
0
Per Hyldgaard

SSF Carbon-basedhigh-speed 3D GaN
Electronics systems

Progress/status report, March 2015
WP5 Theoryand Modeling

(Graphene/CNT functionalization)



WP5: electron-structure effects in optoelectronics+ robust 

spin-vdW-DF-cx: parameter-free structure predictions)  
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Carbon-based high-speed 3D GaN electronics systems:

Presentation and discussion of theory tasks, March 2015
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Taskfor vdW-DF++ theory component(PH) RelatedDeliverables

Effectsof doping on CNT electrical preformance D1, D2

Interactions: graphene- functionalizedsubstrates D2

Transport:graphene-functional-metal particles D2, D3

vdW/weak-chemisorptionbonding for gate control D1, D2, D4

Transport modeling: grapheneand CNT-TGVs D4, D5

Theoryactivity Deliverables Planned

D1: Modelingchemicaldoping: CNT performance T0+12

D2: Modelingsubstrateeffectson grapheneperformance T0+18

D3:Thermal/electricaltransport: graphene/metal-particleinterfaces T0+24

D4: Modelingof vdW/weak-chemisorptiongate control (vdW-DF++) T0+36

D5: Modelingthermal/electricaltransport: graphene/CNT-TGV T0+55



Theory and modeling progress: Tack-specific overview

of Work and Publication progress overview,  Feb. 2015
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Papersfor vdW-DF++/transport theory components Authors/status

1 Method-D5-ǘƘŜǊƳŀƭΥ έMicroscopiccontribution to reduction
of thermalconductivityƛƴ ²Ŝ{Ŝнέ όҌGraphite)

P.Erhart/PH;in preprint  w. 
Exp. compare(+planned)

2 Method-D1/2-structureέValidationof vdW-DF-cx for 
thermophysicalpropertiesof layered+bulkmatterέ

P.Erhart/PH: computations
O.K., manus. in preparation

3 Compute+exp-characterizeD1/2:έStrengthof dominant 
scatteringfor functionalizedgraphiticsέΤ Ҍέƻƴ selected
substrateέΥ Measuremobility +desorption, addtheory
predictof structureand ofŎƘŀǊƎŜ έd_dopέΣ ŀǎ ƛƴ wŜŦ ώмϐ

PH+JL:planned; Havesome
funct. structures-> needto 
determineέǉ-ŘƻǇέ ŀƴŘ 
measurements.

4 Theory-Warning5нΥ έ{ǘǊƻƴƎchemisorptiongrapheneon 
GaNέ όstructuraldeformation -> startedBN-buffer study)

PH+?stm: planned?; Have
relaxedstructure, Huge Eb.

5 Method-D3-ǎǘǊǳŎǘǳǊŜΥ έ.ŜƴŎƘƳŀǊƪƛƴƎ consistent- exchange
vdW-DF-cx for Graphene/metalsystems

PH: in preparation. Have
spin-vdW-DF+RPA-ref.

[1] (UCF vdWcollaborators) J. KatochΣ Ŝǘ ŀƭΣ έStrengthof the dominant 
scattererin grapheneon siliconoxideέ ƘǘǘǇΥκκŀǊ·ƛǾΦƻǊƎκмрлнΦлолпо



The vdW-DF-cx: Validate for D1-D2, predict for D3-D4    4



vdW-DF-cx: Structure/phonons, Validate for D2,D3,D5 A
Works 1) and 2)
HerearepredictivevdW-DF-cx calculationsof
structureand of phonons, inclusidnghow
zero-point energiesand temperatureand 
defectsaffectsthe vdWheterostructures.

Excellent phononperformanceof vdW-DF-cx.

Important for  D4, D5): we rationalizethe 
observation (so far documentedbest 
experimentallyfor WeSe2) that layered
systems haveultrasmall perpendicularthermal
transport whichςas is worse-- is extremely
easyto further suppressby more than an order
Of magnitudewheninclusion-defects
enhancesthe averagelayerseparation by as 
little as 2-3 percent



vdW-DF-cx: weak-chemicorption-predict for D3-4, Work 5 B
System vdW-DF-cx(RPA [2])  

adsorption heightd_b[A]
vdW-DF-cx (RPA [2]) 
E_b[meV/C-atom]

Incommensurate-
deform [meV/C-atom]

Gr@Al(111) 3.49 (3.51) 61 (52) 2 - from PBE [2]

Gr@Ni(111) 2.12 (2.19) ςExp2.11 119 (70) 6 - from PBE [2] 

Gr@Au(111) 3.32 (3.22) 81 (95) 13 ςfrom PBE [2]

Gr@Ag(111) 3.24 (3.31) 65 (78) 21 ςfrom PBE[2]

Gr@Pd(111) 3.02 (3.34) 80(90) 91 - from PBE [2]

Gr@Cu(111) 2.31 (3.09) ςExp* 2.34 96 (68) 92ςfrom PBE [2]

[2]: Olsen and Thygesen: RPA studies of (weak) graphenechemisorptionon metals, 
PRB 87, 071111 (2013). NOTE: Experiments are the real tests. RPA/vdW-DF-cx compeetes.

Note: the Ni(111) is donewith spin-vdW-DF-cx: a first rigoroussuchversion that we are
Just launchingherein 2015; this+othermethoddevelopmentis fundedby tIΩǎVR grant.

Note: The cross conductancethat we seekis set by the concertedeffectsof
adsorption distanceand wetting angles(and bulk conductivityof the metal): 
Wetting<-> surfaceenergies(calculationsareplanned) but low on resources.



vdW-DF-cx: Structure-strategy for D1, Works 3 progress C
Calculationsof structureas the 
Grapheneand/or CNT are
Functionalized. Lefthand side
Representseffects(via head
NH groupsof real anchorsthat
e.g., TFPA-NH2 has. Real 
Distorptionssp2 -> sp3, give
Scatteringresistance.

For best doping we find that
TFTCyanoPq..(top right) and 
Thionylchloride(bottom right)
Arebenighnin structure
consequences. StartedBader 
characterizationof charge 
transfers, dopantquality.

ForlowingUCF ideawe needto
addcorrelationmeasurements
(mobility-desorption) Ref on p. 3.


