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ABSTRACT

Various energy levels caused by micro-structural defects
such as dangling bonds of silicon or oxygeﬁ stoms, oxygen
vacancies and impurity atoms (H, OH, Cl and F) at the interface
between amorphous SiO, and the crystalline Si substrate, and in
the SiO, film are calculated ‘based on Green's function
formulation and the parameterized tight-binding Hamiltonilans
for Si and O. The extended Huckel theory in which overlap
integrals are not included is used to calculate Hamiltonians
for H, Cl and F.

The major results are as follows. (1) The perfect
interface and the interface with oxygen dangling bonds do not
have a energy lével in the Si bandgap, whereas Si;=Si- dangling
bbnd and oxygen vacancy at the interface have. (2) This
dangling bond level moves out from the Si bandgap with bonding
any of H, OH, Cl and F. This corfesponds to the annealing
behavior of the interface trap states. (3) Si-Si weak bond,
Si-Si weak interaction, Si-O weak bond, Si-0 weak interaction
at the interface give rise to 1localized states in the Si
bandgap whose energy vary by changing the geometrical configur-
ation of the chemical bonding such as the bond length and the
bond angles. These are thought to be possible origins of
interface states continuously distributed 1in energy. (4)

Amorphous SiO: without Si dangling bonds or oxygen vacancies



has no localized level in the Si0, bandgap, even if the Si-0-8i
bond angle 1s varied in a wide range. (5) The Si dangling bond
and Si-Si bond in Si0, cause gap states. These states can be

origins of neutral traps in the S1i0,.
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CHAPTER 1. INTRODUCTION

Silicon ié widely used for electronic devices and its
oxide, especially Si0O, , also takes an imporéant role in the
recent semiconductor electronics as protecting layers of
silicon ICs and insulators of MOSFETs. So that great amount of
activities have been‘ carried out on the Si-Si0. system but
there still remains some problems about the Si-S3i0> interface
trap states and SlOz bulk traps.

The trap states at the Si-Si0O. interface are important in
controlling the threshold voltage Vth, transconductance and
flicker noise of MOS transistors. Although MOS technology has
made possible to reduce the density of the Si-Si02 interface-
states, there typicelly remains a resudual density of the
interface states between lO" and 10.'2 [cm ]

On the other hand, the SiO, bulk traps have much to do
with a "hot electron injection problem". Recently, the size of
MOS devices in ICs becomes very minute, and as a result, the
doping ‘density becomes higher due to the "scaling theory"

Consequently, the electric fieid near the Si-Si0; interface
increases to the point where the electrons are accelarated by
the field and injected into the Si0, layer. The injected
electrons. are then trapped by the S5i0; bulk traps and shift the
threshold voltage. This gives rise to the instability of MOS
devices and is considered to be a technological problem. Since

the SiO, bulk traps are much generated by the electron beam



lithography, ' the "hot electron injection problem" severely

.limits the design of VLSI.
However, the microscopic origins of the Si-SiO. interface

states and SiOé neutral traps are not yet understood clearly.

The purpose of this research 1is to obtain the theoretical
background of the microscopic origins of these traps. In this
thesis the following items are discussed. (1) The calculation
method to treat the -electronic strﬁcture of crystalline
Si-amorphous SiO:. .interfaces and bulk amorphous Si0O, with or
without microscopic structural disorders such as defects and
impurities, has been developed based on tight-binding Hamilton-
ians and Green's function formulation. (2) This method has‘
been applied to the real system with varying physical paramete-
rs such as bonding lengths and bonding angles in a wide range.

(3) According to the results of the calculaéion, the possible
~origins of the S8Si-SiOz 1interface ¢trap states continuously
distributed 1in energy and the SiO; bulk traps are proposed.
Theoretical explanation of the annealing behaviors of these
traps are also discussed.

Chapter liof this thesis 1s dedicated for the determinati-

on of the tight-binding parameters for silicon. Chapter 2
describes the Extended Huckel Theory which is used for the
impurity problems in this work. Chapter 3 is dealing with the
Green's function formulation aS a general tool for calculating
the electronic structures of solids and some applicatlons of

this method are described in this chapter. In chapter 5, the




) calculation method for the interface problem and the calculated
results are given together with the possible models of the
interface +trap states and their annealing.behavior. The
bonding defects in amorphous SiO, are discussed in chapter 6.
Chapter 7 is dedicated for general conclusions. Appendix A,
B, and C treat the computer programs used in this work, the
measurements of SiO, bulk traps, and the useful tables and

figures, respectively.
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- CHAPTER 2. SINGLE CRYSTALLINE SILICON SUBSTRATE

SECTION 2-1. INTRODUCTORY REMARK

In this chapter the determination of a new set of
tight-binding interaction parameters for silicon is described.
In order to calculate the electronic structures of solids, the
first thing to do is to set up Hamiltonians. The basis of the
Hamiltonian can be plane waves, orthogonalized plane waves,
muffin-tin orbitals, or atomic orbitals. Since the interface
problems which this work deals with is itself complex, one
electron Hamiltonian together with atomic orbitals as a basis
set (Linear Combination of Atomic Orbitals or tight-binding4
'method) has been adopted because the tight-binding method is
the most simple and flexible, but nevertheless it is known that
this method can describe the various électronic properties of
solids satisfactorily if the parameters in the tight-binding
method are properly chosen. The interaction parameters in the
simple tight-binding method, which can be regarded as resonance
integrals or hopping integrals, are usually determined so as to
fit the calculated band structure to the experimental results
and the band structure calculated by the pseudopotential
method. As for <the interaction parameters for Si several
authors have published the parameters, but the agreement of the
band structure calculated by using previously published parame-

~
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tersg ‘7with the band structure which was experimentally known




_and calculated by the pseudopotential method is not necessarily
satisfactory, so that the parameters up to 2nd nearest neighbor
inte;acﬁions have been determined to improve the results.

In this chapter, firstly, the tight-binding method is
described briefly and then the fitting procedure is mentioned

which is followed by the results and discussions.

SECTION 2-2, TIGHT-BINDING METHOD

The Schrodinger egation for one electron is expressed as
o = €nPn Eg. 2-2-1
,where ¥ is a Hamiltonian, ¥Yn is the eigen function belonging
to an eigen value €n. In the tight-binding method, Yn is
expanded by atomic orbitals ¥j's as
W, = chj‘ ¥ Ej 2-2-2
Then, substituting eq. 2-2-2 into eq. 2-2-1, multiplying Y{
from the left and integrating over the space coordinate
(including spin coordinate if spins are taken into considerati-

on), we have

H\&h>=enSxen>_ 53'2-2-3
. yWhere | |

Hi)'%fff;{ 'YOJ.OL)K; | Eg. 2-2- Y
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In the simple tight-binding method, Sij is set equal to dij.
This means that Sij (i¥J) 1is neglected or that the atomic
orbitals are»‘orthogonalized by the Lowdin method .’ The
distinction between these two 1interpretations i1s not made
clear, but the assumption of Sij=5ij is generally used quite
flexibly. The resulting equation is

Hien> = €nlén> | EZ. 2-2-7
In the simple tight-binding method, the resonance integral,
Hij, 'is considered as a parameter which is to be determined so

as to reproduce the experimentally known band structure of a

crystal solid. Since Hij 1s usually a rapidly decreasing

function on the distance of the orbitals i and j, Hij between

two distant orbitals are set equal to zero. Here, it should be
noted that this approximation does not‘mean the éxclusion of
the functions which spread over a large area of the space. For
example, the Bloch orbifals can be constructed within this
approximation. If only the Hij's between the orbitals belonging
to the nearest neighbor atoms (up to the 2nd nearest neighbor
atoms) are taken into account, the approximation is called the
"lst nearest neighbor approximation (2nd nearest neighbor

approximation)".

'SECTION 2-3. FITTING PROCEDURE




The 2nd nearest neighbor approximation is adopted here due
to the reason given in section 2-4, and consequently 10 free
interaction parameters exist. These parameters are the
self-energy of Si s orbital (Es), that of Si p orbital (Ep),
and the 8 resonance integrals which are given in table 2-3-1.

Let the vectors P’ =(P], ce ,Pﬁ)T, E°=(E], -
JEL)T=E(P°), and E'=(EY, ... ,EX)" be the initial values of the
interaction parameters, the initial energy eigen values, and
the true energy eigen values which' are derived from the
experiments and the pseudopotential calculation. New set of
parameters P°+4P° are determined so as to reproduce the true
energy eigen values ET. Using Taylor expansion the problem can
be linearlized in the form as

E(HD°+AP°)~E°+§%§JP°=E". Ef. 2-3-
4P° is calculated from this equation. The algorism is shown in

fig. 2-3-1 as a flowchart. Generally speaking, however, eq.

| 2-3-1 can not be solved uniquely because it takes the form as
10 1
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But 1t <can Dbe solved by using the method of least squares.
This method 1s already enrolled in the program library of
Tokyo university computer center as LESW1.
The fitted elgen values are seven valence band eigen
values derived’from the experiments, six conduction band eigen

values given by the pseudopotential calculation, and three




eigen values of the Si (111) free surface with no relaxation
and no reconstruction calculated by the pseudopotential method
which is in good agreement with the experimental results. The
elgen value problem of the Si free surface is solved by the
method presented in Section 4-4, The fitting procedure is
carried out with the special care to fit the bandgap of 1.12
[eV]. The computer programs used for this fitting (SBFIT

and SBFIT3) are shown in Appendix A.

SECTION 2-4, RESULTS AND DISCUSSIONS

Figure 2-4-1 is the calculated energy band structure of Si

with the new 1interaction parameters determined in this work
together with the energy band structures calculated with the
previously‘published parameters. The values of the parameters
are listed in Table 2-4-1, The free surface states calculated
with ‘various sets of interaction parameters are compared with
one another in Fig. 2-4-2.

Chadi's parameter557are obtained on the basis of the 1lst
nearest neighbor approximation. These parameters can reproduce
the valence band but completely fail to reproduce the conducti-
on band énd the culculated bandgap is 3.41 [eV] as seen in
Table 2-4-2, Dresselhaus and Dresselhaus's (D&D) pafametersSb

show gbod agreement about the bandgap with the experimental




results but the calculated eigen value of the bottom of the
valence band is very different from the true vglue. With Pandey
and ‘Phillips's (P&P) parametersgswhich include 8 non-zero
parameters, the energy band structure can be calculated
correctly except the bandgap whereas the calculated surface
states are not in good agreement with the self-consistent
pseudopotential calculation’ as seen from Fig. 2-4-2.‘

On the other hand, the agreement of the calculated results
by the parameters determined in this work which include 10
non-zero parameters, with the experimental results and the
pseudopotential calculation resultsﬁis satisfactory. Of coufse

the more number of parameters are included, the better fit with

the true values can be achieved. However, the calculation with

many parameters is tedious and sometimes impossible, So that
the 2nd nearest neighbor approximation can be said the best
approximation in dealing with the complex problems such as

interface problems with microstructural disorders.

SECTION 2-5. SUMMARY

~ The interaction parameters for Si are determined within
the 2nd nearest neighbor approximation with a special care to
fit the calculated electronic structdres near the bandgap to
the experimental results and the pseudopotential results. The

calculation with the parameters reproduces the true electronic




band structures of bulk Si and the energy eigen values of the
Si (111) free surfaces satisfactorily, so that the present
parameters can be used in the calculation of the electronic

structures of the Si-Si0O, system.

- ‘ ENERGY
- eVv) 3
B L]
| CALCULATION OF 5§5§ s
. | % PSEUDOPOTENTIAL
. ‘ 55
SOLVE 4p° Tn § EXPERINENTAL
5; AE" t .
% k= E-E = PRESENT HORK
—. DRESSELHAUS AND $%
DRESSELHAUS
NEW PARAMETERS :
= e uap’ N
Frep , ——— PANDEY AND PHILLIPS
parameters?
~a cpapt 7

]

YES -
CONGRATULATIONS
STOP

Figo 2_3—1'

Fitting algorism

L r X

CALCULATED ENERGY BAND STRUCTURE OF BULK
Fig. 2-4-1 SILICON USING TIGHT-BINDINS HAMILTONIAN

In the present work Si bandgap
is calculated to be 1.1 eV which
agrees with the experimental
result. The top of the valence
band is chosen energy zero.
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Table 2-4-1

Tight-binding parameters for silicon. Unit is eV. Notatiocn is standard and

schematically 1llustrated below the table.

s
Es Ep vis Vép Vppo- Vépn. Vss Vép V;ba‘ VSPn.
present  -5.22 0.83 -2.05 2.09 2.33 -0.54 0.084 -0.29 0.47 -0.13
Pe&P> 4,20 0.19 -2.08 2.12 2.32 -0.52 0. 0. 0.58 -0.1
chadi®’  -8.2 1.7  -2.08 2.76 3.13 -0.92 o0. 0. 0. 0
Vss Vsp Vppo Vppr
&Fa >
o° o 0" oo o oo 8""*8
s s s Py b, Py
Es Ep py Py

Superscript 1 and 2 denote 1st and 2nd nearest neighbor interaction respectiﬁely.

ENERGY
[eV]

x  SELF-CONSISTENT *%

‘PSEUDOPOTENTIAL ,/*Ea‘;.__“gt
0 :.//::_.N

—— PRESENT WORK % S
~—-— DRESSELHAUS & , "N
DRESSELHAUS 5 -1
--~  PANDEY &PHILLIPS °*
....... cHADT 7 M -
K

2-dimensional k-vector

Fig., 2=-4-2 81 (111) free surface stdte with no relaxation
o.
and no reconstruction. Calculated results with
the other author's parameters are also shown.

Table 2-4-2. Calculated bandgap

transition| bandgap [eV]
experimental 5 indirect 1.12
present work indirect 1.11
Dresselhaus et éi indirect 1.1
Pandey et a1 indirect 1.40
Chadi %7 . ~ |airect 3.41




CHAPTER 3. EXTENDED HUCKEL THEORY

SECTION 3-1. INTRODUCTORY REMARK

In setting up the Hamiltonlans for the Si-Si0:; system
which includes impurities such as H, Cl, and F, the simple
tight-binding method described in Chap. 2 can not be directly
applied because the electronic band structures of these
materials are not sufficiently known. Therefore, some other
method to calculate the tight-binding Hamiltonian must be
investigated. The Extended Huckel Theory (EHT)ﬁé the Complete
Neglect of Differential Overlap method (CNDO);'  the Indirect
Neglect of Differential Overlap method (INDO)ﬁ’and the Modified
Complete Neglect of Differential Overlap (MINDO) are the
possible candidates for this. The INDO and MIMDO can only treat
the elements up to Ne, that is, they can not treat Si properly.

So that they are omitted. Shimizu et al reported that the band
structure of Si can not be reproduced by the CNDO method
whereas it can be reproduced by the EHT. Taking this result
into consideration, the EHT has been adopted here 1in
caleulating the Hamiltonians of the system including H, Cl, and
F. | |

In Sec. 3-2, the EHT method is explained. Sections 3-3 and
3-4 are dedicated for the applications of this method to

crystalline S10, and to impurities (H, Cl, and F) in the

19
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Si-Si0, system, respectively. Summary comes lastly.

SECTION 3-2. EXPLANATION OF THE METHOD

In the EHT, the 1ij element of the Hamiltonian is

calculated as

Hij=-Ko(i),e¢j? 813 (VOIP14VOIPy)/2 ,  Eq. 3-2-1

Hii=-VOIPi Eq. 3-2-2

swhere VOIPi represents the valence orbitgl lonization potenti-
al of the i-th orbital whose value is listed in Table C-2, &X(i)
denotes the kind of the i-th orbital, say Si3s or Hls,

I(&(f),a(j) is a proprtional constant, and Sij is an overlap
integral ( f ¢%.9jdx ). In calculating Sij, the Slater type

orbital as
Buim (v, 6, Fy=Nrle 5" Y, (6, 6) g, 3-2-3

is chosen as a basis. In Egq. 3-2-3, n, 1, and m are principal,

azimuthal, and magnetic quantum number, respectively, N denotes

normalization factor, grﬂ. is a parameter which is given in
Table C-1, and Yim(8,$) represents a spherical harmonic
function. The calculation method of the overlap integrals

13




between two Slater type orbitals is given in Ref. ¢1,62

The EHT was first successfully used for the organic
materials including C, K, and O by Hoffmann in 1963°and
afterwards great many applications are reported in the field of
chemistry. The basis of the EHT approximation was given by
Blyholder and Coulsonéﬁs follows. The LCAO molecular Hartree-F-

ock eguations for a closed-shell configuration can be reduced

to a form identical with that of the EHT if (1) we accept the

Mulliken approximationﬁfor overlap charge distributions,and (2)
we assume a uniform charge distribution in calculating two-ele-
ctron integrals,over molecular orbitals. Numerical comparisons
indicate that this approximation leads to results which, while
unsultable for high accuracy calculations, should be reasonably
satisfactory for molecules that can not at‘presént be handled
with facility by standard LCAO molecular Hartree-Fock methods.
Although the EHT is widely used for organic molecules, the
application to the amorphous‘Sefk transition metals in GaAs as
impﬁr"itiesf6 and Nitrgen in crystalline Si‘%ave been reported
with succesé. | Good introduétion for the EHT in Japanese‘is in
the book titled "Rhoshi kagakli~ nyumon" by Yonezawa et al

published from Kagaku- dojin X.K.

