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The appearance of antiferromagnetism in layered high-T cuprates
happens simultaneously with the metal-insulator transition. More than
that, in the metallic phase the Fermi surface is large and changes
very little down to doping concentrations, where the transition takes
place. The simplest tight-binding approximation for the planar electron
spectrum leads to the conclusion, that at half-filling of the metallic
Brillouin zone the Fermi surface has the shape of a square exactly
fitting the Brillouin zone in the antiferromagnetic phase. Therefore,
the same, as in semimetals, the start can be done from an artificial
and energetically unfavorable state, where at half-filling the
electrons are “packed” in this square. Then, due to nesting and
exchange interaction, a spin-density wave (SDW) develops, which
makes this state insulating and energetically favorable compared to
the metallic state in a certain range of dopings.
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The phase diagram in the plane of temperature and doping was
calculated. Doping was described by the chemical potential. The
phase transition from the insulating anti-ferromagnetic phase to a
metallic paramagnetic phase proved to be a second order transition
at small dopings and a first order transition at larger ones. The
connection between the chemical potential and measurable physical
properties was analyzed. In the metallic phase it defines, as usual,
the volume enclosed within the Fermi surface, which is always large.
In the insulating phase it defines the energy gap for thermal
excitations. Next, the role of disorder was studied. It was shown that
disorder reduces the antiferromagnetic region at the phase diagram
but qualitatively does not change the nature of the transitions,
namely, second order at smaller dopings and first order at larger
ones.
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Staggered  magnetization v, as
function of reduced temperature
t=T/Ty, for different values of m

Value of the staggered magnetization
(reduced order parameter v=V/Ty,) at
the transition point

Due to the large density of states above the gap in the insulating
phase the quantity of excited quasiparticles at finite temperatures will
be large. Therefore an interesting phenomenon is predicted. At low
frequencies the insulating phase reflects electromagnetic radiation,
like a metal, whereas at somewhat higher frequencies it becomes
transparent. The threshold frequency was calculated, as function of
doping and temperature. It must be in the low infrared. A similar
phenomenon was predicted by the present author in semimetals, and
it was observed experimentally

The reduced transparency threshold
frequency Q=w,/ Ty (solid line) and the
reduced gap 2v=2V/Ty, (dashed line) as
function of reduced temperature t=T/Ty,
for several values of m.
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' This theory explained two other unusual phenomena. One was found
02 : in NMR experiments: appearance of antiferromagnetic “bubbles”
’ 1 around Zn, Ni and Li impurities in the metallic phase. The other, found
: m in neutron diffraction experiments, was the existence in the metallic
°0 0z 04 06 08 » * 12 4 phase of the same spin ordering, as in the antiferromagnetic phase,
' ’ ’ ’ but with a 100 times smaller staggered magnetization. The first of
tThe Neetl ‘e“;Peramed tN:_TN)/TSo as f“?Ctiﬁm Oftd"_Pi';gb(Tgf -ﬂ:f Nedel these phenomena is due to the excess positive charge of the impurity
emperature Ior zero doping). Doping 1S characterize 'y the reduce . . . .
chemical potential m=u/Ty,. The dashed line is the boundary (tricritical !ons causmg the repu.IS|on of hoIes.lThe second is due to the
point) between the second order (small m) and first order (large m) inhomogenity of doping concentration and appearance of
transitions. underdoped “patches”.
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