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Combined EPR and TSL study of charge trapping
and energy transfer studied in lead molyk
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Basic principles of EPR

Electron/nuclear spin system.
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Spins ("up” and “down”) produce magnetic moments. Magnetization (M) is the
sum of the magnetic moments in a volume unit. The magnetization tumbles
about the magnetic field (B) direction with the Larmor frequency (e, ~ |B]|).

Absorption of microwaves (MW) occurs by reaching the @, = o,y resonance
condition. EPR signal is proportional to the |AM| = | M, - M, | difference. Electron-
nuclear interaction is also possible. It is called hyperfine (HF) when the nucleus
and electron belong to the same ion and super hyperfine (SHF) in all other cases.
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Schematic view of the energy levels in the spin
system. Bold bar demonstrates EPR signal due to the
+1/2-1/2 electron spin fransition. Thin bars exhibit
two transitions instead of one due to the splitting of
the electron spin levels caused by the HF interaction.
Since the @, ~ |B| the @, = w,,y can be fulfiled by
sweeping the magnetic field while the w,,, = const.




Light irradiation induced defects in PoboMoO,
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EPR spectra measured in EPR spectra measured in Mo rich PbMoO,
undoped PbMoO, before and after the 420 nm laser light irradiation. Three
OSSN SUSEMBSUREE imediately after the 420 nm more new centers were created compare to
3500 3600 37.00. 3800 3900 laser light irradiation. the undoped lead molybdate.
Magnetic field (mT)




EPR intensity (arb. units)
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TSL and thermal stability study

In collaboration with the Department of Materials Science, University of Milano-Bicocca
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Contour plot obtained from spectrally resolved TSL measurements
in undoped PbMoO,. The 90 K, 550 nm group of peaks is stronger
than the 125K, 570 nm one.
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Contour plot obtained from spectrally resolved TSL measurements in
the Mo rich PbMoO,. Main group of peaks at around 40 K and 525
nm is almost unchanged, however it overlaps with the new peaks
absent in the undoped lead molybdate sample. Significant changes
occurred to the 90 K, 550 nm and 125 K, 570 nm groups.




TSL and thermal stability study

In collaboration with Department of Materials Science, University of Milano-Bicocca
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Both undoped and Mo rich PbMoO, demonstirated
this phenomenon.

)
S
=
a
£
®
_
o
o
_
wn
I—
o
)
N
<
£
S
Z

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
Lo
]
]
i

It was also observed in the exira pure archPbMoO,
within the 10-60 K range (red oblong in Fig. I1).
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TSL and thermal stability study

In collaboration with Department of Materials Science, University of Milano-Bicocca
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Spectral shift is due to different fading rate of a single
component with increasing temperature.

A2 origin: (MoO,)* + 2h* — (M00,)? (unstable)
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TSL and thermal stability study

In collaboration with Department of Materials Science, University of Milano-Bicocca

EPR intensity (arb. units)
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TSL glow curves measured after partial cleaning at different
stop temperatures. The numbered peaks correspond to: 1 — 43
K.2-47K,3-83K, 4-87K,58-97K, 6-120K, 7 - 130 K. EPR
intensity thermal decay curves (dots) approximated by the
calculated curves (red) demonstrate correlation with some
peaks.
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ISL glow curves measured after partial cleaning at different stop
temperatures. The numbered peaks correspond to: 1 -40K, 2 -44K, 3
-57K,4-70K, 5-83K6-110K, 7 - 122 K. EPR intensity thermal decay
curves (line + symbol) demonstrate correlation with some peaks.
Decays of the TE1,4 and Mn% and Bi2* EPR signals are connected
somehow.
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2 1 Undoped PbMoO, |
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Initial rise technique applied to the chosen peaks (numbered) in both undoped and Mo rich PbMoO,. Red solid lines are fitting curves.
Comparing calculated trap depths (~0.05-0.2 eV) and frequency factors (~104-10¢ s') with those determined from the fitting of EPR
spectra intensity thermal decay curves, the “1-2", “3" and “4" have been referred to the STE, TEO, TE2 centers in the undoped PbMoO,

and the “1-2", “4-5" and "7" to the STE, TE2, TE3 in the Mo rich PbMoO, , respectively.




Conclusions

Self-trapped electron has been discovered, as an intrinsic feature of a lead
molybdate similarly to a lead tungstate.

Other electron traps are connected with accident
regularity within the latfice.

on-

No paramagnetic hole traps like e.g. O- defect were fo

Emission spectrum is multicomponent. The shift with tem towards
lower energies, most likely, originates from different fading rate of each single
component.

Crystal growth from the Mo rich melt leads to larger amount of charge traps.
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