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In thi s w or k w e demonstr ate an app licati on of Farada y rotation for

measurin g an extremely small Zeeman splitting of an Mn related absorption
line placed at 1.417 eV in optical absorption spectrum of Mn and Mg doped
galliu m nitride . A nalysis of the collected spectra allow ed us to determine the
value of the splitting as equal to 0 :1 2 Ï 0 :01 meV at 6 T . T his data should

help in establish ing the nature of the observed absorption band.
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1. I n t rod uct io n

Faraday rota ti on can be used f or a preci se analysis of magneti c Ùeld induced
vari ati on of sharp absorpti on l ines, both in energy positi on (Zeeman spli tti ng) and
in intensi ty [1]. In thi s work we demonstra te an appl icati on of the Faraday rota ti on
for m easuri ng an extrem ely small Zeeman spli tti ng of a sharp Mn related infrared
l ine in opti cal absorpti on spectrum of GaN:Mn, Mg , occurri ng in a m oderate Ùeld
of a few tesla.

2. Sam p le an d exp er im ent

Single GaN:Mn, Mg crysta l was grown by equi l ibri um high pressure techni que
from ni tro gen soluti on in l iqui d gal lium . Ma nganese and magnesium were added

(695)



696 A. W o¤oƒ et al.

into gall ium duri ng growth. Secondary ion m assspectroscopy (SIMS) analysis de-
term ined content of m agnesium as equal to about 0.1% and content of manganese
below 0.001%.

T ransmission and Faraday rota ti on were measured in a standard setup wi th
the sampl e m ounted stra in- free in a superconducti ng m agnet and im mersed in
superÛuid hel ium . To obta in each Faraday rota ti on spectrum a series of tra nsmis-
sion spectra was measured for vari ous positi ons of the polari zer placed in f ront of
the spectrograph (Fi g. 1). Faraday rota ti on was determ ined by Ùtti ng parabolas
(Fi g. 2) to the dependence of the tra nsmi tted light intensi ty on the analyzer angle
in the vi cini ty of the m inimum tra nsmission, as described in R ef. [1].

Fig. 1. Idea of Faraday rotation determination by measuring a series of transmissio n

spectra at di˜erent positio ns of the analy zer.

Fig. 2. Determination of the Faraday rotation spectrum by Ùnding transmission min -

ima vs. rotation angle.

The analysis of the spectra was based on the relati on between the logari thm
of the tra nsmission and the doubl ed phase of the tra nsmi tted light [1], representi ng
respect ively the real and imaginary part of the sam e analyti c functi on.

3. R esul t s an d an al ys i s

Near inf rared absorpti on spectrum of the sam ple is presented in Fi g. 3. A
sharp zero-phonon line (ZP L) at 1.417 eV energy is fol lowed by structures tha t
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Fig. 3. N ear inf rared absorption spectrum of GaN :Mn, Mg.

reÛect phonon density states of gal l ium ni tri de. Ori gin of the presented band is not
ful ly establ ished yet. It has been pri m ari ly attri buted to pho toioni zati on tra nsi ti on
from GaN valence band to bound Mn acceptor state [2]. Cha racter of the band is
however typi cal of intra -impuri t y tra nsi ti on of tra nsiti on m etal ions observed in
GaN [3{ 5]. Thus an interna l tra nsiti on wi thi n d shell of Mn ion cannot be excluded
as the ori gin of the band.

Fig. 4. T ransmission in the range of zero- phonon absorption line (p oints ) with a

Lorentzian Ùt (solid line).

In Fi g. 4 tra nsmission spectrum of GaN: Mn, Mg in energy range of ZPL
to gether wi th a Lorentzi an Ùt is presented. Lorentzi an Ùt wi th a parabol ic back-
ground repro duces wel l the spectrum , accordi ng to the equati on

ln ( I ( ! )) = A R e
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The determ ined values of the am pl i tude ñhA , resonance energy ñh! 0 and HW HM
wi dth ñhÛ are given in the onset of Fi g. 4. They were used subsequentl y for the
analysis of the rota ti on spectrum , measured at 6 T (Fi g. 5).
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Fig. 5. Faraday rotation spectrum of the zero- phonon line. Lorentzian Ùt (solid) of the

experimental data (p oints) pro duces Zeeman splitting value of 0.12 meV .

In pri ncipl e, three possible sources of the Faraday rota ti on related to a given
absorpti on l ine can be disti ngui shed, nam ely di ˜erences between i ts two circul arl y
polari zed com ponents in energy (Zeeman e˜ect), in intensi ty , and/ or in wi dth. As
pointed out in R ef. [1], for a symm etri c l ine, the Zeeman mechanism pro duces
also a sym metri c rota ti on spectrum , wherea s the two other m echanisms lead to
asym m etri c, di spersive typ e shapes. W e found tha t the m easured rota ti on spectra
can be wel l described by the sym metri c Zeeman typ e shape, theref ore we exclude
the other mechani sms from the interpreta ti on. The experim enta l Faraday rota ti on
spectrum was Ùtted wi th the expression
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using the l ine parameters determ ined previ ousl y from the zero-Ùeld tra nsmission
spectrum (al lowing a slight readjustm ent of ! 0 for the shift in m agneti c Ùeld).
A parabolic background F ! 2 + G wa s also al lowed. The expression was obta ined
assuming a Zeeman spl itti ng into two com ponents of opposite circul ar polariza-
ti ons, separated by Â ! m uch smal ler tha n the l ine wi dth. The factor 1/ 4 resul ts

Fig. 6. Direct absorption experiment in magnetic Ùeld 6 T reveals Zeeman splittin g of

the zero- phonon line of about 0.13 meV .
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from taki ng into account the fact tha t the rota ti on angle is equal to hal f of the
phase shift between the two com ponents. A good Ùt was obta ined, yi elding Zee-
m an spli tti ng value ñh Â ! = 0 : 1 2 m eV, indeed much smal ler tha n the l ine wi dth.
Thi s result is consi stent wi th di rect observati on of the spli tti ng between the two
ci rcul ar components (Fi g . 6).

4 . Co n cl usion s

Faraday rota ti on exp eriment combi ned wi th di rect absorpti on m easurem ents
perform ed on a GaN: Mn, Mg bul k crysta l al lowed us to reveal a very smal l inÛuence
of the m agneti c Ùeld on a zero-phonon l ine at 1.417 eV. Assum ing a doubl et
structure of the l ine we obta ined a value of 0 : 1 2 Ï 0 : 0 1 m eV for i ts Zeeman spli tti ng
at 6 T. Thi s data should help in establ ishing the nature of the observed absorpti on
band.
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