SECTION 3-3.  APPLICATION TO CRYSTALLINE Si0,

In order to see how the EHT works for the problems of




1

-solids it 1s applied to the calculation of the electronic

énergy band structure of alpha-quartz and it is examined
whether the EHT with K constants as parameterg can reproduce
the band structure calculated by the pseudopotential method and
estimated by the experimental results. In this connection, 1if
all K<X(U,<Xg) parameters are set equal to 1.75 which was used
by Hoffmann®’and believed to be valid in C-H sytem, the method
is sometimes called the normal EHT, and on the other hand, 1if
K's are varied as parameters, the method is sometimes called
the modified EHT.

When all Ko(d),o<g> are set equal to 1.75, the calculated
bandbap of alpha-quartz was 16 eV and the top valence band
width was 1 eV, which disagree with the experimental observati-
onﬁﬂaTherefore, the modified EHT is used and furthermore VOIPs

are considered as parameters because these can be changed with

the charge distribution. The parameters are chosen to fit the

- calculated energy levels of [" and M points of alpha-quartsz

which have been shown™to reflect the peaks of density of states
(DOS) to those estimated by the experiments. The structure and
the 1lst Brillouin zone of alpha-quartz are illustrated in Figs.
3-3-1 and 3-3-2, respectively. The 2nd nearest neighbor
approximation is adopﬁed in the calculation.

The fitting was possible. The calculated band structure
are given in Fig. 3-3-3. The célculated DOS are shown in Fig.
3-3-4 and the peaks of DOS are in good agreement with the

69 419, so

experiments "and other calculation results. Calculated



lonicity of 50% 1is consistent with the value estimated from
Pauling's electronegativity consideration (see Table C-3 and
Fig C-4 in Appendix C). Although the valence band widths are
in good agreement with the ©results of the pseudopotential
calculationf7 the top of the highest valence band is located at
point in the present calculation, which is different from the
results of the pseudopotential method where the top exists at A
or K. This discrepancy ,though small, can not be overcome as
far as the approximation that K parameter between Px and Px is
equal to that between Pz and Pz is employed. The bottom of the
lowest conduction band shows the symmetry of 'l and consists of
Si3s and 02s, which agrees well with the Fowler et al's
resultsfo ; ' o
The chosen parameters are listed in Table 3-3-1. Using
these parameters, the band structure of beta-cristobalite is
calculated. Figures 3-3-5 and 3-3-6 illustrate the struture and
the 1lst Brillouln zone of beta-cristobalite, respectively. The
calculated band structure is shown in Fig. 3-3-7. The overall
band positions are similar to those of alpha-quartz. This
result indicates that the elctronic structures of varilous forms
of Si0, are determined by the short range order of atomic

configurations.

The application of the EHT to the problems of crystals
using Bloch orbitals as a basis is briefly described in Rer.
70 . The actual calculation is carried out using the programs

BAND, ALPHA, and BETA in Appendex A.
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Table 3-3-1. Determined parameters.

F{Si3s,si3s=—l4.95 ev
F1Si3p,si3p=—7.78 ev
Hoz2s,026=-20.6  ev
02p,02p=-12.7 eV .
\Si3s,Si3s=0.87
Si3p,Si3p=2.5
02s,02s=2.5
K 02p,02p=6.0
S5i3s,02s=1.34
' P(Si3p,02p=2.9

K parameters between s and p orbitals

are chosen to be an arithemetic average

of those between s-s and p-p orbitals,

O SILICON ~
o OXIGEN =T~
Z o

" STRUCTURE OF
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Fig. 3-3-7. Calculated
band structure of
~cristobalite.

Fig. 3-3-6. lst
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"of <-cristobalite.
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SECTION 3-4. APPLICATION TO THE Si-SiO. SYSTEM INCLUDING

IMPURITIES !

The orbital exponents and the VOIPs used in the calculati-
on of the energy levels of impurities in the Si-Si0, are listed
in Tables 3-4-1 and 3-4-2, respectively. The nearest neighbor
interaction is adopted for the impurity problem. The approxima-
tion of S8Sij=4ij is also used according to Ref. 6. The normal
bond lengths between O and H, Si and O, S1 and H, Si and C1,
and Si and F are chosen to be 0.97, 1.61, 1.50, 1.50, and 1.50
[A], respectively. The bond lengths between 0 and H, and Si and
H are cited from Ref. 71y and that between Si and 0 is a
normal bond length in the Si0O;. The bond léngths between Si and
Cl, and Si and F are not ascertained. But these ambiguities can
be compensated by varying the K parameters in a wide range. In
fact K parameters are varied between 1.0 and 4.0 in the
calculation described 1in Chaps. 5 and 6, although the value
between 1.0 and 2.0 is empirically believed to be probable for

'

K parametérs€ 6%his variation of K parameters do not affect the
results of Chaps. 5 and 6.

The EHT 1s also used in varying the bond lengths between
81 and O, and Si and Si. That is, we assume that each simple

tight-binding parameter is altered according to

o
Vij(Rk1)=Vij(Rﬁl)'Sij(Rkl)/Sij(Rkl) Eq. 3-4-1

19



,where the interaction parameter and the overlap integral at

the bond length of Rkl are denoted as Vij(Rkl) and Sij(Rkl),

respectively and RE1 represents the bulk bond length.

The interactions between valence orbitals are taken into

account

Table 3-4-1,

. Fie c-1
Employed exponents for Slater type orbitals.

t1s £ 2s G 2p £ 3s $3p

T 1.0 T -
0 2.2458  2.2266
P 2.5638  2.5500
si 1.6344  1.4284
c1 2.3561 2.0387

Table 3-4-2.
Employed values of VOIP. " €72

VOIP1s VOIP2s VOIP2p VOIP3s VOIP3p

H 13.6

0 32.33 15.80

F 4ho.12 18.65

Si 14.83 7.75
cl - 25.27 13.70

20




SECTION 3-5. SUMMARY

In conclusion, the modified EHT can be applied to crystal
Si0, satisfactorily. This result encourages to use the EHT in
the problems of solids and the determined parameters can be
used in the further research. The calculated results indicate
that the electronic structures of various form of Siol is
derived from the short range order such as the valencies and
the tetrahedral Si04 structure.

In Sec 3-U4, the values of the VOIPs and the orbital
exponents are 1listed. The method for varying the simple

tight-binding parameters is also described.



CHAPTER 4. GREEN'S FUNCTION FORMULATION

SECTION 4-1. INTRODUCTORY REMARK

Once the Hamiltonian 1s established, various energy levels
can be calculated by solving the eigen value problem of Eqg.
2-2-T. However, it 1s impossible to solve this eigen value
problem Dbecause the size of the Hamiltonian is enormously
large. But if the short range interactions are assumed, 1like
in Chaps. 2 and 3, the calculation effort can be greatly
reduced with the help of a Greén's function formulation and the
eneréy levels of the system can be obtained. In Secs. 4-2, the
. general Green's function theory is reviewed. . Section 4-3 deals
with the Gréen's fuﬁction formulation with short range interag-
tions Which is developed in this work. This formulation is

applied to the case of surface problems and the Bethe-lattices

in Secs. U4-4 and 4-5, respectively.

SECTION 4-2. GENERAIL GREEN'S FUNCTION THEORY

The Green's function G is defined as

| B - RS-
o =1 n n :
o) = (61 - E T =D 5 Eq. b-2-l

L2



,where E denotes energy, I a unlt matrlx,‘H a Hamlltonlan, and
'.En and [E > the n—th elgenvalue and elgenvector, respectlvely.

| The local den51ty of the 3 th orbltal(LDOS ) is expressed as

LDOS E:I<JIE >l2 5 @ - E ) Eq. 4-2-2
S o
= -~ lim I [G(E.+ 15)551 - Eq. 4f?—3

Toewto T T

-; where I [G(E + is). J] 1s an 1maglnary nart of the jj element
Cof the matrlx G(E + is). |

If the LDOSj is summed over j, then it is easily shown
that the resulting quantity is a total density of states. The
welghting term. 1<j|Em>[* 1is the j-th orbital componeat of the
n;th eigen function. Therefore, the LDOSj is considered as the
j—th orbital contribution to the total den51ty of states or it
of interpreted as the density of states belonging to the j-th
orbital. For example, if an eigen function is localized on the
j-th orbital, then LDOSj shows a large peak at the correspondi-
ng energy eigen value. Since the Green's function has poles
at the energy eigen values, it can be sulted for the problem of
bdefects and impurities.

When the id§ in Eq.fu%jlie apéroximated by a finite value
" due to theepraetiCal limitetion, tne S—fnnction in Eq. 4—2—2
nas the Lorentzian broadness. That 1s, a sharp line spectrum

2
at E is broadened by a factor of 6/{(E - E ) }. However,

23




if the values yl-and y2 at two points’éi'and E, near the peak

are given, then the peak Value YP and the peak energy Ep can

|
!
b
I
B

be calculated by the follow1ng formulae,, -

ty Eq ~,y2E2) t Yy ¥, By - E)) 2 =82 (y;—y,y) 2

.
- . .Yz.fhyl
SR (E - E ) | SR
¥p yl { l + - 52 : } . Eq. 4-2-4

The explanatlon of yl, Y2’ yp, El’ E2, and Ep is given in
Fig.4-2- l Therefore, though §= O 04 eV and energy step of 0.1 eV
:are adopted here, the error of calculatlon by thls approx1—?'

mation is less than O Ol ev with help of Eq. b2~ 4

- 7

y1

y2

, E1 Ep Ep
Fig. U4-2-1, |
Lorentzian ourve. If El, Yyr E2,,and y, are known; E

‘and yﬁ can'he.calculated., T

!
J

SECTION 4-3. GREEN'S FUNCTION WITH SHORT RANGE

INTERACTIONS




The matrix size

the interactions among atoms are short-ranged.

to be manipulated is greatly reduced 1if

When a system A

and B interact each other through.short-range interaction as

shown in Fig. 4-3-1, the Hamiltonian and Green's function G are

written in the forms

;r' (oo a1 |
Ban |Pan | O 0.
Ho12 it |
g a4 h h v 0
(@1em) Y= |pr-|.2a |2 as | 0
R I 1 A s I A R
0 VBA hBB X hBB
21 | .22
0 o 0 hBB‘ ‘hBBJ .
~ o~ .. S
~ . . ‘ ) \
22 | .21 21 (. 22
an | San | a7’ Cam
| 12 |11 | 11 12
o - < |e G G
ey = |22 |“2a| “ap| 2o
S 12 11 11| .12 -
: sa - |%sa | BB | BB
22 |21 21| .22
°en |%sa | ®B | SBB
VagsVpa
—_—
SYSTEM A SYSTEM B
Fig. 4-3-1.

Eq. 4-3-1

Eq. 4-3-2

Schematic illustration that system A and B interact with

each other.
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On 'the other hand, when the system A and B are

independent, as illustrated in Fig. U4-3-2, the Green's function

for each system, g an and gpp are written as .

Ipan = |BL -
rand
9gg = [BL -
Y respectively.
Then the follbwing’equatioﬁs.are obtained,
1L 11,-1 _ 11°11 171 \-1 Bq. 4-3-5
€an = C (9a) © 7 Vap 95 Va ) d
»_-~(equation‘for“cehnection).
11 - ., 11,-1 , .11 :11 11 ;-1 £q. 4-3-6
(.(G ) T+ Vo 955 Vea ) q

a7 an’

; (eguationefQ£ separaﬁion).

no
interaction

SYSTEM A SYSTEM B

Fig. 4-3-2.

Schematic illustration that system A and B are inde-

pendent.




CrERRET T %

The derivation of these equations are given afterwards.
These two’ equatlons show that the size of the matrix is

small 1f the local den31ty of states Wlthln a small part of

the system 1s to be calculated. Moreover, connectlon and

separation of atomlc groups as . 1llustrated 1n Flg 4 3-3 can be
.done qulte ea51ly u31ng these two equatlons. For example,
'”1t the system A is the crystalllne Sl and the system B is the
;amorphous 8102 then us1ng Eq. 4—3—5 the,Grgen s functlons near
.the 1nterface are calculated and if GAA is‘aﬂGreen's function
A:of the crystalllne Sl at the perfect 1nterface and 935,?5.?
”Green s functlon of a Bethe lattice and ‘an extra oxygen atom,

then u51ng Eq. 4- 3 6, the Green' E functlon of the interface

'1nclud1ng a dangllng bond (gAA) can be obtalned

separate
< €an
connect

BB EBB

Figc u—3—3°
Schematic 1llustratlon of connectlng and separating two

systems.

The derivation of Egs. 4-3-5 and 4-3-6 is carrieq out as

follows. Cal culation of (EI-H)G=I using

%a , “Van
N P 4




Substituting Eq.

resultant

4_3-6 is easily derived from Eq.

and Eq. 4-3-6,

11
GAA

also holds.

equation as to G ,

= 9aa Vam

4-3-11 into Egq.

11 11 Gll Vll gll +g

BB 'BA “AA

we have Eq.

h-3-5.

4-3-10

11

AA

§-3-5.

leads
22 21 _11.12°] 21 .21 11 .11
Ian T Ian VAB“GBA" 922 T 9aa Vam ©aB
12 11 11 .12 | - 11 11 11 ;11
9an * 9an Vam FBA" an ¥ 922 Vam Cpa
‘ - Eq. 4-3-8
iand
11 11 12 11 11 11
988 VBa Can ’ 988 VBa an
21 011 .12 21 11 11
988 VEA GAA-,‘ 985 VBA ®an | Eq. U-3-9
Particularly, the folléwingieqﬁétions are useful,
11 _ 11, -11 11 11 Ba L
%an T 92n * 9an Vam %ma . 2. #-3-10
11 11 13 11 Eq. b4-3-11
°ea = 988 VBa Can

and solving the

Equation

Other than Eq. 4-3-5




When the approximation that Sij is set equal to 5ij is not
valid, the Green's function G is defined as (ESTH)'] instead of
(EI—HYﬁ . Nevertheless, the discussions of this section are all
valid if g and V are substituted by (ES-h)' and V-ES,
respectively. However, it should be notified that the quantity
—%%%ﬁolm(Trace[G(E+ié)]) does not give a DOS in this case. This

fact 1is sometimes overlooked. The true formula which gives a

DOS is

—éﬁim Im(Trace [SG(E+i8)]), Eq. 4-3-13
-+ 0
‘ -#%imolm(Trace[G(E+i5)S]), or Eq. 4-3-14
—t -’- 1
_éﬁim Im(Trace[S‘G(E+i§)S:]). Eq. 4-3-15
~t0

In this case of non-zero overlap, there 1s an overlap part
contribution to DOS 1in addition to an orbital contribution
which 1s considered 1in Eq. h_2_2, The discussion of the

non-zero overlap 1is also given in Sec. 45,

SECTION 4-14, APPLICATION TO SURFACE PROBLEMS

The problem of the electfonic structures of solid surfaces
has attracted much attention. Various methods have been
developed and used to study surfaces of metals and semiconduct-
ors. However, all of the theoretical investigations based on

realistic models of semiconductor surfaces belong to either of




e

the folléwing major categories. One 1s a slab method73 where
the semi-infinite solid is simulated by a finite number of
atomic layers having two-dimensional periodicity: The other is
a perturbation method7§here the semi-infinite solid is treated
as a perturbed perfect solid.

Here, as an application of the method described in the
previous section, we report a new method which does not belong
to either of the two categories and which treats the semi-infi-
nite solids as 1infinitely stacked atomic layers. It has
advantages over the above-mentioned slab method in that it
deals with the exactly semi-infinite solid, instead of a finite
number of atomic layers. Consequently, the band continua are
expressed in terms of continuous functions.

From the computational point of view, the sizes of the
matrices to be manipulated in the present method are about a
tenth of those in the slab method. Compared with the
perturbation method; the present method is economical because
there 1is no need for soiving the perfect solid problem.

Furthérmore, - different from the perturbation method, this
method can treat the relaxed surfaces qﬁite easily.

Since the present method is fit especially for examinihg
the numerical validity of the widely used slab-type calculatio-
n, - this course of study is carried out by using the Si (111)
surface. |

Although the description of the method is done by using

the Si (lll)ysurface, the method is quite general.



.
.
|
%

Let k be a two dlmeﬂSlonal rec1procal

vector of the Si (111) surface. Then,"taklng Bloch orbitals
as a bas;s set, the Hamlltonlan Hk'and the Green's functicn

k
G~ for a certain k vector are expressed in the form.

ck (E) = (EI- Hk) -1
r [hk Vk - ~ \,_1
. 11! "1s| 0
X | .k |k
vE R v
= ET— s1)711f "1s
x |. x| x
A Vs1| P11 Vis
0 | Xk | k.| X
1ve1 bl || Eq. Bonad
;' L N o JJ
Lk R
%11
= j;
T e Eq. 4-4-p
-~ A

,where h?l"vgl’ V?S, andAGﬁl;arez8lg'8 uatriceé.

The exact forms of these matrices are given in Ref. 75 .

