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6.1 HTIL—FUURK

c subroutine bondlength: compute bond-length distribution function

c subroutine correlate : compute particle-particle correlation function and
c radial distributon function

c subroutine crystal : assigne tight-binding and repulsive potential parameters
c subroutine dosenergy : compute total electronic density of states

c subroutine feynman : compute Hellmann-Feynman forces

c subroutine htb : compute and diagonalizes the tight-binding matrix;
c compute band-structure energy

c subroutine init_pos : assigne initial positions

c subroutine init_vel : assigne initial velocities

c subroutine md : molecular-dynamics loop

c subroutine meandisp : compute the atomic mean square displacement

c subroutine nearangle : compute bond-angle distribution function and

c atomic coordination number

c subroutine repuls : compute repulsive energy and forces

c subroutine temper : compute temperature

6.2 HYJIL—F>MD

(s st et e e e ek ek ok ok ook ks e sttt ke ko ok ok ok ks e s e e e
subroutine md(itype)
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c RELEASE TBMD.2.0

c Last revision: November 21, 1996
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c Contact author: Luciano Colombo

c e-mail: colombo@mi.infn.it
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c

c Subroutine MD updates atomic positions, velocities and accelerations
c according to the velocity Verlet algorithm.

c

c Variables (see also main program for futher information)

c

c - x/y/z(1) : position of the i-th atom

c - vx/y/z (i) : velocity of the i-th atom

c - ax/y/z(i) : acceleration of the i-th atom

c - ax/y/zo0ld(i) : acceleration of the i-th atom at the previous step
c - xx/yy/zz(i,J) : relative position of the j atom to the i atom

c - rr2(i,j) : squared relative distance of j-th to i-th atom

c - frepx/y/z(i) : repulsive force for the i-th atom

c (reduced units : eV/A= 1.602177e-4 dyne)

c - fhfx/y/z(i) : Hellmann-Feynman force for the i-th atom

c

(reduced units : eV/A= 1.602177e-4 dyne)
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C
C
C

- ftotx/y/z(i) : total force for the i-th atom
(reduced units : eV/A= 1.602177e-4 dyne)
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C
C
C
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Include files

include ’param.inc’
include ’pos.inc’
include ’vel.inc’
include ’acc.inc’
include ’dist.inc’
include ’latt.inc’
include ’tb.inc’
include ’frep.inc’
include ’fhf.inc’
include ’ftot.inc’
include ’erg.inc’
include ’eigen.inc’
include ’func.inc’
include ’1lst.inc’
include ’simul.inc’
include ’start.inc’

real*8 ax(n), ay(n), az(n)
Evolution of the system according to ’VELOCITY VERLET’ algorithm

do 1 i=1,n
x(i)=(x(i)+ dt*vx(i) + dtsqr*axold(i))
y(i)=(y(i)+ dt*vy(i) + dtsqr*ayold(i))
z(i)=(z(i)+ dt*vz(i) + dtsqr*azold(i))

x(i)=x(i)-cell*(dint (x(i)/cell+1.d0)-1.d0)

y(1)=y(i)-cell*(dint (y(i)/cell+1.d0)-1.4d0)

z(i)=z(i)-cell*(dint (z(i)/cell+1.d0)-1.d0)
continue

do 2 i=1,n
do 3 j=1,n
xx(j,i)= 0.d0
yy(j,i)= 0.d0
zz(j,i)= 0.d0
rr2(j,i)= 0.d0
continue
continue

Calculation of the relative position and of the relative
squared distance of any atom to the nearest image of any other
one, according to periodic boundary conditions.

