




Encapsulation strategy: Suppressing oxidation and preserving material’s 







₂



₂
“

” by K. Intonti et al. (Materials Today Advances, 

₂
“₂”, 

–
– ₂ ₂ ₂

in “₂” 

₂
₂ –₂

https://doi.org/10.1016/j.mtadv.2025.100654


“
” by K. Intonti et al. (Applied Physics Letter

₂
“

based field effect transistors” 

Λ

“Ambipolar to anti

based FETs” 

https://doi.org/10.1063/5.0231243
https://doi.org/10.1109/NANO63165.2025.11113515
https://doi.org/10.1039/D5MH01871D


Moore’s law, which has served as a benchmark for scaling, performance enhancement, and cost 

minimum cost would double every year, a ‘prediction’ later adjusted to every two years
trend, later known as ‘Moore’s law’, has guided the evolution of microelectronics for five more 

While these strategies have successfully extended the ‘More Moore’ paradigm, further progress 

outes have been delineated: ‘More than 
Moore’, which enhances system functionality through heterogeneous integration, improved 
circuit designs, and new applications; and ‘Beyond Moore’, which pursues unconventional 
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composites, catalysis, and the hydrogen evolution reaction. However, graphene’s integration 
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24,25

26

′
27

28

23

29

30



31

26,32,33

34



33

35–

38

39,40



41

–

42,43

44–46

47



48

49

address this problem and is employed to study mechanical properties such as Young’s modulus, 
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௙ܧ X qܧ௙[Xq] = E [Xq] − E [ ] − ∑ nii μi + q(EF + Ev)        E [Xq] ܧ [ ]݊௜ ௜ߤ ݅ ிܧ௩ܧ



Ef,∞  = Ef + Ecorr                 (2.2)

Gf = F − F + pVf − ∑ nii μi + q(Ev + EF) + EF FE
௜ߤ

ߤ– 2 = ߤ + ߤ2

VS VS2
∼ 1.3–1.5

with stable charge states of 0 and −1 



D = να2 exp (− EkBT)            E α ߥ
∼ 400∘



Ead = E(VX + ) − E(VX) − E( )
E(VX + )E(VX) E( )







to determine FETs’ output 

Id = μnWCoxL  [(Vgs − Vth)Vds] ߤ௡, ௢௫ܥ ௧ܸℎ

Id = μnWCoxL  [(Vgs − Vth)(Vds − Id2Rc)]



μ



also be used to access FETs’ electrical performance. Important parameters, including 

ܵܵ = ௗ௏೒ೞௗ(௟௢௚ூ೏) = log(10)௞ಳ்௤  (1 + ஼಴ಹ஼೚೉)ܥ஼ு ஼ுܥ ≪ ௢௫ܥ

ߪ  ݊ ߪ = 1௤௡ఓ.

It’s emblematic that even though a high substitutional Nb dopant concentration up to 10



Id~ WL μeffQnVdsVg > Vth  and Vds ≪ (Vg − Vth)Qn = COX(Vg − Vth) 

μeff = gdொ೙ ௅ௐ݃ௗ  gd = ∂Id∂Vds.

gm = ∂Id∂VgsμFE = gmCOXVds LW
μ

–

–



Ids(Vgs) = WA2D∗ T32exp (− qϕB,eff(V೒ೞ)kBT ) [1 − exp (− qVdskBT )],
ϕB,eff(VGS) 2ܣ஽∗

߶஻,eff(ܸீ ௌ) = ௞ಳ௤ [dln(಺೏೅32)ௗ(1೅) ] 
߶஻௡߶஻,eff Vgs



The photovoltaic effect is attributed to the photogenerated charge carrier’s separation by the 

which leads to a change in its electronic properties and so modifies the material’s potential 

– Δ Δ

ߪ
௣ℎܫ௧௢௧ܫ = ௧௢௧ܫ − ௗ௔௥௞ܫ



߬௅߬௧௥ <߬௅ ܩ = ߬௅/߬௧௥

The bolometric effects develop when an active material’s resistivity changes as a result of 

The material’s thermal resistance and heat capacity are crucial factors that influence the 
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semiconductor, in which a significant difference in materials’ work functions produces a built

–

–



–

– –

R = Iph/Pinc
Iph = Ilight − Idark

Pinc = ( PAspot) ∙ Aactive

R = Vp/Pinc



EQE = IphhvqP = Rhcqλ ݒ ߣ
Pz = Pinc(1 − Rf)(1 − e−௔z)ܽߟ = (1 − ௙ܴ)(1 − ݁−௔ௗ),

EQE = η · IQE

G = ( Iph௉ೌ೏ೞ) (ℎఔ௤ )
G = τe௧೟ೝ೐ + ఛ೛௧೟ೝ೛τe ߬௣ݐ௧௥௘ ௧௥௣ݐ

NEP = IN/R



D = 1/NEP

D∗ = AB12NEP

D∗ = R√A√2qId

rLDP = 20 Log(PmaxPmin)



μ



load between 25 and 50 Ω integrated into the sample stage. 
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. This reduces the device’s performance because oxygen and water adsorption 
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−1.0 V, I = 40 nA; (b) V = −0.5 V, I = 21 nA; (c) V = −3.9 V, I = 4.7 nA; (d) V = −3.8 V, I = 4.0 
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of surface elements, partially ‘melting’ the surface. Even a couple of months after the last scan, 

suggesting that SEM exposure may irreversibly alter the flake’s
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nanowires, nanotubes, and nanorods, given selenium’s intriguing physical properties, like high 
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Figure 3.22b, on the other hand, displays the peaks’ height of the two vibrational modes 
as a function of the thickness of the flake. The peaks’ intensity does not have a monotonic 
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as (−30, 30) V and (−40, 40) V. In contrast, a clear hysteresis loop develops when larger gat
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–

Id ~ A2D∗ T3/2 exp [ − qΦB,eff(Vgs)  kBT  ]  qΦB,eff(Vgs)
A2D∗

ΦB,eff(VFB) = ΦBn ΦB,eff
qΦB,eff(Vgs) = kB [dln(Id/T3/2 )dT−1 ]ΦB,eff ΦB,eff(Vgs)

Vgs ≈ −20 V qΦBn = 0.091 eV
~4.30 eV ~4.5 eV)

qΦB,eff(Vgs)γ = (1 + CitCox)−1 = (1.61 ± 0.04)10−3 Cit~ (7.1 ± 0.2) ·10−6 F/cm2 Dit = Cit/e2~ (4.5 ±0.2)1013 eV−1cm−2

https://pubs.acs.org/doi/10.1021/acsami.3c12973#fig3
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equilibrium Green’s functions (NEGF) technique 
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device’s response to a light pulse
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which results in an “Λ shaped” current vs. gate voltage curve rather than th e typical “V shape” 
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This behaviour is due to the laser’s higher local power density and spatial confinement, 

and the driving voltage range ΔV
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Iph = (3.73 ±  0.07) nAR ≈ 0.13 AWD∗ = 1.3 × 1012 Jones
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– Pavg = VdsIlightton+VdsIdarktoffton+toff ~ 0.93 nW 
ambipolar transistor’s promise for low



ambipolar transfer curve in the dark is related to the peak of the Λ
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