Taking into account the fact that the seml 1nf1nlte solld

'Jshould not be 1nfluenced by the addltlon of one atomlc layer
-on the surface (Hereafter we w1ll call thls technlques as the
;layer stacklng method. See Fig.4-L4- l) the self—con51stent

:equatlon for G?l -

k _ Lo Wk ko k k-1 u
613 = (E+ 16T ?11 Vis G171 Vgp) Eq. 4-4-3

holds, which is derived by the use of Eg.L4-3-5. Gil can be de-




termined by this equation. To solve Eq.4-L4-3 in terms of G?l

numerically, the relaxation method is effective. Since this

relaxation'process is rather oscillatory, the damping type pro-
cedure must be efficient to aqcelerate the convérgence. In fact
éveraéing operation over each oscillation.period has shortened
the computation time by a factor of 2—10.“On§e the G?l's for
various k-vectors are obtained, the‘Greén's_fuﬁctipn Gll which

takés normal atomic orbitals as a basis set is calculated by

Ce— ik
Gyq —Hig: Gy | Eq. U4-L-1

,where N 1s the number of the unit cells.
The derivation of this equation is demonstrated in Appendix D.

Any ij in the course of the numerical relaxation is a Green's
function for a finite slab, whereas the converged value is that
for the semi-infinite solid. So that the comparison of surface
LDOS between the slabs and thé semi-infinite solid is easily

carried out.

The two;dimentional Brillouin zone of the Si (111) surfaée
is given in Fig. hoh_2, Figure U4-4-3 shows how the surface
LDOS changes as the number of atomlc 1layers of the slab
increases from 8 through infinity ‘at the point of the Si
(111) surface. The interaction parameters given in Ref. is
used in the calculation. These results show that the gap state
for the finite slab monotonously approaches that of the
infinite solid and that the widely used slab approximaﬁion is
excellent for the gap state ievel when the slab includes more
than 36 atomic layers, but not so good for the band continua.

The calculation 1n this chapter is carried out by using

SURF and SURF12 in Appendix A.




R R

V\/\/\ o e

SEMI-INFINITE
SYSTEM

’

Fig. U-4-1 Layer stacking method. When the system is semi-
' infinite, 1t should not be influenced by the

addition of the extra atomic layers. The number
denotes orbital number.

7>kx
[|Co, 0
Unit 1g &
a=5.434 2@
Fig. 4-4-2., Two-dimensional 1st Brill
ouin zone
Si (111) surface. ' °f
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SECTION 4-5. APPLICATION TO BETHE-LATTICES

‘ 4—5—10 - - .- .
The Green's function for the‘SiOé.is also calculated by use
of an eqnation of self—consistency. Slnce the 5102 Bethe-lattice’

employed here has been constructed by 1nf1n1tely connecting SlO3
units, one 5103 ‘unit whose three oxygen dangling-bonds are'termi—

nated by the SiO2 Bethe-lattices is equal to the SiO. Bethe-

2
~lattice  itself. This fact leads to the 'eQuation

of self-consistency similar to Eq Gy 3 The Green s function of
'5102 Bethe lattice 13 determlned through thlS equatlon, where the
manlpulatlon of matrlces 51zed l6x16 are requlred | The solutlon
of the 8102 Bethe lattlce is flrst obtalned by Laughlln and

Joannopoulos7é

using a transfer matrlx technlque.‘ In the present»
method however, the Green S functlons are computed dlrectly
w1thout transfer matrlces. |

4-5-2. Since the case of Si0, is difficult as an introductory
explanation, the simple case of tetrahedrally bonded solids
with Weaire-Thorpe Hamiltonian 1s described as an example.

The Weaire-Thorpe Hamiltonian’’takes sp?

orbitals as a
basis set and includes two interaction parameters as illustrat-
ed in Fig. U4-5-1. The energy zero is taken at the self energy
of the sp3‘orbital. ' Let g; denote the Green's function of
the orbital 0 in Fig. 4-5-1. Then, the self-consistency

mentioned above requires that the 1,1 element of

~N -1
E -V1 -V1 -V1 0 000 |0 * * % 0 000
-Vl E V1 -V1|_|0V200]||% g, * ¥ 0 V200
-Vl -Vl E -V1 0 0V20| |* * g % 00V20
-Vl -Vl -V1 E 0O0O0V2][*¥* %z | |000V2
Eq. 4-5-1




is equal to g, using Eq. U4-3-5, If the energy is measured in

terms of V1 and V2/V1 is substituted by V, then we have

. E-V’g,+2
do =
E(E-V’g,+2)-3 . Eq. 4-5-2
This quadratic equation of ga'have two roots. Solving Eq.

b-5-2 by the numerical relaxation method with the substitution
of E+id into E corresponds in the physical sense to connecting
more and more atoms to the system. So that this relaxation
method gives the physically meaningful results. On the other

hand, this relaxation method if applied to the problem of the
type as |

n-1)
o atbT

c+dT " " Eq. 4-5-3

turns out to converge on the absolutely smaller root of the

eqation

a+bx

ctdx . ' Eq. 4-5-4

This 1s easily seen from the eqgation

a+bT"™ o+ b
TN & _ c+dT C +do
’ T""—(z a+bT""  a+bp
c+dT ¢ o+dp
X I«
- ftn-D)
T - @ Eq. 4-5-5

36



,where o and p are two roots of Eq; 4-5-4, Therefore, the
physically meaningful root of Eq.4-5-2 is that which has the
smaller absolute value. )

The Green's function of perfectly bonded Bethe-lattice, G, as

illustrated in Fig. 4-5-2 1is calculated as
G=(go -8,V )" Eq. #4-5-6

which 1is derived by using Eq. 4-3-5.  The LDOS calculated by

Eq.4-5-6 w1th V=/3 1is shown in Flg. 4~ 5 3. This figure suggests

that the bandgap and the band contlnuum arise from the fact

that the large number of atoms are bonded in the solids but not

from the‘fact that the system has a translational symmetry.?o
The band continuum is the region where.the imaginary part

of g, or G is non-zero, that is,

[(E+1)*=(V+/3)* -1] [(E+1) -(V-/3)* 110, Eq. 4-5-7
This region is given 1in Fig. hs5-4, When the energy is
measured in terms of V2 and V1/V2 is denoted as V1, then the

corresponding equation to Eg.4-5-7 is

{342 3 3 ER L
[(E+71-—) +2(E+—Z-) (Vl—z—)—3(Vl-1—) -Z_]X

I3 \2 'Kl e 3yz_1 5~
[(E-22)* 42(BE-32) (V1+2)-3(V1+432 )" 2180 Eq. 4-5-7

,whose graph is shown in Fig. h5-5, This graph agrees with



) ' 2,7
the band diagram calculated by the "cluster method"? 7 The

results of the cluster method are obtained through a numerical
calculation, whereas the analytical expression is attained in
the present method.

The Green's function of the i-th orbital (in Fig. L4-5-1)

is expressed as

20-2

g;=82V*(y-6) (zV) +G Eq. 4-5-9
,Wwhere _ E(b+1)-2
(b-1)(E(b+2)-3), Eq. 4-5-10
-1
=
E(b+2)-3, Eq. 4-5-11
and b =E-g,V". | Eq. 4-5-12

fhese equations are derived by the use of Eq;mﬁ-3—lé: Since g;
should not be diverged, this formula shows that the LDOS of the
system including a dangling bond approaches that of the
perfectly bonded Bethe-lattice, as the orbital gets far away
from a dangling bond. |
4-5-3. Here, the effect of the non-zero overlap is investigated
| using the even simpler Hamiltonian. The Hamiltonian is based
on tetrahedrally bonded s orbitals and consists‘of only one.x
parameter as illustrated in Fig. U4-5-6.
If the non-zero overlap S is taken into account, the LDOS

is formulated as

2 J12V*-E* 2 SE /[12V*-E=

LDOS=— . F—wu— 4+ —. .
T 16V*-E* Ty 16V*-E* Eq. 4-5-13
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the first term and the second term can be considered as an
orbital éontribution and an overlap part contribution, respect-
ively. The second term can be 30% of the LDOS if S=0.1 and V=1
are adopted. So that Egs. U4-3-13~4-3-15 must'be used instead
of Eq.4-2-3 when the non-zero overlap is taken into considerat-
ion. Usually, however, the proper set of interaction parameters
with the neglection of the overlap integrals are employed to

get rid of the complications.

GROUP 3

"N’
XK 3

‘2
mom
GROUP 2

Fig. 4-5-1. Bethe-lattice With Weaire— Thorpe Hamiltonian.
GROUP 1, 2, 3, and the whole system are the
same one another.

o G :
_ 0

Fig. 4-5-2. Perfectly bonded Bethe-lattice.
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ENERGY
Fig. 4-5-3. LDOS of Bethe-lattice calculated by Eq. 4-5-6.

Fig. 4-5-4,

Band

This suggests that the bandgap and the band
continuum arise not from the fact that the
system has a translational symmetry but from
the fact that the large number of atoms are

bonded.

\

ENERGY -

VALENCE RAND

40

CCDUCTION BAND :

diagram of Bethe-lattice. Parameter 1is V.
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Fig. 4-5-5. Band diagram of Bethe-lattice. Parameter is V1,
This agrees with the calculated results by the
"cluster method".

O

Fig. 4-5-6. Tetrahedrally bonded s orbitals.
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SECTION 4-6. SUMMARY

The Green's function formulation c¢an make use of the
sparsity of the non-zero elements of the Hamiltonian and make
the eigen value problem solvable. The local density of states
which includes the information of the wave functions and energy
levels is calculated from the Green's function.

The developed method itself 1s simple and flexible and can
be applied to crystalline free surfaces with or without
relaxation and/or reconstruction, impurity chemisorped surface- ‘
S, Bethe-lattices, bulk impurity problems, defects, and other
complex problems such as superlattices and multilayer problems,
if the proper tight-binding parameters are given. If a dynamic
matrix 1is wused for Hamiltonian, phonon ~spectra and Raman
spectra can also be calculatedfo It should be noted that the
calculation method wused in Chaps. 5 and 6 is mathematically
exaét except for the 1limitation caused by the practical
numerical calculation such as the finite number of the sampling

points in k spéce.




CHAPTER 5. INTERFACE STATES

SECTION 5-1. INTRODUCTORY REMARK

- The trap'states between Si—SiQé'interface have been
attracting‘much attention because these states take an important'
role in controlling the threshold'voltageAVth, transconductance
and flicker noise of MOS transistors;. However, the chemical and

.phy51ca1 origins of these states have not been fully understood
although 'some attempts were: made to shed llght on these problems
by Chadl, Joannopoulos, and Laughlln?0 3 Ql-Ih partlcular, llttle
is konwn about the theoretlcal background of the fact that these

flnterface trap states are contlnuously dlstrlbuted in energy.

. Our work is an exten81on of Chadl et al's approach Wlth a. spec1a1

«empha51s on this contlruous dlstrlbutlon of the trap states at :

81—5102 1nterfaces.

Our ba51c model has been constructed with a crystalllne Si
kw1th (111) orlentatlon and amorphous S:LO2 represented by a Bethe-
lattlce as shown in F;gS—l—l.Thls'can be considered-as a Cluster-
rBethe—Lattice model(CBLM)'first introduced by Joannopoulos and
.Yndurainfg but in our case'thehcluster.is the crystalline silicon,
whosevdangling bonds'are terminated by the Sio, Bethe~lattices.“
The experlmental evidences for Very thln Si- SJ.O2 tran51tlon N
layergu)yand the theoretlcal conclu51on that the elastlc energy

of the 81-8102 system is lowered as’ the w1dth of the SlO layer
‘gOes zerofé'encourage us to use_thls 1deallzed abrupt—junctlon




_ top view of
Bethe-lattice

amorphous
Si02 ‘
(Bethe-lattice)

' 'crystalline
silicon

side view

[ o O

rig. 5-1-1. BASIC MODEL  esi
Basic model constructed with amorphous SiO2 represented
by Bethe-lattice and Si substrate with (111) Qrientation.
Open and closed circles denote O and Si atoms, re— -

spectively.




fmodel to srmulate a thermally grown SlOz—Sl 1nterface. 'Since

hoxygen chemlsorptlon of l/3 monolayer on a Si free surface is

enough to cancel the surface reconstructlon,g71t is not needed
to include the reconstructlon of crystalllne Sl surface at the

1nterface.

A Bethe~latt1ce used here to.represent amorphous S:LO2
is a hypothetlcal tree like lattlce contalnlng no closed
rlngs, where_the valenc1es of oland Sl are malntalned 2 and
4 respectively. It is constructed by connectlng 5104 tetra-.
hedrals and has three- fold symmetry.' Normal Si-0-Si angle
is chosen to be l44°‘whlch is believed . to be- the peak value
of Sl—O—Sl angle in amorphous Slozlsystemggand this angle

- is varied in the range between 12Q° and 180° in case that an
amorphous effectyis.taken‘intovconsiderationfg The'electronic
‘structures of;crystaillne sio, and’ainorphous.sio2 are shown :
orr ?though the .

hto be similar by oPtical absorption measurements
1ong—range atomlc conflguratlons are qulte dlfferent.v.This
'suggests that the short-range orders such as valenc1es and -
LSlO4 tetrahedrals play an 1mportant role to determlne the"
electronlc structures, so that the Bethe lattlce ‘model 1s )
thought to be a good approxrmatlon to represent amorphous.
5102 (also cf. Sec.v3 -5) | '

V Based on thlS ba31c model we have calculated the energy,

levels of mlCIOSCOplC‘defeCtS at Sl-SlQ 1nterfaces with

changing'various“bonding parameters Such as bond 1engths,.
:bond bendlng angles and bond rotatlon angles and 1nvest1gated

fthe p0551b1e orlglns of the 1nterface traps contlnuously dis-
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tributed in'the‘forbidden gép. of Si; Furthermore we have
‘obtalned the energy levels of 1mpur1t1es such as H, OH Cl

>and F bonded to si dangllng bond at the 1nterface and dlscussed

-

the,anneallngbehav1or of the 1nterface traps.

In section 5-2, the various theories which deal with the
calculation of the electronic structures of amorphous materials
ére discussed. Section 5-3 is dedicated for the models and
procedures of the caloulation of the Si-Si0, interface.
Section 5-4 describes the calculated results of the interface
states and imburities at the interface together with the
proposed model for the interface states continuously distribut-
ed 1In energy and thelr annealing behavior. Section 5-5 is a

summary.

SECTION 5-2, CALCULATION THEORIES OF THE‘ELECTRONIC

STRUCTURES OF AMORPHOUS MATERIAL

The density of states is a basic physical quantity which
has much to do with the photo characteristics and the
electronic conduction of amorphous materials. In the followin-
g, varlous theories calculating the DOS are reviewed. From this
review, 1t is shown that the 'Bethe-lattice model' is the only
theory which can reproduce the electronic structure of amorpho-
us materials and whose calculation is carried out in a
practical length of time. For every theory , the following
sequence 1s used: a) authors, b) reference number, c) year, d)
materials which are actually treated by the theory, e)

characteristices, and f) conclusions.
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5-2-1. COHERENT POTENTIAL APPROXIMATION

a) Yonezawa et al, b) ¢/, c¢) 1975, d4) actually no material is
treated.

e) The extension of the theory which was successful in the
theory of alloys.

f) It has not reached the stage of the application to the real

material. The calculation effort is felt too heavy.

5-2-2. CLUSTER MODEL

a) MeGill & Klima, Keller & Ziman, Okazaki et al, b) 92,93, 9«
¢) 1972-1975, d) a-C, a-Si, vacancy in Si

e) The electron multiple scattering by many spherical muffin-t-
in atomic potentials (atomic cluster) which are floating in an
effective‘ potential 1s correctly calculated. Okazaki et al
introduced self-consistency in determining the effective poten-
tial.,

f) The region where the DOS is small (pseudogap) certainly
exlsts without assuming long range order of the atomic
configuration (Fig. 5-2-1). If there is a vacancy of Si, then a
peak in the DOS arises in the pseudogap. This corresponds to
the generation of a dangling-bond state (Fig. 5-2-2). But even
a large ciuster which contains more fhan 30 atoms does not have
a real bandgap where the DOS is completely zero (Fig. 5-2-3).

This 1is dﬁe to the imperfect treatment of the surface of the

S~




"atomic cluster".

5-2-3. BAND CALCULATION WITH POLYMORPH

a) Joannopoulos et al, Chin et al, b) 95, 94 , ¢) 1973-1975,
d) Si, Ge

e) Band calculation by a pseudopotential method is carried out
for complex structured crystals which have atoms of 2-12 in a
unit cell. Chin et al calculated the band structure of a Si
crystal which has 61 atoms in a unit cell by the LCAO method.
f) The differences between the DOS of a-Si1 and that of crystal
are that the top of the valence band gets steeper in a-Si and
that the fine structures in DOS disappear in,a-Sij7 as shown in
Fig. 5-2-U4, These effects are reproduced iﬁ Fig. 5-2-5. But
the physical reasons of these effects are not clear. The

calculation is tedilous.

5-2-4, PERTURBED CRYSTAL MODEL

a) Kramer, b) 98, c¢) 1970, d) a-Ge, a-Si, a-Se

e) If the crystal undergoes a certain kind of perturbation, the
Hamiltonian becomes non-Hermite and the energy eigen values
have iméginary part, that is, the band structure is blurred.

f) It is interesting in the sense that the transition from the
crystal to the amdrphous state can be analyzed. However, the

existing amorphous material can not be condidered as a




perturbed crystal, so that the theory loses its basis. The
calculated results (Fig. 5-2-6) of amorphous material shows no
change from a crystal in the valence band, which does not agree

with the experimental results.

