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Electron-Beam Recording on Phase-Change Media

Features:

² Unpatternedmediascannedin two dimensions;

² Readingandwriting via electron-beam¯eld emittersin vacuum;

² Phase-changemediafor datastorage.
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Electron-Beam Emitters for Read/W rite

Spindtmetal tips Nodular MIS emitters NanoTELemitters

Considered3 di®erent kindsof emitters:

² TraditionalSpindtevaporatedmetalemitters;

² Flat MIS emitterswhosecurrent originatesfrom tiny poly-Sinodules;

² E-beamlithographicversionof the nodule-enhanced°at emitters.

Alison Chaiken Hewlett-Packard 3



MEMS X-Y Micromo ver for Media Scanning

Features:

² DeepSi etching allows40:1aspect-ratiosprings;

² > 600:1out-of-plane:in-planesti®nessratio;

² > 50%areale±ciency;

² CMOScompatibleprocessfor integrationof control electronics.
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Optical vs. Electron-Beam Recording
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The mediummust be a phase-changematerialwith good electricalproperties!
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Electron-Beam Induced Curren t with keV Electrons
Giv es Gain
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Icoll ¼ (collectione±ciency)¤(Ebeam=3¤ Ebandgap) ¤ Ibeam

Gain ´ Icoll=Ibeam, ashighas65at 2 keV.
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Decent Electrical Prop erties of InSe/GaSe
Hetero junction Dio des
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GaSeis natively p-type,whileInSeis natively n-type.

Collectione±ciencies5-10%.
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Crystal Structure of I I I-VI InSe and GaSe

van der Waals
gap

In

Se

² GaSegrowsepitaxiallyon Si(111)[Palmeret al., JJAP 1993]

² InSegrowsepitaxiallyon GaSe[Nakayamaet al., Surf. Sci. 1991]

² Substantial electricalandthermalanistropy in both materials.
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Go od Qualit y Epitaxial InSe/GaSe/Si(111) Films
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Phase-changematerialswith decent semiconductingpropertiesthat
grow well on Si!
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Go od Qualit y Epitaxial InSe/GaSe/Si(111) Films

InSe

GaSe

Si

Growth is subject to twins, stacking faults and threadingdislocationsas in
familiar epitaxialsystems.

SeeJ.B. Jasinskiet al., MRS2003SymposiumGG proceedings.
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Making Amorphous Laser Marks

Di®raction-limited,30nS488nm lasermarks.

Re°ectivity changessignat damagethreshold.
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Amorphous Laser Marks

Laserusedto simulatee-beamrecording.
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Electronic Con trast Observ ed without Surface
Damage

SEMImage EBIC image

Marksarebarelyvisiblein SEMimage.Spacing= 0.9¹ m.

In inclusionscauselarge\media noise."

Pulsewidth< thermalequilibrationtime givessmallmarkdiameter¼ 200nm.
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Oven Erasure of Amorphous Bits
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Annealedat 300±C for 5 minutes.

All amorphousbits have a gain< 40beforeannealingand¸ 50afterwards.

Alison Chaiken Hewlett-Packard 14



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 Ac hiev ed
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Points indicatevaluesobtainedby averagingacrossrowsof a matrix.
Optimizecontrast via improved¯lm growth, ¯lm thickness,caplayer parame-
ters,beamenergyanddevicebias.
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Scaling of Erasure Time Dep ends on
Recrystallization Mo de

Regrowth from crystalline matrix
without nucleation

Like InAgSbTe

Homogeneous nucleation
plus growth

Like GeSbTe

amorphous

amorphous
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Some Evidence for Regro wth from the Matrix

Write pulseonly Write + 10¹ S erase Write + 100¹ S erase

As erasepulselengthens,bright ring growsinward.

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

Write pulseonly Write + 1 S irradiation

In situ TEM observation of electron-beamexposuresuggestre-
growth from the edge.

Growth-dominant behavior canoccurundersomecircumstances.
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Margins for Write and Erase Pro cessesare Small
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Largermarginscorrespondto thicker caplayers.

Bestcyclingbehavior hasnot beendemonstratedon ¯lms with bestgains.

Alison Chaiken Hewlett-Packard 20



Summary

² High-quality phase-changemedia ¯lms have beengrown on
Si(111).

² TheIII-VI semiconductorphase-changemediaformdiodeswith
reasonablecollectione±ciency.

² Erasablelasermarksgive a usablecontrast in diodesignal.

² Apparent growth-dominant behavior impliesshorterasuretime
for small-diametermarks.

² Up to 100write-erasecycleshavebeenachievedwithout signif-
icant degradation.

² Optimizationof¯lm growth, devicedesignandread/writestrat-
egyhasa longway to go.

Alison Chaiken Hewlett-Packard 21



Data Readbac k Concept
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Electron-Beam Readbac k of a Data Track
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InSe and GaSe Crystal Structure
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Larger View of E-b eam Recrystallization at Edges

Diameterof bit at surfaceis about 800 nm (much larger than
erasablebits).
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