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WP5: electron-structure effects in optoelectronics+ robust
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spin-vdW-DF-cx: parameter-free structure predictions)




Carbon-based high-speed 3D GaN electronics systems:
Presentation and discussion of theory tasks, March 2015

Taskfor vdW-DF++theory component(PH) RelatedDeliverables

Effectsof doping on CN¢€lectrical preformance D1, D2
Interactions graphene- functionalizedsubstrates D2
Transport.graphenefunctionalmetal particles D2, D3

vdW/ weak-chemisorptionbonding for gatecontrol D1, D2, D4
Transportmodeling grapheneand CNATGVs D4, D5
D1:Modelingchemicaldoping CNTperformance TO+12
D2:Modelingsubstrateeffectson grapheneperformance TO+18

D3: Thermal electricaltransport: graphenémetal-particle interfaces TO+24
D4:Modelingof vdW/ weakchemisorptiongate control (vdW-DF++) TO+36
D5:Modelingthermal electricaltransport: graphenéCNFTGV TO+55
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Theory and modeling progress: Tack-specific overview
of Work and Publication progress overview, Feb. 2015

. Papersfor vdW-DF++/transporttheory components Authors/status

1 Method-D50 K S NJ¥icrbs¥opigcontributionto reduction  P.ErhartPH;in preprint w.

of thermalconductivityA y 2 S {G&phitd 06 b Exp.compare(+planned
2 Method-D1/2-structure éValidationof vdW-DFcx for P.ErhartPH: computations
thermophysicapropertiesof layered+bulkmattere O.K., manusn preparation
3 Compute+exgharacterizeD1/2: €Strengthof dominant PH+JLplanned Havesome
scatteringfor functionalizedgraphiticg T  befefted funct. structures->needto
substrate Measuremobility +desorption addtheory determine€ {R2 LJXE |y

predictof structureandof OK | KRG £ | & A Y meéadurempants
4 TheoryWarnings H Y ¢ ¢hanNsBrgtiEngrapheneon PH+3tm: planned?; Have

GaN stracturaldeformation-> started BN-buffer study) relaxedstructure, HugeEh
5 Method-D3& (i NHzO (i dzNB Y consiStsh@xchvahgsJ FHyipreparationHave
vdW-DFcx forGraphenémetal systems spinvdW-DF+RPAef.

[1] (UCFvdW collaborators J.KatoctE S &trehgthdf the& dominant
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The vdW-DF-cx:
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vdW-DF-cx: Structure/phonons, Validate for D2,D3,D5
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Works 1) and 2)

Hereare predictivevdW-DFcx calculationsof
structureand of phonons inclusidnghow
zero-point energiesandtemperatureand
defectsaffectsthe vdW heterostructures
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Excellenpphononperformanceof vdW-DFcx.

Importantfor D4, D5)we rationalizethe
observation (so fadocumentedbest
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vdW-DF-cx: weak-chemicorption-predict for D3-4, Work 5

System vdW-DFcx (RPA [2]) vdW-DFcx (RPA [2]) | Incommensurate-
adsorptionheightd_b[A] E_b[meV/IC-atom] deform[meV/C-atom]

Gr@A(111) 3.49 (3.51) 61 (52) 2 - from PBE [2]
Gr@N{111) 2.12 (2.19x¢ Exp2.11 119 (70) 6 - from PBE [2]
Gr@Ay111) 3.32 (3.22) 81 (95) 13 ¢ from PBE [2]
Gr@Ag111) 3.24 (3.31) 65 (78) 21 ¢ from PBH2]

Gr@Pd111) 3.02 (3.34) 80(90) 91-from PBE [2]
Gr@C(11) 2.31 (3.09¢ Exp 2.34 96 (68) 92 ¢ from PBE [2]

Note: the Ni(111) islonewith spinrvdW-DFcx: afirst rigoroussuchversionthat we are
Justlaunching herein 2015;this+othermethod developmentisfundedbyt | W& grant.

[2]: Olsen and Thygesen: RPA studie@veak) graphenechemisorptionon metals
PRB 87, 071111 (2013). NOTE: Experinarthe real tests. RPAIW-DFcxcompeetes

Note: The crossonductancehat we seekis set by theconcertedeffectsof
adsorptiondistanceand wetting angles(and bulkconductivityof the metal):

o Wetting <> surfaceenergies(calculationsare planned but low on resources
Sl
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vdW-DF-cx: Structure-strategy for D1, Works 3 progress

Calculationsof structureas the
Grapheneand/or CNTare
FunctionalizedLefthandside
Representeffects(viahead
NHgroupsof realanchorsthat
e.g, TFPANH2 has. Real
Distorptionssp2-> sp3 give
Scatteringresistance

For best dopingve find that
TFTCyanoPgtop right) and
Thionylchloride (bottom right)
Are benighnin structure
consequencesStartedBader
characterizationof charge
transfers dopantquality.

ForlowingUCHdeawe needto
add correlationmeasurements
(mobility-desorption) Ref on p. G
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