5-2-5. ~ SIMPLE TIGHT-BINDING MODEL

a) Weaire & Thorpe, b) 77, c¢) 1971, d) tetrahedrally bonded
" material

e) The theoretical discussions are made by using a very simple
Hamiltonian given in Sec. 4-5 (Fig. 4-5-1).

f) They broved the mathematical fact that the bandgap larger
than abs(2xV2-U4xV1) is produced, only assuming that the atoms
are bonded with four surrounding atoms, and without assuming
the definite atomic configuration. If V1 and V2 fluctuate in
the range of V1#1dll and V2+1d2], respectively, then the minimal
bandgap decreases to

2(lval=laz])=4(lvil+]azl).

. 5-2-6. MOLECULAR ORBITAL METHOD

a) Chen, Shimizu et al, b) 77,190 | ¢) 1973-, d)Se, AsSe,
S5i0,, defects, etc.

e) Energy levels are 'calculated for imaginary molecules or.
large molecules.

f) The method itself has been established in the field of
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éhemistry and 1is considered to be quite general. A calculated
example 1s shown in Fig. 5-2-T7. Treatments of molecular
surfaces and the wave functions extended all Jdver a material

are problems.

5-2-T. CLUSTER BETHE-LATTICE MODEL

a) Joannopoulos et al, b) e/ s ¢) 1974-, @) si, Gé, 310,
e) Bethe-lattices are connected to the surface of a certain
cluster of atoms (Fig. 5-2-8). The Bethe-lattice 1is an
imaginary, tree-like, and infinite connected network of atoms
with the same coordination number as found in the real material
but without fings of bonds. It provides a "neutral" background
upon which the individual properties of -the cluster are
studied. The reasons for using the Bethe-lattices as a boundary
condition are that the electronic structure of the system can
be solved exactly, that DOS of the Bethe-lattice is featureless
and smooth, and that the short range order of the atomic
configuration found 1n a real material is maintained in the
Bethe-lattice.

f) In Fig. 5-2-9, they concluded that the steepness of DOS near
the top of the valence band is due to the short range disorder
such as the distorted tetrahedral structure, whereas the
smoothness of DOS at the lower half of the valence band is due

to the middle range disorder.
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The “cluster-Bethe lattice’” method involves (a) taking an infinite system
of atoms and choosing one atom as a reference point; (b) removing a small cluster
surrounding and including this atom from the system; (¢) using a Bethe lattice, which is
an infinite system of atoms with fixed coordination and no rings of bonds to (d) satisfy
the dangling bonds of the cluster, This new structure is called a “cluster-Bethe lattice!

system.




SECTION 5-3. MODELS FOR CALCULATION AND CALCULATION

PROCEDURE

Models of the atomlc conflguratlons used in the calculation
are shown sechematically in Fig. 5—3—1- - The followrng is
hthe procedurebof the caiculation; |

(1) le one certaln k—vector.
- (2) Calculate the Green s functlon for si (111) free surface
(Fig. 5-3-1(a)). - |
(3) Connect a Bethe lattlce and one oxygen to thls surface
(Fig. 5-3-1(6)). . o |
k4)_Sum up the Green s fnnctlons‘oner various k—vectors.
b(S)zSeparate the Bethe lattlce and one'oxygen to form a
Si,= Sl— dangllng bond (Flg 5-3- 1(e)). -
W(G) Bring the Bethe-lattice closer to the Sl dangllng ‘bond to
SLmulate Si-si bondlng and O-Vacancy (Flg 5-3-1(d)).
k7j Bring the Bethe—lattlce “and one oxygen‘closer to the Si :
..dangllng bond to form Sl—O weak bond at the 1nterface »
(Fig. 5-3- l(e)) o
(8) Bond any of H, O, OH Cl and F to the Sl dangllng bond to
represent the bondlng of 1mpur1ty atom (Flg 5-3-1(f)).
‘These are the rough sketches of theocalculatlon procedure and
other atomic configurationsAused'dn the calculation will be
shown schematically in each‘timeddn~thevresults. |
The‘ tight;binding parameters for SiO, employed in the

present calculation have been determined by Chadi et al. The

values are given in Table 5-3-1. The orbitals used in the

calculation of the SiOz Bethe-lattice are illustrated in Fig.

5-3-2.




The computer programs used in this chapter are shown in
Appendix A. The calculation has been carried out at the
computer center of the TUniv. of Tokyo with some library
_ subroutines provided by the center.

The Hamiltonian and the basical calculation method are

explained in the previous chapters.

Py

(3) (b). Si

Yoy priey

(¢) (d)

SaB e B IE

Fig. 5-3-1.

Models of various confiéiratibns used in the calculation.
a) S8Si free Surfadé,vb)vperféct interféce,'c) SiB; Si-
dangling bond, d4) Si-Si weak bohé‘gnd O—vacancy.at inter-
facé, e) Si-0 weak bond at'interface, f) impurity at
interface. Cldsed‘circle, open circle and closed triangle

denote Si, O, and impurity atoms (ﬁ, OH, Cl1l, and F),

respectively.
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ight-binding interaction parameters (in eV) for SiO,. The unprimed
?primed) subscripts refer to Si(0) orbitals. Notation i1s standard
and simlar to that used in Table

Es=U. 42 Ep=10.67 Es'=-14.63 Ep'=-1.83
Vss'o=-2.85 Vs's'c=-0.15 Vsp'o=-5.4 Vs'pr=-9.5

Vpp'o=-5.1 Vpp'm=-1.4 Vp'p'e=-0.45 Vp'p'm=-0.45

GROUP 2

Lo o ,

S A 4 ’ .

F;" P”‘ ) ?Il pey .
Za\! ' '

'p:.l
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’-’////;ROUP 0 /,/’//, GROUP 1

GROUP#

n < ATOM#

““ORBITAL#

Fig. 5-3-2. Orbitals used in the calculation of
the SiO, Bethe-lattice.




SECTION 5-4. RESULTS AND DISCUSSIONS

, Both the perfect 1nterface w1th the Si-0- Sl bond angle ‘
?ranged from l20° to l80° and the interface Wlth oxygen dangllng

' bond do not have a gap state as 1llustrated in Fig. 5-”—0~ However,
‘Sijeﬂsl dangllng bond at the 1nterface glves rise to a gap

vfstate at about the mlddle of the Si bandgap as shown 1n fig. lO,

as Laughlln'etval.lhave 1ndlcated.' But.at should be noted that
Si.bandgab in their calculatlon was about 2.5 eV due to the N
"nearest nelghbor approx1matlon and a Bethe- lattlce approximation
<for the Si substrate, whereas in our model Sl bandgap is calcu—
lated to ‘be exactly l 1 eV

- The O—vacancy and Si-si weak bond at ‘the 1nterface producer
Ttrab states in’ the Si bandgap, whose energy levels vary ‘in the,i
fenergy range lower than the mldgap of Sl by changlng various |
Hbondlng parameters. Flgure 5-4-1 demonstrates the dependence of
;Sl ~-Si Weak bond level (1ncludlng O—vacancy level) -on the Sl Sl
?bond length Figures 5-4-2 and 5-4- 3 show how O- vacancy level varies

in energy dependlng on the bond bendlng angle, and the rotatlon

angle, respectively.. In these bondlng parameters, bond length

variation gives the strongeSt effeot on.the energy level.

When the Si dangling:bond.interact weakly with Si atom
which is already bonded to four oxygen"atoms‘in the Siozdnetwork,
the level also appears‘in the Sl bandgap. This level moves in
the 1ower half of the Si bandgap when the distance between these

Y ' ' : ° EPUP . .
two Si atoms are varied from 2.3 A to infinity as is shown in

‘Fig. 5-L_L,




‘ On the contrary, Si-0 weak bond and Sl—O weak interaction
:produce trap levels in the upper half of the S5i bandgap. Sl o
‘weak bond state changes 1ts energy level depending on the .bond.
length and the bond bendlng angle as’ demonstrated inFigs. 5-4- 5 and
5 4 6 respectlvely Sl -0 weak 1nteractlon indicates the “
,51tuatlon where the Sl dangllng bond 1nteracts weakly Wlth O
~atom Wthh is already bonded to two Sl atoms in the SiOjy network.
Figure 5—&—7 shows the dependence of the Si-0 weak interaction
level on the distance between Si atom and O atom which is

already bonded to two Si stoms in the SiO, network.

-

In calculating the energy levels of Si-Si weak'interaction shown
in Fig. 5-4-4 and those of Si-0 weak interaction shown in Flg
5-4-7, . the 1nteractlon parameters among ‘atoms having normal
valency have been used. To weaken these 1nteractlon para—Q

| meters 1s almost equivalent to 1ncrease the distance between

the atoms at the 1nterface. (cf Flg 5 M 8)

. The bondlng parameters at the actual Sl SJ_O2 .interface .
'can be supposed to vary because of the amorphous structure
and the large 1nternal stress 1ncluded in thls system
'Therefore, Sl—Sl weak bond, Sl—Sl weak'lnteractlon, Sl—O weak
bond and Sl O weak 1nteractlon are thought to be the possible
,orlglns of the 1nterface trap states contlnuously dlstrlbuted _
'1n energy.’ Commonly observed U—shaped distribution of the.
interface trap densities (Fig. 5-4-9) is explained if bond length
distributions in Fig. 5-4-10 and energy level dependences on the
bond length as Fig. 5-4-1 and Fig. 5-4-5 are assumed. The rapid

decrease of the distribution (Fig. 5-4-10) as the bond length




increases is reasonable because the normal bond lengths are
shorter than 2. 5 A and the longer bond length are less likely.
The gap states move out of the energy range between 0.5 eV

below the top of Si valence band and 0. 5 eV above the bottom

of Si conductlon band when any of H, OH, - Cl and F .is bonded to
the Si atom at the interface. ,Thls 51tuatlon is illustrated in
AFlg 5-4-11. Slnee-an energy lenel;outside the Si bandgap can
‘not'wo:k as a trap state at the interface under notmal‘opete
‘ating conditions;:this-result'exPlainedthe'reduction of the
interface trap density by Hz'annealing,‘trichrOlo—ethylene an-
Anealing, and’HCl'oxidation and further suggestsdthe possibility

of F anneallng. ,
The level moves up in the conductlon band of Si in bondlng

with either of H, OH, Cl, and F. (cf. Fig. 5-4-12 and 5-4-13)

AT THE Si - SiO2 INTERFACE

Perfect interface . Oxygen dangling bond

VAT Yy o,

''''''''' 0.5 ev

no energy level } Si bandgap

Fig. 5-U-0. -—---_,— 0.5 ev ‘
Perfect interface and oxygen dangling bond at the Si-
SiO2 interface have no energy level in the range between
0.5 eV below the top of the valence band and O 5 ev

above the bottom of the conductlon band of Si. -Open

and closed circles denote“O’and S5i atoms, respectivelyf
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- (1) At the Si—SiO2 interface
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Fig. 5-4-11. X=any of H, OH, Cl, and F

| Impurity‘ at the'Si—-SiO2~ intérface._ If any of H,0H,
CL; a‘n(.i F is bohaed to the Si dangling bohd, no energy
level exists in the energy range between 0.5eV below
the top of the valehce band and 0.5eV above thé bottom

of the conduction band of Si. Open and closed circles

‘denote O and Si atoms, respectively.
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SECTION 5-5. SUMMARY

| A calculation procedure dealing'with'the'eiectronic
;structures of crystalllne Si- amorphous SlO2 interface~inc1uding'
‘mlcrostructural defects ' d ' based on”semiempirical :
-tlght—blndlng Hamlltonlans and‘Green's‘function formulation.iSr‘
applled to the calculatlon of 1nterface trap states between
;amorphous 8102 and the Si substrate w1th (lll)orlentatlon.

| The follow1ng results are obtalned. 'Perfect interface
and the interface 1nolud1ng oxygen dangllng bond have no energy
level in the Si bandgap, whereas Si3e-$i~ dahgling bond has a
energy level at about the'ﬁiddle'of the'Si bandgap. Si-si weakv
bond and weak interaction at the interface giVe rise to gap
states whose energy move~in the energy range‘lower than the
nidgap with varylng the dlstances between two Si atoms, while
the energy levels of Si- O weak bond and weak 1nteractlon at the
interface appear: at the upper half of the forbldden gap of Si
dependlng on “the dlstances between the Sl atom and the O atom;~‘

P0551ble orlglns of 1nterface trap states which are dis=

tribpted contlnuously in Si energy gap are suggested to be
these Si-Si weak bond Sl Sl weak 1nteractlon, sSi-0 weak bond,
and Si-0 weak 1nteractlon at. the 1nterface. -

The reductlon of the gap state den51ty by Hz—anneallng,

'trlchrolo ethylene anneallng, or HCl ox1datlon is understood

by bondlng H or Cl to the 513: Si- dangllng bond at the inter-

face.

These situations are illustrated in Fig. 5-5-1.
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Fig. 5-5-1.  Calculated results on Si-Si0

(a) Perfect interface (b) oxygen danéling bond
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| (b) Si-Si weak interaction
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Impurity at the Si—SiO2 interface
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X=any of H, OH, Cl, and F
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no energy level } 'Si bandgap
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No energy level exists in the energy range
between 0.5 eV below the top of the valence
band and 0.5 eV above the bottom of the
conduction band of Si.
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bandgap.

A energy level
appears about the
Si midgap.

(d) Si-0 weak interaction

The energy level in
the Si bandgap varies
with the change of
the configuration.



CHAPTER 6. = BONDING DEFECTS IN S10,

[~ 45
SECTION 6-1. INTRODUCTORY REMARK

Recently, as the sizes of MOS integrated circuits become
very small to the order of sub-microns and accordingly the high
doping density is employed, the electric field near the channel
becomes very high. This high electric field acceralates the
electrons and injects them into the S10; layer. The injected
electrons are then trapped in the S10, bulk traps and change
the Vth. This instability of MOS devices becomes a technologi-
cal problem .in making short channel MOS transistors. It is
.called the "hot electron injection problem", 'hpt, because the
injected electrons have enough energy to overcome the S1-S10,
electronic barrier higher than 3 eV and electrons having the
energy of 3 eV are considered hot in a thermal equibrium,

The bulk traps of Si0O, is thought neutral before they are
negatively charged up by the injected electrons, because they
do not affect the initial flat band voltage shift and in
addition the capture cross sections of these traps are between
l.7x10~4§ and l.OxlO-l? '[cml]fg which are considered to be
those of neutral tr'apsiaj

In éddition to the problem concerning to MOS transistors,
the elctron capture in the oxide gives a grave effect on the

operation of FAMOS. In FAMOS devices, the avalanche voltage
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increases as the write-erase cycle 1s repeated (so called
"walk-out effect"). However, the microscopic origins of
the neutral traps are not yet clear. This chapter is dedicated
for obtaining the theoretical background of the neutral traps
and shedding 1light on the electron injection problem. The
calculation has been carried out assuming various atomic
configurations of amorphous SiO, with or without bonding
defects and impurities in Sec. 6-2. According to the results,
some of the origins of the neutral traps are proposed in Sec.

6-3. Section 6-4 is devoted for the summary.

SECTION 6-2.  MODELS FOR CALCULATION

The structure of amorphous S102 is éonsidered as a
randomly connected Si0, network as shown in Photo 6-2-1. There
1s another kind of model called "micro-crystalline model", but
in anyway the radial distribution function calculated by the
"random network model" agrees excellently with experimental
results. The Si1-0-8i bond angle 1s thought to be varied between
120° and 180°, so that the calculations of this chapter is
executed with varying the bond angle 1in this range. The
Bethe-lattices mentioned 1in the previous chapter are used to
represent the amorphous SiO.. Two Bethe-lattices and an
oxygen atom are connected all together with varying Si1-0-Si

bond angles to make a perfectly bonded amorphous SiO. In




order to simulate a Si-Si bond in Si0,, two Bethe-lattices are
interactéd each other. Furthermore, impurities such as H, C1,
and F are bonded to a Si0x Bethe-lattice to calculate the
effect of impurities in Si0,. These models are illustrated in
each figure of calculated results in the next section. The

employed Hamlltonians are the same as those explained in Chap.

5.

SECTION 6-3. RESULTS.AND DISCUSSIONS

Amorphous * S10, without Si dangling bonds and oxygen
vacanciés has no localized level in the Si0, bandgap, even if
‘the Si-0-31 bond angle is varied in the range from 120° to
180°, In this perfectly bonded SiO, without bonding defects,
the top of the valence band fluctuates about 0.4 eV by varying
the Si-0-Si bond angle as shown in Fig. 6-3-1.  This
fluctuation may cause some effects on the hole injection from
Si to Si0». Si dangling bonds, oxygen vacancies, and Si-Si
bonds in Si0, produce levelé in the SiO» bandgap, whose energy
levels are given in Fig. 6-3-2. This dangling bond level
changes iﬁs energy level about 1 evngs shown in Fig. 6-3-3
according to the Si-0-81 bond angle variation, that is, by
amorphous ~effect. The O-vacancy 1level also varies by this
amorphous effect slightly, as shown in Fig. 6-3-4.

