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Lithium ferrite (LiFe
5

0
8

) is a very promising magnetic material1 ' 2 

for use in computer memory systems. It is ferrimagnetic and has an 

inverse spinel structure. Electrical conductivity which is directly 

related to power loss of the system during use is an important physical 

property. The electrical conduction of lithium ferrite has not been 

1 1 d fi d R d i . . d J-S f f h c ear y e ne • eporte res st1v1ty ata vary rom a ew o m-cm to 

values many orders of magnitude higher. The primary problem in defining 

the electrical properties of lithium ferrite is the difficulty in con-

trolling the sample composition during processing. Lithium ferrite loses 

both oxygen and lithium during sintering. 1 •2 •6 In this laboratory, a 

ki d h · 7 •8 d i 1 f h . f PZT pac ng pow er tee n1que use extens ve y or t e process1ng o 

ceramics was employed to control the material loss from lithium ferrite 

during sintering. The purpose of this investigation was to determine 

the D.C. resistivity of polycrystalline lithium ferrite as a function of 

stoichiometry and temperature. 

In order to make a series of samples with known deviation from the 

stoichiometric composition, LiFe
5
o8 powder was mixed with proper propor

tions of LiFe0
2 

or Fe
2
o

3 
powder, ball milled and dried. The powder was 

then pressed into disks and sintered at 1150°C for two hours in 1 atmo-

8 
sphere o

2 
using LiFe

5
o

8 
as a packing powder. Densities of all specimens 

were above 98% of the theoretical density. 
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DC bulk resistivity was measured by using a guard ring method. 

Sputtered gold electrodes were used to insure ohmic contact. The contact 

resistance was negligible. Thermoelectric power measurements were made 

to determine the type of charge carrier contributing to the conduction 

.. process. Measurements were made from room temperature to 300°C. The 

surfaces of all the sintered samples were ground to a depth sufficient 

to eliminate any inhomogeneity due to surface reactions before electrodes 

were applied. 

The influence of composition on the resistivity of LiFe
5
o

8 
at dif

ferent temperatures is shown in Fig. 1. Resistivity always drops while 

moving from the LiFe02 doped region into the Fe2o
3 

doped region. This 

i d h · · . F +2 h h d 1 . s ue to t e 1ncreas1ng e content on t e octa e ra s1tes. Because 

both Fe+2 and Fe+j are in octahedral sites, electron hopping from Fe+2 

+3 to Fe acts as the primary charge transfer process. While moving from 

the Fe deficient region (LiFeo2 doped) into the Fe excess region (Fe2o
3 

' +2 
doped), more Fe ions are created and contribute to charge transport. 

The resistivity decreases with increasing Fe2o
3 

in the composition. 

Measurement .of the thermoelectric voltage showed that electron conduction 

dominated in all samples. This is consistent with n-type charge carriers 

due to the Fe+2 ions. The resistivity value increases while moving away 

from the near stoichiometric region for Fe2o3 doped samples. This is 

probably due to a second phase developing or disordering. 9 Fe+2 on 

the octahedral site tends to introduce disorder into the system. This 

disorder may decrease the mobility of the charge carrier and thus increase 

the resistivity. 
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In Fig. 2 all the resistivity data at a given temperature ,,,ere 

normalized to that of the stoichiometric composition at that temperature. 

For a single type of charge carrier, the conductivity is proportional to 

the product of the concentration of the charge carrier and its mobility. 

,The concentration of the charge carrier (Fe+2) for a particular compo-

sition should remain constant in the temperature range where the measure-

ments were made. The shift of the curve with temperature as shown in 

the figure is clearly an influence of the mobility term. 

