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Polycrystalline Zn1−x(Mn:Ni)xO sample for x = 0.02 were synthesized by solid state route. We have observed
low field microwave absorption in these powder samples. Low field microwave absorption signal is out of phase with
the regular resonance signal indicating the microwave absorption has a minimum at zero field and the absorption
of microwaves increases with increase of magnetic field. Low field microwave absorption in these powders is
qualitatively different from their bulk pellets. Temperature dependence of the low field microwave absorption
indicates a line shape evolution and a non-monotonic peak to peak intensity change. Further, we have observed
the absence of 2nd harmonic in this low field microwave absorption, indicating low field microwave absorption in
these transition metal co-doped ZnO powders is not non-linear in nature.
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1. Introduction

Microwave absorption in certain magnetic materials is
very sensitive to small applied magnetic fields. Particu-
larly in the case of µm size manganite powders, Srinivasu
et al. [1, 2] have reported a colossal effect of microwave
loss dependence on fields in the range of a few hundred
Oe. Thereafter, similar low field microwave absorption
(LFMA) has been reported in several magnetic materi-
als [3–11]. The phenomenon of LFMA is very useful in
the context of designing microwave absorbing materials.
Our group has recently reported LFMA in Mn:Ni and
Mn:Fe co-doped ZnO system, in the bulk pellets [8]. As
reported [1, 2], µm size powders could be more effective in
microwave absorption than their bulk form. Therefore, it
is interesting to study and compare LFMA in both bulk
and powder form of the same sample or system. Here,
we report the LFMA study in the µm size powders of
Zn1−x(Mn:Ni)xO (x = 0.02) system sintered at different
temperatures.

2. Experimental details

Zn1−x(Mn:Ni)xO (x = 0.02) bulk samples were pre-
pared by solid state route and sintered at two different
temperatures namely 500 ◦C and 800 ◦C. The bulk pel-
lets were well characterised as reported in Ref. [8]. These
pellets were then well grinded to obtain µm-sized pow-
ders using an agate mortar. The particles have formed
agglomerates with their sizes ranging from subµm to µm
as shown by SEM image in Fig. 1. LFMA measurements

∗corresponding author; e-mail: mahults@unisa.ac.za

were carried out using a Bruker ESR spectrometer oper-
ating at 9.5 GHz. Modulation field was varied between
1 Gs to 9 Gs. Further microwave power was varied be-
tween 20 dB to 30 dB. All measurements were carried
out at room temperature.

Fig. 1. SEM images of Zn1−x(Mn:Ni)xO (x = 0.02).

3. Results and discussion

Figure 2 presents the LFMA signals for both bulk pel-
let and powder forms of Zn1−x(Mn:Ni)xO (x = 0.02). We
observe that powdering did not bring in any appreciable
change in LFMA in this system. In order to understand
the sintering effect on LFMA in these powder samples,
we measured LFMA for 500 ◦C and 800 ◦C sample, which
is shown in Fig. 3. One can see that sintering temper-
ature has good effect on the line shape of LFMA. The
line shape of 500 ◦C sample is much narrower and sat-
urates quickly as compared to the broader LFMA line
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Fig. 2. A comparison of LFMA between bulk pellet
and powder Zn1−x(Mn:Ni)xO (x = 0.02) samples sin-
tered at (a) 500 ◦C and (b) 800 ◦C temperatures.

Fig. 3. LFMA signals for 500 ◦C and 800 ◦C sintered
powder sample of Zn1−x(Mn:Ni)xO (x = 0.02).

shape in the 800 ◦C sintered sample. This indicates that
microwave absorption is more sensitive to applied field in
the case of 500 ◦C sintered sample as compared to that
of the one sintered at 800 ◦C. This could be due to the
defects and disorder in the 800 ◦C sintered sample as ev-
idenced by PL spectra in this sample [8]. These defects

can restrict the spin rotation and hence one needs higher
field to rotate the spins completely, leading to a higher
saturation field in LFMA. Further the LFMA in these
samples is out of phase with the regular resonant ESR
signal, indicating that the LFMA has minimum of mi-
crowave absorption at zero and then increases as the field
is swept away from zero. This is in contrast, totally oppo-
site with the LFMA observed in manganite powders [1, 2]
where the microwave absorption is maximum at zero and
decreases as the field is swept away from the zero.

Figure 4 shows the microwave power dependence of
LFMA for both 500 ◦C and 800 ◦C sintered powder sam-
ple of Zn1−x(Mn:Ni)xO (x = 0.02). We found that the
signal strength increases as microwave power is increased.
As the microwave power is increased, microwave currents
in the sample increases leading to increased joule losses
and therefore we expect the LFMA signal strength to in-
crease. Further as shown in Fig. 5 LFMA signal intensity
increases as the modulation field amplitude is increased.
This indicates that the LFMA is strongly dependent on
the amplitude of modulation field. We also measure the
2nd harmonic however the 2nd harmonic is absent, indi-
cating that the LFMA is not nonlinear in nature.