The Si dangling bond level and antibonding level of Si-Si bond
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in Si0, can be the origins of the neutral traps. If the Si
dangling bond or Si-Si bond exist in Si0, near the Si-Si0,
interface, the electrons in these levels can_go into the Si
conduction band by tunneling and leaves positive charges, which
can be one of the physical origins of the positive fixed
charges commonly observed in the Si-Si0; systemf”

The effects of the bonding of H, Cl, and F can not be
predicted clearly because the results are dependent on the
choice of K parameter of the EHT. If the value less than 1.0
1s used for the K parameter, then the impurity level appears in
the‘ Si0> bandgap, whereas with the greater value the level
dissapears. So that the situation is critical. But in anyway,
the 1level moves upward to the conduction band of SiO.. Since
we thought that this effect can be detected by an avalanche
injection and a photo-depopulation measuremenfs, these experim-
ents are carried out in Appendix B only‘to find that the

sensitivity of the measurements 1s too low to say some definite

conclusions.

SECTION 6-U4. SUMMARY

Calculated results are summafized in Fig. 6-4-1. Accordi-
ng to these results, some chemical origins of neutral traps in
the thermally grown oxide might be a Si dangling bond level and
an anti-bonding 1level of a Si-Si bond including an oxygen

vacancy 1in the oxilde.
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Photo. 6-2-1. Random network model of amorphous SiO,.
Black plastic balls are Si atoms and bended point of lines
is oxygen atom. 8i-0-31 angle is chosen to be 144° which
1s believed to be the peak value of the Si-0-3i angle
distribution in the real a-3i0,. It is easy to construct
this kind of model without heavy stress.
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Fig. 6-3-1. Si-0-3i bond angle dependency of the
top of the Si0, valence band. In the illustration
open circles and closed circles denote 0 and Si
atoms, respectively.
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IN Ssio
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(1) (d) 8104 with no.defects: : (b) oxygen dangling
B bond
(2) 8i dangling bond
(3) 8i-Si bond (0O-vacancy)
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on the amorphous Si10,.

No energy level
exists in the
Sio2 bandgap.

A energy level
exists in the
SiO2 bandgap.

Two energy levels
exist in the SiO2
bandgap. These

levels vary with
changing 4 and 9.

Fig. 6-4-1, Summary of the calculated results




CHAPTER 7. CONCLUSIONS

A ‘calculation procedure dealing with the electronic
structure of érystalline Si-amorphous Si0, interface including
microstructural defects is presented based on semiempirical
tight-binding Hamiltonians and Green' function formulation and
applied to the calculation of trap states at the interface
between amorphous SiO, and the Si substrate with (111)
orientation. This calculation method can be applied to the
interfaces of materials other than Si-Si10, if the proper
tight-binding parameters are given. The electronic structures
of the amorphous SiO. with or without bonding defects are also
calculated.

The following results are obtained. = A perfect interface
and the interface including oxygen dangling bond have no energy
level 1in the Si bandgap, whereas Si;=Si- dangling bond has a
energy level at about the middle of the Si bandgap. Si-Si weak
bond and Si-S8i weak interaction at the interface give rise to
gap states whose‘energy move in the energy range lower than the
midgap with vérying the distances between these two Si atoms.

On the other hand, the energy levels of Si-O weak bond and
S1-0 weak interaction at the interface appear at the upper half
of the forbidden gapvof Si, depending on the distances between
the Si atom and the O atom;

Posssible origins of 1interface trap states whose energy

levels are distributed continuously in the Si bandgap are
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suggested to be these Si-Si stretched bond, Si-Si weak
interaction, S8Si-0 stretched bond, and Si-0 weak interaction at'
the interface;

The reduction of the interface trap state dehsity by H,
annealing, trichrolo-ethylene annealing, or HCl oxidation is
understood by bonding H or Cl to the Si;=Si- dangling bonds at
the 1nterface. According to the calculated results, the
posslbility of F annealing is also suspected.

As for the SiO» bulk traps, some of the origins of the
neutral ¢traps in the SiO. film are suggested to be the Si
dangling bonds and Si-Si bonds in SiO,.

These situations are 1llustrated in Fig. 7-1.
- The developed method itself is simple and flexlble and can

be applied to crystalline free surfaces with or without
relaxation and/or reconstruction, impurity chemisorped surface-
S, Bethe-lattices, bulk impurity problems, defeéts, and other
complex problems such as superlattices and multilayer problems,
if the proéper tight-binding parameters are given. If a dyhamic
matrix 1is wused for Hamiltonian, phonon spectra and Raman
~ spectra can alsb be calculated. - It should be noted that the
éalculation method wused in Chépé. 5 and 6 is mathematically
exact except for the 1limitation caused by the practical
numerical calculation such as the finite number of the sampling

‘points in k space.
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PROGRAM
NAME

SBFIT

DSBFIT

SBFIT3

DFIT
BAND

BETA

ALPHA

"DOS -

SURF

SURF12

CBLM3-

GEE

PAGE

Al-1

Al-7
A1-8

Al-9
Al-10

A1-25
Al-35
Al-4Y
Al-45
Al-53

Al-55

A1-60

APPENDIX A

INDEX FOR

PROGRAMS

CONTENTS

Calculate silicon energy eigen values and their

sensitivities to tight-binding parameters, and

store them in file 20.

Data for SBFIT.

Calculate better tight-binding parameters for

Si, using eigenvalues and sensitivity matrix

given by SBFIT.

Data for SBFIT3. Offering fitting points.

Subprograms for calculating band structure of

S10, and electronic structures of SiO,

Bethe-lattice, which must be compiled before

following
Calculate
obalite.

Calculate
Calculate

Calculate

all programs.

energy band structure

energy band structure
density of states for

Green's functions for

of bete-crist-

of alpha—quartz.
alpha-quartz.

semi~infinite

Si free surface for a certain k-vector Output

¥S to file 21.
Iss .

Calculate Green's functions for Si slabs of

finite thickness.

Calculate local density of states for amorphous

Si.

Calculate Green's functions for Si0, Bethe-la-

AD— ]

09
'



PROGRAM PAGE
NAME '

DATAO A1-T74
GEEO Al1-75

DGEEO A1-84

PERFIN A1-85

DPERF A1-89

DANGLE- Al1-90
DDANG Al-92

OVAC  A1-93

: DOVAC A1-96
. OHCL A1-97

DOHCL3  Al-104
SIGEEO  A1-105

CONTENTS

ttice. Output dg to file 22.
Data for GEE.
Connect oxygen atom to Si0O, Bethe-lattice.

Input §,, from file 22. Output 34y to file 23.

‘And calculate Si-Si bond level and impurity

levels in amorphous SiO,. In addition,
calculate DOS of bulk a-Si0,. Output j:a and
2’ to file 28 and 29.

Data for GEEO.

Solve perfect interface problem. Input 55} and
4y from rile 21 and 23 . Output 9f, to file 2h.
Daté for PERFIN.

Calculate dangling-bond level. Input éPF and
3% from file 24 and 23. Output s to file 26.
Data for DANGLE.

Calculate Si-Si bond level at the Si-SiO

interface. Input i?,« and ?jsg from file 26 and

- 22. Output 9§, to file 27.

Data for OVAC.

Calculate impurity problem at the Si-Si0;
interface. Input ‘ggaand 37 from file 22 and
26. Output j‘“.

Data for OHCL.

‘Calculate energy level of stretched Si-O bond




PROGRAM
NAME

DSIG

WEAK

DWEAK

WEAKS

DWEAKS

PAGE CONTENTS

at the Si-Si0, interface. Input 'qr,(*Y and 9y;
from file 23 and 26. Output gf}'e .

Al1-107 Data for SIGEEO.

A15108 Calculate energy levels for weak Si-0 interac-
tion at the Si-Si0, interface. Input 3’5‘1 and
jg; from file 26 and 28.

Al1~-111 Data for WEAK.

Al1-112 Calculate energy levels for weak Si-S1
interaction at the Si-Si0,; interface. Input
jf.,- and ‘}:os from file 26 and 29.

Al1-114 Data for WEAKS.




4.200H SYMBOLIC LISTING COMPUTER CENTREs UWIVERSITY QF TOKYO DATE &
bz SBFIT JF Al402.5,FORT

lygoo100 FUNCTION HH(ANKsLCIs#MCIaANLsLCJsRsNANKsNANL)

300{,0200 [NTEGER ANKANL

9000300 ZQUIVALENCE (P(1)»sSESSYs(P(2)sSESP)»

Je00400 %* (P(j)saVbo)9(P(4)93V5P):(P(J),SVPPS)y(P(é),SVPPP)7
11000500 * (P(7)55U55),(P(8)>5U8P)>(P(9)>SUPPS) 5 (P(10)>SUPPP)
waoéoﬂ ZOMMON /COMP/P(10)

10000700 ANK=ZARNK 3 ANL=ANL 3 RANK=NANK 3 NANL=NANL

10000800 3VPS=SVSP ;SUPS=SUSP

k000900 C-=~-= ~SILICON=====~

§0010600 200 CONTINUE

11001100 IF(ABS(R)WLT. 0.01) 63 TO 220

10001200 [F(ABS(R)«GT45.) GO TO 210

001300 C---=- ~1ST NEAREAT=====-

001400 400 CONTINUE

1001500 ZXPBR=1.

J001600 IF(LCILEQeQ+ANDSLCIEQ.D) GO TO 201

1001700 IF(LCI.EQs0+ANDW+LCJeEQL1) GO TO 202

swwlooo - IF(MCILEQWD) GO TO 204

002000 [F(MCI+EQs1) GO TO 205

002100 5TOP 0008

0002200 201 AH=EXPBR%SYSS G0 70 1
002300 202 {H=EXPBR%SVSP 3G0 TO 1

i 203 1H=EXP3Rst(~SyPS) GO TO 1
204 AH=EXPBR%#SVPPS ;G0 TO 1
‘205 {H=EXP3R#SVPPP G0 TO 1

Commmm= 2ND NEAREST===--~
;WMZBOO 210 CONTINUE
1002900 IF(LCI.EQe0sAND. LCJ £Q.0) GU TD 211
1003000, IF(LCI+EQe0+AND.LCJeEQ.L) GO TO 212
603100 IF(LCI«EQs1+AND.LCJ,ER.0) GO TO 213
0003200 IF(MCI«EQeQ) GO TO 214
0003300 " IF(MCIl.EQel) GO TO 215
0003400 STGP 0009

003500 211 4H=SUSS ;G0 TO 1
Puosso0 212 {H=SUSP 3Gd TO 1
f03700 213 44=-5UPS 360 TO 1
f003800 - 214 HH=SUPPS 360 TO 1
{03900 215 A4=SUPPP 330 TO 1
P0o4o00 220 IF(LCILEQWD) GO TO 221
fosioo IF(LCI.EQel) GO TO 222
04200 5TOP 0013

f1004300 221 AH=SESS 360 TO 1
foss00 222 4H=SESP 3GD TO 1

04500 1 CONTINUE
70%4600 C VRITE(62101) HH
§1004700 C 101 FIRMAT(!' HH='3F10. 3)
20004800 RETURN. 3END
;mwaqoo - PROGRAM SBFIT
10005000 ZOMMON/COMO3/ V(40)s4(20540)
‘0M51OO COMMON/ZVECK/VECK(3)
10005200 COMMON/ARRAYS/S(40540)3Y(9555203)92(173245)"
;0%5300 ‘OMMON/NATonS/'NAT04Q,N,NK,
,WM5400 COMMON/ZINFO/Z AN(40) s NOUT :
~um5500 COMMON/INFOL/C2(40)»J(80)sULIM(40) sLLIM(40)sULK>ULL s ANL » ANK
0W5600 ZOMMON /CON/CSS552CS85XsCSSXXCOUSSaCO0SXaCOUXXaCSSsCSXsCXSHCXD
F000570¢0 ZOMMON/ZVOIP/ VOIP(4,10),A7tTA(+:10>aCDNST,0M1,Gw2,VP(4s10)s

Wwbaoovv % - AZP(4510)

Al - 95



ZOMMON /PUS/PUQ(B:IO}’BLsAU’THaPAI:RODT2:NOOT3
ZOMMON /H/H(40540)
ZOMMON /NC/HC(18)»LC(10)9MC(10)
- COMMON /COM017/ 28(40540)52ZH(40540)
COMMON /COM02/7 PM(40540)9RM(40540)
COMMON ZNAN/NAN(40)
COMMON /CDﬂoF/FAC(12>4U)aOLDEP(é)sIPl
INTEGER AN>ULIM>ULKs>ULLsCZyUsANLsANK
REAL#3 V
VD?PLEX 16 ZS55ZHsPMaRM

COMPLEX%8 ZTHETASZEXP -

Limo7000 ¢ TOYMENSTON SD(292512)»ST(13)»DELV(8)»SROT(12512)
105007100 _ JIMENSION F(3512)sHD(16516512)
10007200 JIMENSION AKM(357)3ROT(12512) sR0OTD(4s4) sROTDL (4s4)

3ty ARAT(12212)2RT(13)
JATA ROT/1443%0./
JATA AKM/53%#0¢204612253%043061390e504304592
3 2304459906925 002044832%0e5045/
JATA AU/ 529167/3sPA1/3.141592/3s6L/2+35/5A/5443/
JATA AN/14514914514/7NATOMS/ 4/
JATA F/0e21e3lesles0031leslesleslen

% Qes=ler=Lles~Lle20e2-1loo=les=1es0y>
oK Oq’1}""1&7"’1990091091-3"19’0-9
GOOOBIOO H 0-"'l,-’lx.-31-’0-9"'107"1.’19’00/
10008200 JATA ROTD/1lssleslaslyslenrles-las=-lan
40008300 3 los=leslas=lesles-les-l lesla/
§0008400 JATA TH/109.5/

00008500 )ATA RDTDI/I!’"lo?"lQ"lO’l.’ lo)lc’l"
' . 3 ‘ 1',11,‘10910’1-’li’107'1 /

JATA NAN/5355555/

REAL#8 WW(4097)
CJIMENSION DP(lO):LW(40):DLDV(8’7)
, , JOMHMON /COMP/P(L0) :
~e====CJ NEW PARAM HNN==-= ’ ‘ ;
JATA P/- 4Q23197,“2 0753&.7563:3 1292-0. 9212:4 0/

momm=<PP PARAM====
' JATA P/=4420350. 187a-2.08’2 1272 32:—0 52:2 t0e20a 58’—0 1/

c——— Cd 2 PARAH==m==m

- JATA P/-beb31485=2, 03:2 546>441882-1, 452’3 v9-04365/ .

***** ~~PRESENT======- o o
- JATA P/=542250, 839 -2 05:2 L0992, 33’*0 5430 084’-0.29’-47;-013/

~~~~~ ~TESTl--=-==-~
’  JATA P/-5+65851. 178,~2 053,2,08752+4265- .647’-100,-.539:.379:-

JIMENSION TESTO(11) ‘
)ATA TESTD/ 5097-043"001670056)"0156’00827‘0021"18’10647.0/
JATA DP/63%041543%0«01/
ZRUIVALENCE (R12RT(1)) . ' : :
ZIMMON /R/R19R23R33R42R53R63R79REIRISR105R112R122R13 ey
3 2 AK1sAK2 :
~~~~~~ PARAM FROM FILE 30-====
JEAD(30) (P(1)»]=1-10)
READ(59301) (P(I1)»]= lle)
201 FORMAT(F10.0) :
3 21 J=1912
JJ 21 1=1»3 '
21 FCLlsJ)=F(I»J)%*A/2e/Ad
m=====MAKE POS====== |
)0 30 I=1-3 ' :
. 23S5(Je1)=0. 5POS(I:2)=A/4(/AU
30 CONTINUE : :
23 1000 IPARAM= 1511 -
IPl‘IPARAﬂ 1 3[P2=]PARAM-2
CIF(IPL.EQ.0) GO TO 1001
~ IF(IP1.EQ.1) GO TO 1002
COPCIPL)=P(IPL)+DP(IP1)
L P(IP2)= P(IPZ) DP(IPZ)




TGO 70 1

GO TO 1

CONTINU
CALL RWRI
-3ULK PRO
~-MAKE SD
JO 40 IF=
J3 41 1=1
A235(193)=
20S5(I94)=
CJONTINUE
D 46 J=1

Jd 46 =1

ZALL INTG
CALL RWR]
CALL RWRI
JJ 408 1=
)0 408 J=
HD(1sJ»
ZONTINUE
D0 43 =1
JA 43 J=1]
4D 153)=
3(J21)=5¢
-0 44 J=1
)0 44 =1
1(12J)=HD
. ZALL RWRI
Sm———— »SCANNING -
. DD 2 MODE=
CIFCIP1«NES
D0 181 I=
VECK(I)=
)0 50 J=1
)O 50 I=1
T ZH(I s Jd) =
JO 50 IF=
- LTHETA=
)0 51 K=1
ZTHETA=
ZEXP= EX
‘ZH(IsJ)=
SONTINUE
CALL DEIG
ARITE (651
FORMAT (!

20 1004 1
FAC(IPL>s
30 TO 2
JJ 1005 1I=
ALDV(15MD

Ehaladelnds AAKE ,ROT
20 60 J=1
)J 60 I=1
ROT(T2J) =
RATCI+40
CROT(1+892J
10 63 J=1
20 63 =1

)0 63 K=1

P(1)=P(

IFC(IP1l.EQe

4ROT(IsJ)=

001
1)+DP(1)
001

E .
T(P>'PARAM 1'510510)
BLEM-=mw=~

AND HS-===~-

1’12 '

’

F(IsIF) :
F(IaIF)+A/4 /AU

216
916 .