The temperature dependence of the resistivity for various compo-

sitions is shown in Fig. 3. The resistivity decreases with increasing 

temperature. Normalization of all the resistivity data of a fixed com-

position with the room temperature resistivity should indicate only the 

mobility effect. As shown in Fig. 3, mobility divided by temperature 

follows an exponential relation with temperature which is similar to the 

mobility expression10 proposed for charge carrier hopping among like ions 

in the inverse spinel ferrite CoFe2o
4

. The activation energy of mobility 

for each composition (as shown in Fig. 4) was calculated from the data 

in Fig. 3. It is shown that the activation energy does not change sig-

nificantly through the stoichiometry region, which clearly indicates 

that the conductivity change through that region is primarily due to the 

change in car.rier concentration. In fact, the conductivity appears to 

increase linearly with the amount of dopent in the near stoichiometric 

region as shown in Fig. 1 

In summary, data have been presented to show the influence of 

stoichiometry (which affects the carrier concentration) and temperature 

(which affects ·the carrier mobility) on the DC resistivity of lithimn 
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ferrite. The exponential temperature dependence of the electrical 

resistivity is in good agreement with the electron hopping model. The 

electrical conduction occurs by thermally activated electron hopping 

+2 +3 between the octahedral Fe and Fe • 

ACKNOWLEDGMENTS 

The writers are indebted to Dr. G. Bandyopadhyay for sample fabri-

cation and many helpful discussions. 

This.work was supported by the U. S. Energy Research and Development 

Administration. 

. ' ~ 

'·' 



u 5 2 7 

-5- LBL-4151 

REFERENCES 

1. A: J. Po in ton and R. C. Saul!, "Solid State Reactions in Lithium 

Ferrite," J. Am. Ceram. Soc., 52 [3] 157-60 (1969). 

2. D. H. Ridgley, H. Lessoff, and J. D. Childress, "Effects of Lithium 

and Oxygen Losses on Magnetic and Crystallographi~ Properties of 

Spinel Lithium Ferrite," ibid, 53 [6] 304-11 (1970). 

3. Eizo Kato, "Phase Transition of Li20-Fe2o
3 

System: II," Bull. Chem. 

Soc. Jap., 31 [1] 113-17 (1958). 

4. F. F. Y. Wang, R. L. Gravel, and M. Kestigian, "Effect of Heat 

Treatment on Electrical Resistivity of Lithium Ferrite," IEEE Trans. 

Magn. i [1] 55-58 (1968). 

5. N. Rezlescu, D. Condurache, P. Petrariu and E. Luca, "Resistivity 

and Curie Point of Li-Zn Ferrite~?," J. Am. Ceram. Soc., 57 [1] 40-41 

1974. 

6. G. Bandyopadhyay and R. M. Fulrath, "Thermogravimetry of Lithium 

Ferrite Spinel," ibid,~ [11] 483-486 (1974). 

7. R. B. Atkin, Ph.D. Thesis, Univ.of California, Berkeley, Calif. 1970. 

8. G. Bandyopadhyay and R. M. Fulrath, "Processing Parameters and 

Properties of Lithium Ferrite Spinel," J. Am. Ceram. Soc., 2._ [4] 

182-186 (1974). 

9. I. G. Austin and N. F. Mott, "Polarons in Crystalline and Non-

Crystalline Materials," Advan. Phys., 18 [71) 41-102 (1969). 

10. G. H. Jonker, "Analysis of Semiconducting Properties of Cobalt 

Ferrite," J. Phys. Chern. Solids, 9 [2] 165-75 (1959). 



-6-
LBL-4151 

FIGURE CAPTIONS 

Fig. 1. The influence of composition on the resistivity of LiFe
5
o

8 
at 

different temperatures. 

Fig. 2.· Normalized resistivity of LiFe
5
o

8 
as a function of composition. 

pb indicates the bulk resistivity. 

Fig. 3. Normalized resistivity for various compositions of LiFe
5
o

8 

versus temperature. pb is the bulk resistivity at temperature 

p is the bulk resistivity at room temperature T • 
0 0 

Fig. 4. Activation energy for mobility of charge carriers as a function 

of composition. 
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disclosed, or represents that its use would not infringe privately 
owned rights. 



TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 
UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 




