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[1] Hattnik et al,, PRB 2003. [2] Bakkali et al. J. Scientific Reports (2016)
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P/ Granular metals comprise metal islands embedded in an insulating
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Island diameter, O ~1—10 nm
Tunneling decay length, £ ~0.1 -1 nm

Grimaldi, Phys. Rev. B 89, 214201 (2014)

Common metals
Ag, Au, Ni, Pd, Co, Fe

Common insulators
Si0,, ALLO,, yttria-
stabilized zirconia (YSZ)




_,// Similar granular metal systems exhibit large variances in dc
' conductivity
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Data: Abeles et al. Adv. in Phys. 24, 407 (1975); Figures: Grimaldi, Phys. Rev. B 89, 214201 (2014).



/ Optimized rf sputtering geometry, power, and pressure to grow well
-controlled granular metal films

98 Mo-YSZ
Vary metal/ceramic ratio by adjusting the rf power of the metal while 3

keeping insulator power constant.
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Lower rf power (<100 W) minimizes in-situ annealing during deposition.
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SJ. Gilbert et al., J. Phys. Condens. Matter 34, 204007 (2022).
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/7 Conductivity curves for Co-YSZ and Mo-YSZ are characteristic of GMs
4

g Co-YSZ Mo-YSZ
10* @ . 10* ™
& ~ PN
.
P .
— 1D2 ..... N - j— 1D2 ® ~ 10
5 A ~10 E | AO(pCiO.OS
@A o0 | 0 X O(pCiO.OS | Py
& &
®
107 ® - 107
® 300K ® 300K
75 K 75 K
107 ' ' ' ' ' 107 ' ' ' ' '
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
¢, metal fraction ¢, metal fraction

o(T) « exp _JT: Weak transition between dielectric and metallic regimes; Ao =
T 10 at the percolation threshold

SJ. Gilbert et al., J. Phys. Condens. Matter 34, 204007 (2022).




// Conductivity change at the percolation threshold dependent on
interface interactions

Grimaldi' proposed that conductivity depends on the ratio of
tunneling (g) and metal (g,) conductivities.
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[1] Grimaldi, Phys. Rev. B 89, 214201 (2014). [2] SJ. Gilbert et al., J. Phys. Condens. Matter 34, 204007 (2022).




/ Interface interactions explain conductivity trends

Conductivy change
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/" Granular metals are suitable for high E-field applications
/
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> 5 kV/cm demonstrated in lateral devices

> 0.1 MV/cm in vertical devices
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/Annealing drives island coalescence and should mitigate interface

effects
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As-grown . . .
g % 104 ® ®
®
10% | ¢
Annealed 600 °C £ ¢
i S 10°] %
©10%; @
Annealed 900°C 104! ¢ e as grown -
R L g e ¢ Annealed, 600 °C, 2 hr
107° | '

0 0.2 0.4 0.6 0.8 1
¢, metal fraction

TEM images of 5 nm
thick Co-YSZ

10 nm

TEM studies with Nathan
Madden and Khalid Hattar




granular metal conductivity

// Conclusion: Controlling interface interactions is crucial for controlling
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// 80 dB drop in impedance achieved in Mo-SiN granular
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