5(17J)=00 ‘

RL .
TE(POS2'POS  '53510:10)
TE(S»*'S '94021658)
1516 ‘

Is16

IF)= S(I’J)

216
216

HD(I:J:3)
[,J)
’16
y16
(T+J93) Co
TE(H»'H '940916-8)

OF K VtCTQR---*#-

1»7
0«AND NDUE.ot-S) GO T0 2
1,3 ‘

AKM(I’MUDC)
38 -
»3

HD(IsJ»s3) .
1,12
04 .

’3 ' S
ZTHETA+VECK(K)AF(K:IF) (Oedle)
P(ZTHETA) - K
ZH(I:J)*HD(I:J+8:IF)nZEXP

CH(ZH»83405-82811., E ~153sWWalWaVeZS)

2) (VECK(I)sI=193)s(V(1)s1=128) .
EIGENVALUES AT NK='33F10e35! ARE',8r9.4)
0) GO TO 1903 ' ‘

=18

83 (MODE=1)+1)=V(1)=0LDV (I sHODE)

1-8
DE)= V(I)

CONTINUE

4

24

o SHROTD(I5J)

+4) = 5¥ROTOLI(]2J)
+3)=+5%ROTO(I2J)
»12

112

0.

y12

033 63 L=1

212 e e
CAl-3 | "




C

TIROT(15d)= dRDT(IsJ)+&OT(L»I) H(L:K)*ROT(K:Jiyl

63 CONTINUE

RT(1)=HROT(1s1) _ ' -
RT(2)=dAR0OT(1:2) ' T ‘ :
RT(3)=HROT(1+5)

AT(4)=HROT(158)

AT (5)=HROT(258)

RT(6)=1{R0OT(236)

AT(7)=AAR0OT(139)

RT(8)=rROT(2510)

AT(9)Y=HROT(1:12)

RT(10)Y=HROT(1210)

RT(11)=HROT(4210)

RT(12)Y=HROT(2511)

AT(13)=HROT(493)

CALL RARIT(RTs 'RT 1513513)

TALL RARITE(HROT 'HROT 151251258)

'“ALL S3SURF

1000

1006

1007

CONTINUE

Cmmmmm T FILE 20-===~-

2(10)=P(10)-DP(10)

) 1006 MODE=1s4

)3 1006 1=118

FAC(11s8%(MODE= 1)?1)‘DLDV<I:WDDE)
J0 1007 MODE=1,3
FAC(11sMODE+32)=0LDEP (MODE)

)0 1008 IP=1510

1008

1010

J0 1008 I1=140
FAC(IPs1)= FAC(IP:I)/UP(IP>

J3 1010 I=1510 |
FAC(Is40)=P(]) '
IRITE(20) ((FAC(I:JI,J 1540)s1= 1,12>
ZALL RMAT(FACs'FAC  '51224051258)

~3TOP END

3UBROUTINE SBSURF
[4PLICIT COMPLEAX8 (GaVsZ)

COMPLEX¥%8 H(83516)2V(828)

COMPLEXYB G(88) sCDET»CH(8)

COMPLEX#8 ZP(818)

B

ZOMPLEX#8 GST(S:&&3U)’ZQ(8:8) ‘
COMMON /R/R13R2sR35R42R5» RoaR7sR83R9:RlO:R11:R129R13

2 AK1 2 AK2

COMMON /COMH/H

ZOMMON /HOHDE/ HOsHDF
JIMENSION IP(8)
SQUIVALENCE (H(129)sv(1s1))

© JIMENSION HD(8s1626)3F(356)5H0(8516)

ZOMMON /COMSF/FAC(12540)>0LDEP(6)»1P1

JIMENSTION AKM(223),RGST(30)9EST(30)

AYA

3%

#

IATA AKM/23%04223%=30141632¢09424.189%9/

JATA V/64%0./ '
JATA F/=0e612430e¢35363002=0+61249-0435363504>
0020e70719049009=0e70715040
Ow6124"‘003536’097016124’093536’00/

JATA H0/128%004/2HD/768%04/

AGl=1s 3EPS3G=0.05 , . :
ZI=-0e9 3EF=1+63DE=0,1 DELTA=0404 3SEPSG=0.05

CIN=(EF-EJ+0.01)/DE 3NN=NN+1

- — -y

P d

[CONT=0 5BNDCT=0.33 5BNDCT=BNDCT/O.529
15C=0 '

~SCANNING OF K VtCTDR ------ ,

J0 1 MODE=1,3 o
AK1=AKM(15M00E) 3AK2=AKM(2,MODE)

-<5ETTING UP OF HAMILTONJAN~=====

ZALL SETHLL

CZALL CWRITECHs'H  '9851658)
oo S 98
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230

o - -

— - - -

- - -

- - .

1VO30500
;MU30600 -
UMsOcOO 247
10030900

~=<RESETTING OF Gm=m====

—— e

- —

-

- .

-

J0 30 I=1-8

JO 30 J=1-8

J(J?I)*Oo

~S5CANNING OF ENERGQY=—==~~-
1~CI DE ,quE O

~-CHANGE ENERGQY====-=
VUME=NUME+1

Z=E+DE

IF(F'bToEF+O 1%Ceg) Go TO 2
5= E+<J¢)l-)ADELTA '
J O ’IW O ’ISH—O
{=N+1
~CALCULATION OF NEW G---=-=-=
JO 51 I=1»8 ‘
J3 51 J=1-3

ZP(I’J):O,'
J0 51 L=193 : o
2P (1) =ZP (1 )V T L) RS (L2 d)
JJ 52 [=193

JJ 52 J=1s3

2Q(1sd)==H(1>5J)
)3 52 L=1s3
ZQ(1sd)=ZQ(¢ 12 J)=Z2(IsL)#CONJG(V(UaL))
J0 53 1=1,8 o

_73(1,1) ZQ(Is1)+ZE

CALL CINV(Z2Q5850289891.0- 149CDET:CN:IP;NSTOP)
IRITE(62205) N2EPSCaG(11)5G(494)5G(555)2G(818)sTN>ISW
FIRMAT(LIH 21439F3e35212)

-~CONVERGENCE CHAECK======-
C1=ABS(G(1s1)- ZQ(lyl))/(ADS(Z@(l,l))+O 001)
C2=ABS(G(44)-20¢434))/(AB5(ZE(434))+0.001)

C 23=ABS(G(5395)=23(555))/(ABS(Z2Q(595))+04001)

C4=ABS(G(B18)~2Q (8> 3))/(ABS(Z&(8:8))+0 ool)
ZPSC=C1l+C2+C3+C4

'JD 230 J=1,8
D3 230 1=1,8

3(1J)=2Q(15J)

 IF(ICONT-EQe1eAND+1SCeEQs1l) GO TO 303

IF(EPSCeGT.EPSG) GG TO 203
30 TO 204 ,
--NOT YET CONVERGED=~==~=
AG2=ABS(G(1>» l))+ABS(G(2»2))

IF(N.LTe3) GO TO 240

[F((AG2-AG1)H#(AGL=AGD)+GT+00) GO TO 241
<=MAX OR MIN===-=

IF(INGE,29) GO TU 244

30 TO (2435244) »1SW

[SH=[SW+1

-~BEFORE AVERAGING=-----=

IF(ISW.EQe0) GD TO 240

-=IN AVERAGING====-~

CIN=IN+1 -

-~STURAGE==~=-~~
)J 245 1=1,8

)0 245 J=1,8
3ST(J»15IN)=G(J51)

.30 TO 240

--AVERAGE AND CHANGE===--- . S
J0 247 [=1,8 . ' :
)0 247 J=1,8 :

3(J’I)=0.

)0 248 K=1,IN
3(J1)=G(Js1)+GST(Js12K)

S(dr1)=G(JdH 1 /IN -

ISW=0 3IN=0 o | e 99 ’

-

ar-L



bigo31000 2407 130=AGL 3AGl=AGZ

J10031100 30 To 50
- §00031200 Cm==m==- CONVERGED=~=-~~ -

$0031200 204 ZONTINUE -
031400 C CALL CW4RITE(Gs'G 158,818)
031500 [F(ICONT4EQ.0) &0 TU 302
110031600 C JO 301 J=1s4

031700 C JO 301 I=1,4

10031800 C {(1sJ+8) =H( 15 J+8) HEXP2
10031900 C ACT+49J+12)=H( I +45J+12) %EXP2
100032000 C 301 {(I+45>J+8)=H(I+4>J+8)HEXPL
?wwzloo C 15C=1 360 T3 50

303 ZONTINUE
15C=0
)D 306 J=1,4
)0 306 =14
AT J+B) =H(15J+8) /EXP2
| O A(I*450+12)=H([+45J+12) /EXP2
032800 C 306 {(1+45J+8)=H(1+45J+8)/EXPL
40032900 302 SONTINUE

axalaraNa¥e!

110033000 C 4?IT&(6’202) NaNUMEsESEPSCHG(1> 1)ab(474)’6(535)36(878)
0033100 C CALL CWRITE(G»'G 158:858)
400033200 C 202 FORMAT(IH 12133F7+25F84328F743)
033300 RGST(NUME) ==AIMAG(G(1s1))
“dwo3zs00 ST (NUME ) =E
- 110033500 329 TO 40
4 2 CONTINUE
JLAR-O-

.00 63 NUME= l’NJ . '
O IF(RGST(NUME) « LESPEAK) GO 70 63
- PEAK=RGST(NUME) ‘
-~ 1E=NUME
63 SONTINUE .
- IF(RGST(IE=1)~ RhST(lt+1)) 64265965
54 Y1=RGST(IE) 3;Y2=RGST(IE+1) ‘
Z1=EST(IE) SE2=EST(IE+1) ‘
3D T0 66 - ‘ -
65 Y1=RGST(IE-1) 3Y2=RGST(IE)
, CZ1=EST(IE=-1) $SE2=EST(IE)
66 ZPEAK=((YLIXEL~Y2%E2) o o _
¥ +SART(YL®Y2%(EL1~ EZ)AKZ ~DELTA#R2#(YL=Y2)%%2))/(Y1-Y2)
IF(IP1.EQ«0) GO TO &7 ' ,
AFAC(IPl:NUDE+32) EPEAK OLDEP(NODE)
, 30 TO 68 .
67 JLDEP(MODE)= EPtAK
68 CONTINUE
IRITE(6369) AK1ls AKZ:EPEAK’MDDE
59 FIRMAT(1H »'AK15AK22EPEAK>MODE="»3F8, 4:[5)
1 ZONTINUE
RETURN SEND

CJF AL402.5.FORT LIST END

iy “7-'100




| -200H SYMBOLIC LISTING COMPUTER CENTREs UNIVERSITY DF TOKYD DATE ¢

b DSBEIT  JF  AL402.5.FORT

f000100 =5,29
100000200 14049
J10000300 =24144
$i0000400 24909

10000900 0.435
001000 =0.1535

BR DSBFIT  OF  AL40245.FORT LIST END

A= T




EHQOOH SYMBDLIC’LISTING COMPUTER CENTREs UNIVERSITY OF TOKYO DATE &

fQR SBFIT3 JF Al1402.5.FORT
mMOlOO IROGRAM SBFIT3
wMOZOO [MPLICIT REAL%B(A=HsJ=Y)
10000300 : REAL#4 FAC(12240)2%PL(10)
%W0+00 JIMENSION ET(25) 9 IET(25)sW(25)9sAA(12312)3F (40512)>
%WOSOO 3 . PO(lO):Pl(lO);ULLtO(25):JtLEl(25):DPO(10)’
o 3t £1(25)sNANS(12) .
| Cmmmm~— LSUBPD (F4DLESW1aF4OLINSL)====-~
Commm—= FETCH FAC FROM FILE 20==—===-

READ(20) ((FAC(I3J)5Jz1540)5121512)
32 10 1=1512
, 3D 10 J=140
<wM1200 10 F(Ja1)=FAC(Isd)
{01300 CALL RMAT(FACs 'FAC  '151224051258)
Jnoo1400 )0 11 [=1510
fuoo1500 11 20(1)=F(40,51) |
11001600 C=~====READ=IN IET,ETsH~====-
Ji901700 READ(55100) N
f001800 100 FORMAT(I2)
boo1900 20 20 I=1sN |
1002000 READ(55101) TETCI)sET(I)sW (1)
I 101 FIRMAT(I222E1040)
20 CONTINUE
Cmmmm= CHANGING oaoea--~-‘
20 30 I=1sW
)0 30 J=1312
30 AU D EFUIET(I) )
C-=-===CALCULATE DELEQ----=
20 31 I=1sN -
31 JELEO(D)I=ET(I)=F(I»11)
Cam=m=<SOLVE~====
CALL DLESWL(FsiNs10s 40:12:DELEO:W:AA,NANSaDPO,NSTDP)
- VRITE(65220) NSTOP
220 FORMAT(' STOP='512)
C~=-===CALCULATE NEW PARA4cTERS-~-——
| 00 32 1=1510
32 31(1)=P0(1)+DPO(I) |
 CALL DWRIT(PL»'NEWP '510210)
C--==-=EVALUATION OF NEW PARAMETERS===--
10 33 =150
Z1C1)=F(Is11)
)] 34 J=1,10
34 S1C1)=EL(L)+F (12 J)%0PO(J)
33 JELEL([)=ET(I)-EL(I)

Cmwm=~ ~AUTPUT =~ ===
IRITE(65103) ‘
1903 FIORMAT(1HOs? I IET cT W EO'
‘ 3 U DELEO El DELE1'")
)3 40 I=1sd

40 IRITE(62102) I:IET(I)aET(I):W(I):F(Iall),DELEO(I),El(I)9DELE1(:
102 FIRMAT(LH »213+s8F10+4)

i Cmmmmmm QuUT FILE ON 30-----
{05200 JO 41 1=1910 ‘

%4W5300, 41 RPL(I)=P1(1) - | SR
P0s310 ¢ WL(1)=RP1(1)-E1(2) ;RPL(2)=RP1(2)-E1(2)
05400 HRITE(30) (RPL(1)51=1510) |

{005500 _ 3TCP 3FEND

ER SBFIT3  JF AL402.5.FORT LIST END i s ae
i T R oo 109
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E%QOM%SYMEOLIC LISTING COMPUTER CENTRE» UNIVERSITY OF TOKYO DATE 8.
JF Al402.5.FCORT

"12.5 l.
10.
1.
1.
"897 E l.
‘3'3 l.
1.

05 ’ 1|
=77 1.
~le2 1,
le

1.
2 10.
10,

1o

104

§8 DFIT  JF AL402.5,FORT LIST END

L. ..103 ..
] R i f:4/7L? p o - ;



| B

{2000 SYM3ILIZ LISTING  COMPUTER CENTREs UNIVERSITY OF TOKYO DATE 8

P

b BAND I Al402.5.FORT

bcc0100 SUBROUTINE COEFFT

100200 IAPLICIT REAL¥4(A-H>0-2)
ZOMMON/ARRAYS/S(40540)5Y(9135)52( 765)
)1 1 12129135

1 ((1)=0,0D0

)0 2 I=1,5765

2 2(1)=0,0p0

Cm====i LUOAD NON-ZERD Y CUEFFICIEVTS
((/039)- , 6400
Y(7040)= 6400
((7049)=  =64,00
Y(7032)= ~-128,00
1(7041)= -64400
Y(7033)= =128.D0
Y(7042)= 12850
Y(7025)= 64200
1(7034)= 128.D0
¥(7026)= . 64400
Y(7035)= -644D0
Y(7027)= ~64+00
Y(6904)= -96.D0

O Y(6913)= 32,00
Y (6896)= <192.00
CY(6905)= 192.00

Y(6G906)= . 288.D0

Y (6915)=  ~96.D0 .

