEM results,we concludethatthe Cu-SI-2samplehashigher

porositythanthe othertwo samples.Moreover,to improvethe columnarstructure,either

highertreatmenttemperatureor athin gold layer coatingcanbe used.

FutureWork

1. The threespecimensfrom Silvex will be heattreatedathighertemperatureto study

thegrain structurechange.

2. Optimizationof theprocessingconditionsfor CVD copperfilms on stainlesssteel

tubes.

3. Investigationofthe relationshipbetweenphotodesorptionandthechemistryand

microstructureof thecopperlayer.
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4. Setupof a simpleelectrondesorptionexperimentwith aResidueGasAnalyzer

RGA.

5. Identification of facilities to co-extrudeacoppertube inside a stainlesssteeltube.

6. Study theeffect ofheattreatmenton the adhesionof Cu layerwith stainlesssteel.

7. Investigationof the densificationof copperfilms on stainlesssteelfor possible

solutionsto Thrther reduceporosity.

8. Explorationof theotherproductionandtreatmenttechniquesto reducethe

photodesorption.
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a Cu-SI-i

b Cu-SI-2

c CuG-SI-1

Figure 1. SEM free surface morphoiogy/
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2600Cfor 1 hour

Figure 2. Cu-Si-i SEM cross section.
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1900Cfor2 hour

Figure 3. Cu-Si-2 SEM cross section.
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190 oC for 2 hour

Figure 4. CuG-Sl-1 SEM cross section.
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Figure 5. X-Rey diffraction proflies.
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