Fig. 4. Power dependence of LFMA in (a) 500 ◦C and
(b) 800 ◦C sintered powder samples of Zn1−x(Mn:Ni)xO
(x = 0.02).
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Fig. 5. Modulation field dependence of LFMA in (a)
500 ◦C and (b) 800 ◦C sintered powder samples of
Zn1−x(Mn:Ni)xO (x = 0.02).

4. Conclusion

In conclusion, we have studied low field microwave
absorption phenomenon in the µm size powders of
Mn:Ni co-doped ZnO system. Firstly, LFMA in these
powders have a minimum of microwave absorption
at zero field and then increases as the magnetic field
is swept away from zero. We found that sintering
temperature has strong effect on the line shapes of
LFMA signal. The line shape is narrower and saturates
quickly in the sample sintered at 500 ◦C as compared to
that of the sample sintered at 800 ◦C. Strong microwave

power dependence was observed, indicating joule losses
.Also, LFMA in these powders depends on modulation
amplitude, increases with increase of modulation. There
is no 2nd harmonic, indicating that the LFMA in this
system is not non-linear by nature. We did not observe
any appreciable differences in the LFMA signals for the
powder and bulk pellet forms of these samples.

Acknowledgments

T.S.M. acknowledges support from National Research
Foundation of South Africa (NRF) and the University
of South Africa (UNISA). V.V.S. acknowledges partial
support from UNISA, South Africa, SPCC project and
NRF, South Africa grant, competitive program for rated
researcher NRF grant (CPRR14080586881 and grant No.
93519).

References

[1] V.V. Srinivasu, S.E. Lofland, S.M. Bhagat,
J. Appl. Phys. 83, 2866 (1998).

[2] V.V. Srinivasu, S.E. Lofland, S.M. Bhagat, H. Ghosh,
S.D. Tyagi, J. Appl. Phys. 86, 1067 (1999).

[3] R. Valenzuela, G. Alvarez, H. Montiel, M.P. Gutier-
rez, M.E. Mata-Zamora, F. Barron, A.Y. Sanchez,
I. Betancourt, R. Zamorano, J. Magn. Magn. Mater.
320, 1961 (2008).

[4] J.C. Aphesteguy, S.E. Jacob, L. Lezama,
G.V. Kurlyandskaya, N.N. Schegoleva, Molecules 19,
8387 (2014).

[5] H. Gavi, B.D. Ngom, A.C. Beye, A.M. Stry-
dom, V.V. Srinivasu, M. Chaker, N. Manyala,
J. Magn. Magn. Mater. 324, 1172 (2012).

[6] J. Lee, J. Kim, K.H. Kim, Phys. Status Solidi A211,
1900 (2014).

[7] S.J. Lee, C.C. Tsai, H. Cho, M. Seo, T. Eom, W. Nam,
Y.P. Lee, J.B. Ketterson, J. Appl. Phys. 106, 063922
(2009).

[8] H. Montiel, G. Alvarez, I. Betancourt, R. Zamorano,
R. Valenzuela, Appl. Phys. Lett. 86, 072503 (2005).

[9] H. Montiel, G. Alverez, M.P. Gutierrez, R. Zamorano,
R. Valenzuela, IEEE Trans. Magn. 42, 3380 (2006).

[10] J.F. Felix, L.C. Figueiredo, J.B.S. Mendes, P.C. Mo-
rias, C.L.L. De Araujo, J. Magn. Magn. Mater. 395,
130 (2015).

[11] T.S. Mahule, V.V. Srinivasu, J. Das, Solid State Com-
mun. 243, 60 (2016).

http://dx.doi.org/10.1063/1.367002
http://dx.doi.org/10.1063/1.371146
http://dx.doi.org/10.1016/j.jmmm.2008.02.008
http://dx.doi.org/10.1016/j.jmmm.2008.02.008
http://dx.doi.org/10.3390/molecules19068387
http://dx.doi.org/10.3390/molecules19068387
http://dx.doi.org/10.1016/j.jmmm.2011.11.003
http://dx.doi.org/10.1002/pssa.201330451
http://dx.doi.org/10.1002/pssa.201330451
http://dx.doi.org/10.1063/1.3204648
http://dx.doi.org/10.1063/1.3204648
http://dx.doi.org/10.1063/1.1861959
http://dx.doi.org/10.1109/TMAG.2006.879074
http://dx.doi.org/10.1016/j.jmmm.2015.07.061
http://dx.doi.org/10.1016/j.jmmm.2015.07.061
http://dx.doi.org/10.1016/j.ssc.2016.06.004
http://dx.doi.org/10.1016/j.ssc.2016.06.004