do 4 i=1,n

do 5 j=i+l,n
xx(i,j)= x(§)-x(1)
xx(i,j)=xx(i,j)-cell*(dint ((xx(i,j)/cell2+3.d0)/2.d0)-1.d0) JAHIBERSEM: x
yy(i,j)= y(G)-y(i)
yy(i,j)=yy(i,j)-cell*(dint((yy(i,j)/cell2+3.d0)/2.d0)-1.d40) 'JAMBERSM: v
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zz(i,j)= z(j)-z(i)
zz(i,j)=zz(i,j)-cell*(dint ((zz(i,j)/cell2+3.d0)/2.d0)-1.40) JAHIBERSEM: 2
rr2(i,j)= xx(i,j)**2 + yy(i,j)**2 + zz(i,j)**2 VR HEED —F

xx(j,1)=-xx(i,j)
yy(j,1)=-yy(i,j)
zz(j,1i)=-2z(1,j)
rr2(j,i)= rr2(i,j)
continue
continue

Compute Verlet list ! book-keeping U R hDFHH

do 10 i=1,n
ilst=0
jlst=0
do 20 j=1,n
if (i .eq. j ) goto 20
if ( rr2(i,j) .gt. cutoff ) goto 20
ilst=ilst+1
list(i,ilst)=j
if (i .gt. j ) goto 20
jlst=jlst+1
list1(i,jlst)=j
continue
nlst(i)=ilst
nlst1(i)=jlst
continue

Compute repulsive forces

call repuls(itype) ! HEARRT T ¥ VOFHA

Compute and dizgonalizes tight-binding hamiltonian matrix.

call htb VEA INAL T4 ININ =T ATHIOR L 2 D541
Compute of Hellmann-feynman forces

call feymman !~bwl Ty Ar~r)) (REWED) OFHE

do 8 i=1,n

Compute total forces and accelerations

ftotx(i)= frepx(i) + fhfx(i)
ax(i)= ftotx(i)/mass

ftoty(i)= frepy(i) + fhfy(i)
ay(i)= ftoty(i)/mass

ftotz(i)= frepz(i) + fhfz(i)
az(i)= ftotz(i)/mass

Update velocities

vx(i)= vx(i) + dthalf * (ax(i) + axold(i))



vy(i)= vy(i) + dthalf * (ay(i) + ayold(i))
vz(i)= vz(i) + dthalf * (az(i) + azold(i))

Store accelerations
axold(i)= ax(i)

ayold(i)= ay(i)
azold(i)= az(i)

c
8 continue
c
c Compute istantaneous temperature
c

call temper
c

return

end

6.3 HYJJIL—F> htb

subroutine htb
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c RELEASE TBMD.2.0
c Last revision: November 21, 1996
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c Contact author: L. Colombo
c e-mail: colombo@mi.infn.it
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Subroutine HTB computes and diagonalizes the tight-binding hamiltonian
matrix.
LAPACK library for matrix diagonalization is used.

Optimized use of memory

The actual dimension of the hamiltonian matrix to diagonalize
are set to (n4+1,n4+1). This allows for avoiding bank conflicts
The extrac line and column of h is filled by zero matrix entries,
but for the (n4+1,n4+1) element: it is set equal to 100.dO,

i.e. a number well outside the typical energy spectrum of the

TB matrix.

O o0 o0 o000 00000000
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c

c Include files.

c
include ’param.inc’
include ’dist.inc’
include ’eigen.inc’
include ’latt.inc’
include ’tb.inc’
include ’func.inc’
include ’1st.inc’
include ’erg.inc’
include ’potz.inc’

c
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integer lwork,info
parameter (lwork=34*(n4+1))

real*8 xxn, yyn, zzn, rr2n, rrn
real*8 scalel, scale2, scale3, scale4d
real*8 etot

real*8 work(lwork)

character*l jobz,uplo

do 10 il1=1,n4+1
do 20 i2=1,i1-1
h(i2,i1)=0.d0
continue
continue
h(n4+1,n4+1)=100.d0