7(6889)= 192.D0

. {(6907)= =192.D0

- ¥Y(6890)= - 96.D0

Y(6899)= -288.D0)
L ¥(6891)=  =192.D0
7(6900)= 192.00
S Y (6892)= ~32.D0
Y(6901)=  96,D0
Y(2854)= ~16.D0
1(2863)= 16.D0
Y(2847)= 3200
Y(2856)= ~164D0
((2865)= -164+00
7(2840)= ~16.D0
Y(2849)= ~-16.D0
Y(2858)= 32400
Y(2842)= 16.D0
Y(2851)= ~16a00
Y(2710)= 484.D0
Y(2719)= ~-48.D0
7(2711)= 48,00
Y(2720= -964+00
((2729)= 48,00
Y(2703)= ~48400
Y(2712)= -484D0
Y(2721)= 96,00
Y(2704)=  =48.D0 -
Y(2713)= 484,00
Y(2722)= 48400
{(2731)= -48,4,D0
Y(2705)= 96400 : B
Ce7ib= 4800 104

Al- /o ,




biss00 (2753 248,00

)=
$10006000 Y(2706)= 48.D0
$i0006100 Y(2715)=  =96.D0
$10006200 Y(2724)= 48,00
fi006300 O Y(2707)=  =48.D0
bi006400 Y(2716)= 48,00
10006500 Y(5329)= 64 D0
$10006600 Y(5322)= =128.00
h0006700 Y(5340)=  ~64.00
110006800 Y(5315)= 64400
fio06900 Y(5333)=  128.D0
110007000 C1(5326)= -64.00
110007100 Y(5185)=  =96,00
110007200 7(5194)= 324D0
H0007300 Y(5186)=  =96.00
110007400 Y(5195)= - 6400
{10007500 7(5204)= 32.D0
410607600 {((5178)= 9600
Hnoa7700 7(5187)= 32,00
100007800 Y(5196)= 6400
0007900 Y(5179)= 96400
100008000 Y(5188)=  =32,00 .
10008100 {(5197)= _ 32.D0
110008200 Y(5206)=  =96.D0
100008300 7(5180)=  =64.,D0
10008400 ¥(5189)=  =32.DO
100008500 ; 7(5198)= - =96,D0

S ¢(5181)=  -32.D0
Y(5190)=  -64.D0
Y(5199)= 96400
7(5182)=  =32.00

Y(5191)= 96.D0
((4375)= " =144.D0
Y(4384)=" " -96%D0
Y(4393)= -16.D0
Y(4368)=  _144.D0
Y(4386): ~48,00
((4395)= 86«00
Y(4370)=  =96,D0
Y(4379)= 48400
Y(4397)=  =144,D0
Y(4372)= 16.D0
1(4381)= 96400
Y(4390)= 144,00
Y(1900)= 144400
Y(1909)= =144.00
{(1893)= =144.D0
Y(1920)= 144,00
Y(1895)= 1444D0
Y(1922)= -=144.D0
Y(1906)= =144,00
Y(1915)= 144.D0
Y( 955)= =16.00

Y( 964)= 3200
Y( 973)= ~-16.D0
Y( 948)= 16,00
1( 966)= ~48,40D0
Y( 975)= ° 32.D0
{( 950)=  '=32,D0
y( 959)= 484,00
¥( 977)=  =16.D0

Py

(C 952)=  16.D0
T 961)=  =32,00
Y( 970)= 16400
Y(B155)= 64400

... Y(Bl56)=  -64.D0 .

105



fn1sz00
18500
P00

{(8165)=  =64400

r(B8148)=  ~64400
7(8157)= 64«00
1(8149)= 64D0
7(8158)= 64400
Y(8150)=  -64.00
7(8020)=  =96.00
Y(8029)= 3200
Y(8021)=- 123.00
Y(8013)= 96400
Y(8031)=  =96.00
((8014)= =~1254D0
Y(8015)=  =32.D0
1(8024)= 96,00
Y(7084)=  =-64.00 "
((7076)= -128.00
((7085)= 64400
((7086)= 128400
Y(7069)= 128400
Y(7070)= 644D0
¥(7079)= =128.00
7(7071)=  ~-64.00
7(3205)= ~-16,00
Y(3214)= “16+00
7(3206)= 1600
Y(3215)=  =16.00
Y(3198)=  16D0
7(3216)=  =16.00
S ((3199)= -164D0
Y(3217)= 1600
Y(3200)=  ~16.00
Y(3209)= = 16.D0
Y(32061)= .. 16.D0
C{(3210)=  =16.00
Y(7579)= 64400
Y(7580)= -64400
((7572)= =1284D0
Y(7573)=  128.D0
Y(7565)= 64400
Y(7566)= -64,00
Y(5680)= 64200
Y(568l)=  -64.D0
Y(5673)=  ~64.D00
Y(5691)=  =-644D0
Y(5674)= 64400
Y(5692)=  64.00
Y(5684)= 64400
Y(5685)= -64.00
Y(7435)=  =96.D0
Y(7444)= %2.00
Y(7436)=  =96,00
((7445)= 160.D0
1 (7428)= 96.D0
Y(7437)=  1284D0
Y(7446)=  =96.0D0
((7429)= 96,00
((7438)= =-128400
Y(7447)=  =964D0
Y(7430)= =160.00
Y(7439)= 96400
((7431)=  =32.D0
Y(7440)= 96.D0
Y(5545)= -9640D0
{(5554)= 32+D0
Y(55486)= - 3200
{(5555)= 32400

A2

106




110020600
{20700
110020800
10020900
110021000
0021100

90021200

400021300
100021400
190021500
100021600
100021700 -

100021800

021900

022300

wo23000
{10023100
jwe2zzo0
100023300 Comm--
- {0023400
110023500
10023600
023700
10023800
{0023900
100024000
024100

.

- 100024200

100024300

24400
110024500 -

00024600
0024700
0024800
0024500
10025000
10025100
10025200
0025300
0625400
0025500
9%25600

. 4eDO

Y(5538)- 6o
Y(5556)= 32eD0
Y(5539)= =32.00
{(5557)= ~-96.0D0
Y(5540)= ~32+00
{(554G)= -32.00
7(5541)= ~32.D0
Y(5550)= 96400
{(3070)= 48.D0
Y(3079)= -48.D0
Y(3071)= -48400
¥(3080)= 48,00
Y(3063)= -48.00
r(3081)=— 48.00"
Y(3064)= 48,00
Y(3082)= -48.D0
Y(3065)= 48400
1(3074)= ~484D0
Y(3060)= -48.00
7(3075)=  48.D0
Y(8200)= -64.00
Y(8201)= 64.D0
Y(8193)= 64,00
Y(81l94)= =64 .00
Y(7615)= -64.D0
Y(7616)= -64.00
Y(7625)= 64000
Y(7608)= 64400
Y(7617)= 644D0
Y(7609)=  64.D0
{(7618)= ~64,00
Y(7610)= ~64.D0
S ((3259)=  =16.D0
Y(3243)=  =16.00
Y(3261)= 16.00
Y(3254)=  =~16.D0
{(5725)= -64400
Y(5718)= 64.D0
Y(5736)= 6400
{(5729)= -64.00"
{,OAD NON=- ZERO Z CUEFFICIENTS
2(341)= - =1+D0
2(343)= - 200
2(345)= . =3.D0
2(347)= 1.00
2(664)= ~1+D0
2(665)= 500
2(666)= -10.D0
2(667)=  10.D0
2(668)= ~5.D0
2(669)= 1.00
2(154)= ~1.00
2(156)= 500
2(158)= -10.00
2(160)= 10.00
2(162)= ~5.00
2(164) = 1.00
2(222)= -I-DO
2(223)= ~ 100
2(224)= 4400
2(225)= -4+00 *
2(226)= ~6+D0
L(227)= 6eD0

A1)

————




hio270090
§027100
{9027200
§10027300

027700
{1027800
027900
11928000
11028100
11028200

110028300

§26400

fne29800
Jun29900

031300

031400
{no31500
31600
031700
11031800
10031900
{1032000
032100

{32200

T (229)=

2(230)=

L(231)=

2(307)=
2(308)=
2(309)=
2(310)=
2(312)=
2(313)=
2(314)=
2(315)=
2(409)=
2(410)=

L(411)=

2(412) =
7(413)=
2{414)=
2(415)=

2(327)=

- 2(328)=

2(329)=
2(330)=

Z(331)=

2(460)=

1(462)=
L(464)=

-4.D0

-1.00
100
‘1900
230
200
-5+00
6400

=200

=200
1.00
~1.00
320

=100

-5400
5.00
1400

-3.00
1.00

f*l.DO

4 e D0
=5400
5400
24400
1.D0

‘“1000

200
‘2-00
1.D0
fl-DO
1.00
1+D0 -
"3!30

© o 2.00

'2-00

C =3.00-

1.D0
1.00
-1.00
-1.00
1.00
'lnDO
-~ 1.00
-1.00
1.D00
2400
“2!00
-1.00
100
~1+00
3.D0
-3.00
100
100
'loDO
~-3.00
3+00
300
~3,00
~1.00

C1.00 &

1«00
~200 °
1.0

A1




~fn0z6200
0036300

10036400
{%036500

100036600

100036700
Jno36800
110036900

166037000
037100
0037200

40037300

100037400

40037500

100037600

{00637700

00037800

10037900

10038000
10038100
10038200
10038300
10038400
10038500
0038600
10038700
00038800

RETURN
ZND
FUNCTION Sb(Qul,LLl)AM$NN2:LL23ALPHA:BETA)

[APLICIT REAL¥4(A-H»3-1) .

J0CEDURE FJR CALCULATING REDUCED OVERLAP INTEGRALS
ZOMMON/ARRAYS/Z5(40540)3Y(9955203) ¢ s2(17545)
COMMON/ZAUXINT/ZA(L7)53(17)

INTEGER ULIM

11=NN1

Ll=LLl

A4=MM

12=NN2

L2=LL2

2 =(ALPHA + BETA)/2+00

AT=(ALPHA - BETA)Y/2.30 "

{ = 0600

1=1ABS (M) ‘

REVERSE QUANTUA NUMBERS IF NECESSARY

TFC(L2oLToll) e ORe((L2+FEdall) s ANDo(N2uLTa N1))) GO To 20

33 TO 30

{ = N1
1= N2
2= K
<= L1
Ll= L2
S L2= K
AT==pPT
ZONTINUE
< = MOD((N1+N2-L1-L2)»2) | o
----- FIND A AND B8 INTEGRALS ' o

ZALL AINTGS(PasNl+nN2)
CALL BINTGS(PTaN1+N2)

IFC{L1eGTo0) e ORy(L2e3Ts 0)) GO TO 60

Cama==3EGIN_SECTION _USED FUR OVERLAP - INTEGRALS INVDLVING S FUVCTIDNS

----- FIND Z TABLE NUMBER L
a (90~ 17%N1+N1%X2 ZANZ)/Z

L -
JLIM = N1+N2
LLIM = 0

J) 50 I= LLIW:ULIM
l\Il N1+nN2-T+1 ‘
X+Z(I+1,L)kA(I+1) ¢B(NNIL1)/2.D0

50
© 55X |
50 To 80 ~
C--=--=3EGIN SECTION USED £0R OVERLAPS INVOLVING NON-S FUNCTIONS
C----- FIND Y TABLE NUMSER L

60 L=(5=M)#(24=10%M+M#%2)%(83~ 306M+3AMHA2>/120+
1 (30‘9*[,_1*‘_1**2 ZﬂNl) (20 9 Ll"'Llrﬂ\Z 27\N1)/8+

2 (BO=9HL2+L2%%2-23%N2)/2
LLIM = 0

30 70 I=LLIM»8

JLIM=4 = MOD(K+1322)

)3 70 J=LLIW>ULIM ‘
[111=23#J+MOD(K+]22)+1 ~

A= X+Y(I+1’J+13L) tACT+1)BCLTITT)
38 = X®(FACT(M+1)/8400)%%25% SURT( FLOAT(2%L1+1)%FACT(L1-M)3*
1 FLOAT(2%L2+1)%FACT(L2-M)/(4.00% (FACT(L1+M)#FACT(L2+1)))
30 CONTINUE

RETURN

ZND

SUBROUTINE dAnﬂTR(T:4AXLaE)

IMPLICIT REALM4(A=H»3-2)

JIMENSION T(929)2E(3)

ZOST = E(3)

SINT = 0.09 .
'JO‘TO 30

70

10

A ﬁ%/ff‘ -~ 1;)9




1039000
1039100
1939200
2039300
1639400

10043600
fes3700
fing3800

90389 00

1939500

30

40

50
50
70

30

20

50”7

SINT= SQRT(l DO -COST#%2)
CONTINUE

[F(SINT«GT40e OOOOOlDO) GO TO 50
CO0SP = 1,00 -
SINP 0.09

33 TO 70

COSP = E(L)/5INT

SINP = E(2)/SINT

CONTINUE

JJ 80 I=1129

)3 80 J=1-9

T¢IsJ) = 0400

FT(ls1) =120 :

[F (MAXL«GTWs1) GO TJ 100

[F (MAXL.GT.0) GO TJ 110

H

1

33 TO0 120 3

COS2T = CUST##2=-5INTx#2
SIN2T = 2.D0%5INTH#CO3T
2A52P = CUsp#n2- ~SINP3##2
SIN2P = 2¢D0%SInPX*CASP

TRANSFORMATION MATRIX ELEMENTS FUR D FUNCTIUMS
3ART3= SQRT(3.,00)

T(5355) = (3,D0#COST#%2=1.D0)/24D0
T(596) = ~54RT3 ¥SIN2T/2.00
T(538) = SQART3 RSINTH%2/2.D0
T(655) = SART3 #SIN2THCOSP/2.D0
T(6s8) = COS2T*#CLSP
T(627) = ~COSTH#SINP
[(628) ==T(655)/SART3
T(639) = SINTHSINP
. T(7+5) = SQRT3 ‘*SINZTNSINP/Z DO
- T(796) = COS2TXSINP '
S T(797). = COSTH*COSP.
TL728) = ~T(7»5)/5QRT3 ‘
T(729) = -SINT®COSP o
- T{8s5) = SIRT3 %SINT(AZ #COS2P/2.D0
. T(8Bs6) = SIN2T®CUSZP/2.D0 ’
‘T(Bs7) = =SINTH*SIN2P '

T(B9)

043900

“Pussooo
- Poogs100
- {N0044200
0044300
hoss400
10044500
10044600
Jl044700
0044800
10044900
1645000
19045100
10045200
1045300
0045400

120

Y

T(828) = (1.D0+COSTi#H2 )&CUSZP/Z.DO

= —COST/\SINKP o

" T(9s5) = SQRT3  #SInNT##2%SIN2P/2.D0
T(926) = SIN2T#SINZP/2.00

T(997) = SINTH#CDS2P o *

T(998) = (1.D0+COST#%2)#SIN2P/2.00

‘T(999) = COST#COS2P '

CONTINUE -
TRANSFORMATION MATRIX ELEMENTS FOR P FUNCTIDNS
T(222) = COST#CQ3P

r(2s3) = =SINP

T(234) = SINT#COSP

T(332) = COSTHSINP

r(3s3) = CQ35pP

[(394) = SINTHSINP

T(432) = =SINT

T(4s4) = COST

CONTINUE

RETURN

ZND

SUBROUTINE RELVEC(R»E2C12C2)
[MPLICIT REAL®4(A-rs0-2)
JIMENSION E(ﬁ)aCl(j)’C2(3)

f< = 0400

33 10 I=193

2D = C2(D)=Cl()
CK= XFEC]2

SONTINUE

ar-rg 110




fso100
fs0200
Ims0300

40050400

050500
ns0600

1mwsozoo,

10050800
‘fwwsogoo
051000
110051100
0051200
0051309
10051400
51500
10051600
fos1700
0051300
10051900

[aes2000

- vt — -

-y -

T SART(XY B
3D 40 =153 ,

IF (ReGT,4000001D0) GO TO 30
33 TO 40

(1) =E(])/R
CONTINUE
RETURN ’
IND

FUNCTION FACT(N)
IMPLICIT REAL¥4(A=H»3-2)
PRODT = 1.D0

)3 30 I=134
PRODT=PRODT® FLOAT(I)
FACT=PRODT .
RETURN

=nD

SUBROUTINE BINTGS(XsK)
IMPLICIT REAL*4(A-r»0-2)

FILLS ARRAY OF B-INTZGRALS. NOTE THAT B(I) IS B8(I-1)

JSUAL WOGTATION

FOR XaGTe3

FOR 2eLTeXsLEe3 AND KaLEW1D
FJR 2.LTQX‘LEI3 AND K.GTolO

FJR l'LTax oEe2 AND K'LE-7

FOR o5¢LTeXsLEs1 AND K.LE«5
FOR «5¢LTeXeLEsl AND KaGTe5
FOR XeLEee5 ‘

R IIO0O0G0H00HO00HON0GHERON00H
~DMHUN/AUXINT/A(17)36(17)
19=0

©.A3S8X= ABS(X)

30

120

140

150
160
170
130
170

SONTIWNUE

~ IF(ABSX+GT+3,00) GO TO 120'
CIF(ABSXeGT42.00) GO TO 20
IF(ABSXeGT+1.D0) GO TO 50

IF(ABSX+GT+«5D0) GO TO 80

EXPONENTIAL FORMULA 1S

EXPONENTIAL FORMULA IS

)
7

15 TERM SERIES IS USED
EXPONENTIAL FORMULA [S
12 TERM SERIES IS USED
EXPONENTIAL FORMULA IS
7 TERM SERIES IS USED

6 TERM SERIES IS USED .

I\l [T BYRYEY \/.\l\/ MMM A \I\\\I_
\ \n*l\ I\n KI(A l{'r\ /\)/H\:(%ufnn WK n;$n7\'; VW

A
z

[F(ABSX+GT++00000100) GO TO 110

30 T0 170

LAST=6

30 TO 140

[F(KeLEe5) GO TO 120
LAST=7

30°TO 140

IF(KeLEe7) GO TO 120
LAST=12

30 TO 1490

[F(KeLE<10) GO TO 129
LAST=15

30 TO 140

cXPX= EXP(X)
ZXPMX=1eDO/EXPX
3I(1)=(EXPX~EXPMX)/X
) 130 I=1.K"

3(I+1)=( FLOAT(I)HB(I)+(=14D0) %% IH¥EXPX-EXPMX) /X

30 T0 190
JJ 160 I= IO’K
{=0D0

) 150 M=I0sLAST

IN THE

USED
USED

USED
USED

YEYH(=X)33M5(LaD0=(=1eD0)363t (M+I+1))/(FACT (M) FLOAT(M¥I+1))

