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Photovoltaic systems

e Diagnostics of PV cells (cell parameters, LBIV, LBIC,...)
e Thermographic measurement

e Flash test (PASAN)

e PV modules |-V characteristic measurement

e Temperature measurement of PV modules

e Sun irradiation measurement

e Electroluminescence measurement

E
-

Conductive joining — soldering or electrically conductive adhesives (ECAs)

e Printed circuit board diagnostics

e Diagnostics of voids in soldered joints, intermetallic layers, whisker and dendritic growth
e Soldering on uncommon substrates: glass, ceramics, silicon, etc.
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* Piezomagneticky jev
— mikroskopicky plvod jevu — linearni zavislost magnetizace na strainu

— FEM model — vyuziti vystupt mikroskopického modelu (SDFT)



Canted triangular antiferromagnetic structure of Mn ;XN
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Modeling of piezomagnetism from first principles (SDFT)
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Piezomagnetic effect in Mn;NiN on different substrates
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Device simulated in Comsol

Mn;NiN bar, 100 nm
MgO substrate, 200 nm 2 m
PZT stressor, 1000 nm
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Surface: Electric potential (V)
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Surface: Strain tensor, XX component (1)




Arrow Volume: Magnetic flux density (spatial frame)
Slice: Magnetic flux density norm (mT)




Strain profile
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More realistic desigh with time dependence
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Time=0.5s Surface: Strain tensor, XX component (1)
Arrow Volume: Magnetic flux density (spatial frame)




Outline

» Elastokaloricky jev

— mikroskopicky plvod jevu — uvolnovani latentniho tepla

— FEM model a nutné aproximace



Solid state cooling

ﬂ Vapor compression cycle m Ferroic cooling cycle

Apply magnetic
field, electric field,

Q e OF mechamcalqtreqs

i
SN B .@*

Heat loa ['1 lIIIEI):.IEHI?I];EEEII}}I?I?IEIIlI HE'B!' lna[i [1] “.E).EE:'E.ILE:L}:ﬁ.a:“"
Illllllllllll‘llllllllllll’ L l Illllllllllll‘lllllllllllr '

Lo
i~ X~pad”®  ‘@——41 {1z

D Remove magnetic
epressurize field, electric field,
or mechanical stress
¢ [ ; i/ e . . : :
H,, Pt Figure 1. Cooling cycles. (a) The conventional vapor compression
(R & cycle uses a liquid-gas phase transition. (b) Caloric-material cooling
& cycles use magnetic (H), electric (E), or stress (o) fields to reversibly
E LY L4 change the entropy (shown as the vector arrays in gray, red, and blue)
é sy L of the respective refrigerant material. (¢) This temperature—state
= ey -y diagram shows ferroic cooling cycles that utilize a phase transition.
E L H,> 1,
— ‘ " ;" Ez > E-]
F g ¥ Ty > Ty Ichiro Takeuchi, and Karl Sandeman
2 N 1 / Hy,Ey, 0,
=
MAGNETIZATION M, Citation: Physics Today 68, 12, 48 (2015);

POLARIZATION P, STRAIN ¢ View online: https:/doi.org/10.1063/PT.3.3022



Temperature-strain phase diagram
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Elastocaloric cooling cycle — an alternative to magnetocaloric cooling
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1A 7T (K)

Comparison to other solid-state cooling mechanisms
(MagnetoCaloric, ElectroCaloric, mechanoCaloric)
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Heat source releasing the latent heat
(instead of temperature dependent heat capacity)
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Time=1s Surface: Electric potential (V)

Stressor is activated locally (not along the whole bar as in previous case)



Time=0.5s Slice: Total heat source (W/m?)

x10

. ‘::(:?t source Jocgyyy
4 IVvated p .

N Y strain
3

2.5

2

Time=0.5s Surface: Strain tensor, XX component (1)




Slice: Temperature (K)

Time=0.5s

296

V¥ 296



Summary

* Piezomagneticky jev
— Magnetization control

- MRAM

* Elastokaloricky jev

— Phase transition control

— Solid state cooling
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