Compute hamiltonian matrix

do 100 i=1,n
i43= 4%i-3
i42= 4%i-2
i41= 4x*i-1
140= 4%*i

do 200 ji=1,nlst1(i)
j= list1(i,ji)

j43= 4xj-3
j42= 4xj-2
j41= 4xj-1
j40= 4%j

rr2n= rr2(i,j)
rrn= dsqrt(rr2n)

xxn= xx(i,j)/rrn
yyn= yy(i,j)/rrn
zzn= zz(i,j)/rrn

Scaling functions for hopping integrals

NIV =T UATHNEBZEDT- DDA r—1Y v 7Bk (IR )

scalel= (rO/rrn)**2 * ! h {ss o}

dexp( 2.d0 *(-(rrn/rcl)**encl + (rO/rcl)**encl))
scale2= (r0/rrn)**2 * ! h_{sp o}

dexp( 2.d0 *(-(rrn/rc2)**enc2 + (r0/rc2)**enc2))
scale3= (rO/rrn)**2 * ! h {pp o}

dexp( 2.d0 *(-(rrn/rc3)**enc3 + (r0/rc3)**enc3))

scaled4= (rO/rrn)**2 *
dexp( 2.d0

h(i43,j43)= sss
h(i43,j42)= sps
h(i43,j41)= sps
h(i43,j40)= sps

' h {pp n}
*(-(rrn/rc4)**encd + (r0/rc4d)**encd))

scalel ! h {ss o}

xxn * scale2 ! h_{sp o}r_{ijx}/r_{ij}
yyn * scale2 ! h_{sp o}r_{ijy}/r_{ij}
zzn * scale2 ! h_{sp o}r_{ijz}/r_{ij}

h(i42,j43)= - h(i43,j42)

10



¢ h {pp otr_{ijx}"2/r_{ij}"2 + h_{pp m}*(1-r_{ijx}"2/r_{ij}"2)
h(i42,j42)= ( pps * scale3 * xxn**2 +
* ppp * scale4 * ( 1.d0 - xxn**2 ) )

c ((ippo} - h{pp n}) r_{ijx}/r_{ij} r_{ijy}¥/r_{ij}
h(i42,j41)= ( pps * scale3 - ppp * scaled ) * xxn * yyn
h(i42,j40)= ( pps * scale3 - ppp * scale4 ) * xxn * zzn

c
h(i41,j43)= - h(i43,j41)
h(i41,j42)= h(i42,341)

c
h(i41,j41)= ( pps * scale3 * yynx*2 +

* ppp * scale4 * ( 1.d0 - yyn**2 ) )
h(i41,j40)= ( pps * scale3 - ppp * scale4 ) * yyn * zzn

c
h(i40,j43)= - h(i43,340)
h(i40,j42)= h(i42,j40)
h(i40,j41)=  h(i41,3j40)

c
h(i40,j40)= ( pps * scale3 * zzn**2 +

* ppp * scale4 * ( 1.d0 - zzn**2 ) )

c

200 continue

c

h(i43,i43)= ess ! XA
h(i42,i42)= epp
h(i41,i41)= epp
h(i40,i40)= epp
c

100 continue

Diagonalization
jobz="V’
uplo=U’ stk TA—Fr iR Y v 7 2 )
call dsyev(jobz,uplo,n4+1,h,nd+1,eval,work,lwork,info)
c hIZIXER N7 bv, eval IKIXEFEB RIS,
etot = 0.40
c
c Compute the statistical weight for any energy level.
c Zero-temperature Fermi-Dirac distribution is assumed.
c
do 31 i=1,n4+1
if (i.gt.n4/2) then
occup(i) = 0.d0 !’BOIEZENTVS
else
occup(i) = 2.d0 !'PHEFEE-oTVB
end if
31 continue

Compute band-structure energy
do 30 i=1,n4+1
etot = etot + eval(i)*occup(i) HEWZ XX (HAE) LY Z2F22HTL

30 continue

Compute band-structure energy per atom

11



ebstot = etot / dfloat(n)

return
end
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