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Electron-Beam Recording on Phase-Change Media
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Features:

2 Unpatternedmediascannedn two dimensions;

2 Readingandwriting via electron-leam eld emittersin vacuum;

2 Phase{tangemediafor data storage.
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Electron-Beam Emitters for Read/W rite
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Considere® di®erenkinds of emitters:

2 Traditional Spindtevaporatedmetal emitters;
2 Flat MIS emitterswhosecurren originatedromtiny poly-Sinodules;

2 E-beamlithographicversionof the nodule-enhancetht emitters.
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MEMS X-Y Micromo ver for Media Scanning
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Features:
2 DeepSi etching allonvs 40:1aspect-ratiosprings;
2 > 600:1out-of-plane:in-plansgti®nessatio;
2 >50%arealexciency;

2 CMOScompatibleprocesdor integrationof cortrol electronics.
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Optical vs. Electron-Beam Recording

Traditional e-Beam
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The mediummust be a phase-sangematerialwith good electricalproperties!
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Electron-Beam Induced Curren t with keV Electrons
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Decent Electrical Prop erties of InSe/GaSe
Hetero junction Dio des
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Bias between InSe top contact and Si (V)

GaSas natively p-type, while InSeis natively n-type.
Collectionexciencie$-10%.
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Crystal Structure of I11-VI InSe and GaSe

van der Waal:
gap

2 GaSegransepitaxiallyon Si(111)[Palmeret al., JJAP 1993]
2 InSegrowsepitaxiallyon GaSgNakayamaet al., Surf. Sci. 1991]
2 Substanial electricalandthermalanistropy in both materials.
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Films

InSe/GaSe/Si(111)

Good Qualit y Epitaxial
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Good Qualit y Epitaxial InSe/GaSe/Si(111) Films

Growth is sulgect to twins, staking faults and threadingdislacationsas in
familiar epitaxialsystems.

Seel.B. Jasinskiet al., MRS 2003SymppsiumGG proceedings.
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Making Amorphous Laser Marks

150

Photoresponse (nA/pW)

£ P
o o

48]
o

Reflectivity (%)

[ &)
o

o
Y scan position

Di®raction-limited30nS488nm lasermarks.
Re°ectivity changesignat damagehreshold.
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Amorphous Lase

r Marks
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Laserusedto sinmulate e-

eamrecording.
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Electronic Contrast Observ ed without Surface
Damage

SEMImage EBIC image

Marksarebarelyvisiblein SEMimage.Spacing= 0.91 m.
In inclusionscausdarge\media noise."

Pulsewidth< thermalequilibrationtime givessmallmark diameterys 200nm.
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Oven Erasure of Amorphous Bits
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Annealedat 300*C for 5 minutes.
All amorphoudbits have a gain< 40beforeannealingand, 50afterwards.
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Erasure without Surface Damage

0.5= Write pulseonly; 1.0= Write/Erase;1.5= WEW :::
W= 4.7mW,30nS;E = 1.8mW, 1 mS.

Up to 100cycleswith only minor degradation.
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15 Cycles without Degradation Achieved
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Points indicatevaluesobtainedby averagingacrossows of a matrix.

Optimizecorirast via improved Im growth, Im thicknesscaplayer parame-
ters,beamenergyand devicebias.
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Scaling of Erasure Time Depends on
Recrystallization Mo de

Homogeneous nucleation Regrowth from crystalline matri
plus growth without nucleation

amorphous
A%

NV amorphous
Qqu W

Like GeSbTe Like INAgSbTe
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Some Evidence for Regrowth from the Matrix

Write pulseonly Write + 10! Serase Write + 100 Serase

As erasepulselengthensbright ring grovsinward.

Final mark haslargersignalthan surroundingmatrix.
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In Situ TEM Recrystallization Occurs from Mark
Edge

Write pulseonly Write + 1 Sirradiation

In situ TEM obseration of electron-lkamexposuresuggestre-
gronvth fromthe edge.

Growth-dominamh behavior canoccurundersomecircumstances.
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Margins for Write and Erase Pro cessesare Small
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Largermarginscorrespndto thicker caplayers.
Bestcyclingbehavior hasnot beendemonstrate@dn Ims with bestgains.
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Summary

2 High-qualiy phasedtangemedia Ims have beengrovn on
Si(111).

2 Thelll-VI semiconductgrshasedcangemediaformdiodeswith
reasonableollectionexciency

2 Erasabldasermarksgive a usablecortrast in diode signal.

2 Apparen granvth-dominah behavior impliesshorterasurg¢ime
for small-diametemarks.

2 Up to 100write-eraseycledhave beenadievedwithout signif-
icart degradation.

2 Optimizationof Im grawnth, devicadesigrandread/writestrat-
egyhasa longway to go.
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Data Readback Concept
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Electron-Beam Readback of a Data Track
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InSe and GaSe Crystal

Structure
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Larger View of E-beam Recrystallization at Edges

Diameterof bit at surfaceis about 800 nm (mudh largerthan
erasabldits).
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