A(I+1)=Y

30 TO 190

)9 180 I1=10sK

3C1+1)2(1e00-(=14D0)3%(1+1))/ FLOAT(I+1)

Al-17

111




:w583oo
Joss400
fns8500
fusse00

RETURN
ZND
DUBROUTINE AINTGS(XsK)
IMPLICIT REAL¥4(A-Hs0~2)
COMMON/AUXINT/A(L7):3(17)
A (1) = EXP(-X)/X
D0 10 1=1,K ,
10 ACI+1) =(A(I)% FLOAT(I)+ EXP(=X))/X
RETURN
=ND .
SUBROUTINE DEIGCH(A» JoNLoNEsHRVIEPSsiWsLWsEsV)
IMPLICIT REAL%8 (A=-Hs 0-=2)
COMPLEX¥#16 AsVsCR
COMPLEX%#32-CS -
REALH#16 S
LOGICAL SW, LW
JDIMENSION A(ilal)s E(L)> V(Nl?l)’ WINLs7)» LW(1)
[F{NeLEsO +0Re WEeEQ,0 ) GO TO 910
JEA=TABS(NE)
IVA=TABS(NV)
IF(Nl1oLTeN +0Re NeLT«NEA «UOR. NEASLTANVA )} GO TO 920
[FCEPSVLTe OoDO) CPS 1.D-16
{M1=N-1
N2=N=2 .
[F(N2) 10» 20’ DO
WHEN N=1
10 2(1)=A(1s1)
[F( NVeNE«O ) V(1s1) = 1.0D0O
.. 30 To 900 o
AHEAd N=2 .
COMPUTE EIGENVALUES OF 232 MATRIX

20 CALL ERRSET(2029296-~1’1)

o A(1r1)=A(Ls1)
A(221)=A(252) ,
4(152)=CDABS(A(251))

ALy 1)=A(251) /W (152)

T = 045DOX(W(Lal)+W(2>1))
REW(Ls 1I%H (25 1) =W(152) 532
J=THT=R -
1=DABS (T)+DSQRT (D)
IF(TeLT+0s) Q=-Q
T=THOFLOAT(NE)

IF(T) 405 305 30

30 £(1)=Q

IF(MEA.EQ.2) E(2)=R/AQ
30 T0O 310
40 =(1)=R/Q"
[FINEA.EQs2) E(2)=Q
30 TO 310
WHEJ h 3’430'0
REDJCE TO TRIDIAGONAL FOJRM BY HOUSEHULDER'S MCTHOD
50 20 60 I=1sN ‘
60 N(Is1l)=A(Is1)
0 190 K=1,N2
370 )
D0 70 I=K+1sN
70 3=S+DREAL (ACI5K) )¥32+DIHAG(A(T oK) X2
S5R = QASART(S) )
[=CDABS(A(K+1sK))
1(K»2)=-SR |
[F(T) 90» 80s 90

80 A(K»K) = 1,000

39 TO 100
90 A(KsK)=A(K+15K)/T
100 IF(S«EQs0e) GO TO 190 :
R = 1+0D0/(S+T#SR) e

A= 112



* 10063200
063300

100063100

{l0063400

100063500

100063600

- §l0063700

1063800
410063900

100064000
00064100
10064200
0064300
10064400
10064500
10064600
0064700
10064800
100064900
00065000
0065100
100065200

110
120

150

170

130
170

195

196

198

TUAKRA LK) A (KL K #SREA (KGR

)J 140 1=K+1lsN

2S5=(0es04) '

[F(IeFQeK+1l) GO TO 120

)0 110 J=K+1lslI-1-
Z5=C3+A( ]2 )Y RA(J:K)

IS5=CS+W (sl )#A(T <)
[F(1.EQeN) GO TO 140

20 130 J=I+1,4d

285= CS+OCDNJ0(A(J:I)):A(J:R)
\( I b I) CS'\R

25=(0e50,)

10 150 I=K+1sN
25=CS+DCONIG(ACT sK)I#ACT»T)
CS = 04500%R%#CS

)0 160 I=K+1sN ‘
W(Is1)=A(Ly])~- CSnA(l:m)

)3 170 I1=K+1sH ‘
((I1s1) = W(ls1l)=2s OJOADREAL(A(I>K)ADCONJG(A(I’I)))
33 180 I=K+2sN

J) 180 J=K+1s1-1
N(I3J)—A(IaJ)—A(I:K)cUCQNJG(A(J:J)) ~ACLs 1) #DCONJGLACIIK))
CONTINJE .

N(NML192) = CDABo(A(N»Jﬂl))
IF(W(NAL92)) 19591955160
V(NM1aNM1)=1.D00

30 TO 198

CONTINUE

F(NMLaNML) = A(N:NMl)/N(NMl’Z)
\...L]NTI‘JUL ’

COMPUTE EIGENVALUES BY ﬂISECTIDN METHOD

200

210

220

230

240

250

ZALL ERRSET(20232562=151) e
R= D“AXI((DABS(N(lal))+DABS(W(132)))3(DABS(W(NM192))*DABS(W(Nal
30200 I=2,nM1 , ,

C T=DABS(W(I- 1:2))+DABD(N(I’1))+DABS(W(192))

IF(TeGTeR) R=T

CONTINUE

EPS1=R#0,10~15

ZPS2=RH*EPS

J0 210 I=1,NMl

J(Ia3)=W(]s2)%%2

[F(NEWLT40) R=- R

F=R ‘ '

20 220 I= 15, NEA

2(I)==R

J0 300 K=1,NEA

J=E(K)

T = 05D0#(D+F) e
IF(DABS(D~- T)th EPSZ «0R. DABS(F-T).LE.EPS2 ) GO TO 300 .
J=0 ’ ‘ .
I=1

RS h(Iyl) -T

[F(QaGEaDe) J= J+1

[F(QsEQe0s) GO TO 260

[=1+1 ‘

IF(T«GTeN) GO TO 270

CALL OVERFL(L) ‘

I=W(I91)-T=W(I-153)/8

CALL OVERFL(L)

[F(LoNE« 1) GO.TO 250

J=J+1 -

[=]-1

260 [=1+2

270 IF(NE«LT.0) u=N-J

IF(l.LE-N) GO TO 240

IF(J GE.K) GO TO 260

vy - 113




10066900
10067000
10067100
10067200
H10067300
10067400
067500
10067600
110067700
10067800
110067900
0068000

=9

:MM69300
100069400
- 100069500
- 10069600
110069700
10069800
10069900
!
)
)
!

410070100
40070200
100070300
~{h070%400
1070500
1070600
10070700
110070800
10070900
0071000
00071100
10071200
0071300
0071400
0071500
10071600
0071700
0071800

0070000

230

270
300

\

liH Qi

T
TD 230

T
MINO(J:NEA)

c(K)=T

COMAPJTE EIGENVECTORS BY INVERSE ITERATION

310

320

CALL ERRSET(202» 10> 552)

[F(NV«EQ,0) GO TO 900
1M=584287

CALL ERRSET(20252565-151)

JO 490 T=15NVA

)0 320 J=1sN

1(J93)=W(Js1)~ECTD)
WJs4)=W(ds2)
i(J»7) = 1,000
JI~OFALSE|

REDJCE TO TRIANGULAR FORM

330

DO 340 J=1aNMl -
IF(DABS(W(J23))LT«DABS(W(J»2))) GO TO 330
[F(W(J93)eEQs04) W(J93)=1.0D-30 :
J(Je6)=W(Jsy2)/W(J23)

LW (J)=.FALSE.
VOJ+193)=W(J+193)~W(Jsb)ithW(Js4)

4(J95)=00

30 TO 340

J(Js6)= W(J,3)/N(J’2)

LIJ(J)"QTRUEO

(J93)=H(Jr2)

T=W(Js4) -
1(J34) =W (J+1s3)

A5 =W (J+1ls4) .
A+ 193)=T- W(Js6) %W (Jdr4)

340, |
| TF(W(N33)eEQe04) N(N,3)‘l .0D~30

4(J+la4)'-W(J:6)%4(J:5)
CONTINUE

BEGIN BACK SUBSTITUTION

350

350 ¢

370

380

390

400

410

420

" T=T#140D-5

3

IF(I+EQel +ORs DABS(E(I)- E(I 1)) GE e EPSl) GO TO 360
-bEN RATE RANDOM NUMBERS ~

J0 350 J=1sN
IM=MM%4B828125 o ~
V(J27)= FLOAT(MV)%O.4656613E'9
CALL UVCRFL(L)
r=W{(N»7)
z W(N=-127) :
J{Ns7)=T/W(Ns3)
JIN=127)=(R~W(N= l:4)7cﬁ(Na7))/W(N 1+3)
CALL OVERFL(L)
[F(L.NEWs1) GO TO 39
JJ 380 J=13N2 :

J(Je7)= W(Ja7)ﬂl 0D-5
T=T%1.0D-5

=R%1.0D-5

30 T0.370

[IF(N.EQe2) GO TO 440
K=N2 .

F=W(K»7)

A(K27)=(T~- W(Ka4)uw(K+l:7) W(Ka5)#W(K+257))/W(Ks3)
CALL DVERFL(L) ' '
CIF(L.NE.1) GO TO 430

)2 420 J=1sN
V(Js7)=W(Js7)%1.0D-5

30 TO 410

e q4a-
G T




120072900
10073000
110073100
119073200
110073300
10073400
10073500
190073600
100073700
110073800
10073900
100074000
106074100

110074200

s

10076300
10076400
- 076500
10076600
10076700
%%076800
100076900
10077000
10077100
10077200

0077400
0677500
10077600
0077700
10077800
19077900
10078000
0078100
100078209
10076300

1

'wo7ézoo -

0077300

10078400

§30

440

450

460

470
430
439

{=K~=1 T
[F(K) 44054402400
IF(SW) GO TO 470
SN:.TRUEQ

JD 460 Jz=1lsdMl
[FILW(J)) GO TO 450

N(J+197 )= (J+1s7)~W(Jr6)%W(Js7)
30 T0 460

T=W(Js7)

N(J27)=W(J+157)

J(d+197)=T~ h(J;é)hW(J+l:7)
CONTINUE

30 TOD 360

JJ 480 J=lsN -

J(Js1)Y=W(Js7)

ZINTINUE

JEGIN BACK TRANSFuRnATIJN (1)

500

IR = 1.0D0
) 500 J=25N
ZR=CR¥A(J-15J-1)
)0 500 I=1sHVA
JCJs1)=V(Js 1) #CR

BEGIY BACK TRANSFORMATION (2)

550

560

S 570
580

590
600

SALL ERRSET(2022 10 552)
[F(N.£Qs2) GO TO 600

)0 590 I=1snNVA

{=N2
IR==A(K+1sK)XDCONJG(A(K>K))HW(K22)

IF(DREAL(CR) ¢EQs040 +ANDs DIMAG(CR)+EQ.0,0) GO TO 580

IR = 1.0D0/CR

2 25=(0e50,4)

JO 560 J=K+1yHN
CS*DCDNJU(A(J’K))NV(J:I)

. Q CR*CS .

)0 570 J=K+1N

J(Js])= V(JaI) CR%A(J’N)
{=K=-1

[F{KeGE«1) GU TO 559
LJNTINUE

ZJONTINUE

HDR1ALIZE EIGENVECTURS

510

620

; VOR1ALIZ: AS AAXIMUM ELtM;NT 1

20 620 I=1,NVA
T= DABS(DREAL(V(l,I)))+UABS(DIMAG(V(1’I)))

<=1

)0 610 J= 2,&

= DAdo(DREAL(V(J7I)))+DABS(DIMAG(V(J:I)))
[F(TeGER) 30 TO 610

=R

{=J ,

ZONTINUE

TR = 1.0D0/V(KsI)

1D 620 J=1,i

J(Js1)=V(Jsr1)3#CR

[F(NVeLT0) G0 TO 900

ORT{OGONALIZE AS NORM=1

JO 680 I=1sNVA

IF(1.EQe1 .DRn DADS(:(I) E(I-1))4GT. EPS) GO TO 650
JO 640 J=Ms=1

C5=(04504)

)3 630 K=1loN

253 = C5 + DCOQJG(V(K:J))AV(KyI)

JO 640 K=1>N

) J(Ks1)=V(KyI)~-CSHV(KsJ)

30 TO 660

1=1 e | |
Al—a)




NDR?ALIZE AS QDRF

660 ) 00 '

J0 670 J=1sN

670 3=S+DREAL(\/(J’I))lw\2+D15|AG(V(J’I))\\1(2
I = Q5QRT(1.0Q0/5)

JJ 680 J=1,WH

680 J(JsI)=V(JsI)%T

600 RETURN

- PRIT ERROR MESSAGE

910 ARITE(H31000) NasNE
3 Ty 9U0 ’
520 ARITE(621100) NVaNEsjsN1
30 TO 200 ‘ ,

1000 FORMAT(1HOs'(SUERe -DEIGCH) N='3]I5s'sNE='515s"' N SHOULD BE GREA
1 THAN ZERDO AnD NE SHJULD B NON=ZERO,. KtTURN WITH NO CALCULATIU
2 1)

1190 FORHAT(IHO,’(OUDR- DEIGCH) NV='5]5sf yNE="5]5s"sN="5]I55"3N1="'51]5
1' NVaNEsN»Nl SHOULD SATISFY THE FOLLOWING INEGUALITIESs INVI <=
2c | <—7N <= N1 o' /1H »'RETURN AITH NO CALCULATION«' )

- ZND : : ‘
SUBROUTINE HATOUT(MATQOP)
COMPLEX 16 ZSsZHsPitsyrRM
- REAL%#8B V ‘
ZOMMON/ARRAYS/S5(40940)3Y(9359203)92(173545)
ZOMMON/COMOL/ 25(40940)9ZH(40340)
COMMON/COMO2/ PM(40240)2RM(40940)
JOMMON/COMO3/ V(40)9wW(20940)
- ZOMMON/NATONMS/ NATOMSaNaNK
REALHB A(2540940)38(2140540)2C(23540540)
SAUIVALENCE (A(15151)225(151))
CZQUIVALENCE (B(lslsl)sPM(1ls1))
- ZQUIVALENCE(C(12191)5ZH(151)) :
[F(MATIP « NEa3eAND» NPFUP NE,5) G0 TO 90
© )0 80 M=1sN»12 . :
K=M+1l '
IF (KeLEW.N) GD TO 30
20 £=N R '
30 CONTINUE o
[F(MATOP.NE«3) GO TO 11
IRITE(6510) (V(J)r»J=isK)
10 FQRMAT(7X312F9o4)
11 CONTINUE
IRITE(H240) (JsJ=MsK)
40f'DRMAT(//27X)12(4X’IZ’BK)3//)
JA 60 I=1s4 :
30 TO (41:42;45’44:45)7ﬁATOP : :
41 ARITE(H950) 12(S(1sJ)»J=MsK) 3G0 TO 60
42 ARITE(6350) T2(A(LlsIsd)sJd=pMaK)
JRITE(5950) Is(A(2s1sJd)2J=r2K) G0 TO 60
43 ARITE(H>50) [ (A(LlslsJ)sd=MrK) :
RITE(H950) T2(A(2215J)2J=M2K) G0 TO 60
44 ARITE(6950) Is(C(1lslad)arJd=MasK) _
ARITE(H550) I5(C(221sJ)sJ=1sK) 3G0 TO 60
45 JRITE(6350) I2(B(l215J)sJ=MsK) .

' VRITE(6550) Is(B3(2s15J)sJ=MsK) 3G0 TO 60

1?%4000 50 FORMATU(1X21294X230(F9a4))

jﬂ%4100 60 CONTINUE

g@%4200 IRITE($570)

EWW43OO 70 FORMAT(//)

gﬂ%4400', 30 ZAONTINUE o

{84500 90 RETURN -

f%84600 o =ND

10084700 3UBROUTINE SOLUT

Fl084800 SOMPLEX%16 SyHIPHaRiMsSUMsDEN
10084900 REAL#B ETswiwsV ‘

fgso00  JIMENSION Lw(4o>,t1<40),wu(4o,7f
’ ‘ /}/—.22 T -

Pk
bt
(0P



- {00089000

400089100
§00089200
100089300
100089400
100089500
§00089600

10069700

100089800
100089900
- £00090000
00090100
£00050200
100090300
F00090400
100090500
100090600
100090700

00090800
00090900
00091000
00091100

100091200

10091300
00091400
00091500

00091600

i e

~Z538% T TSJLUTION OF SECULAR DETERMINWANT
ZOMMON/COMO1/ 5(4o,+o>,H<4o,40)

ZOMMON/COMO2/ Pid(40240)sRM(40940)
IOMMON/ZCOMI3/ V(40)s4(20540)
ZOMMON/COML1Y/ IRETH I53TOPsNNAT

ZOMMON/NATINSZ AATUMS s NsNK

JEBUG» SUBCHK

TOMPLEX®8 2d(24224)

0 3 1=1:24

) 3 J=1,24

ZACI»J)=H(I D)

)] 2 I=1,N

)3 2 J=1sN

M(13J)=5(12)

Eps:lcE"lS ’
CALL DEIGCH(S’NaQU:'N:N:EPSaNM’LW:EIQPH)

3D 10 I=1s4
IF(EI(I) «LEa040) GO TO 41

J(I)=1, O/SQRT(EI(I) )
J0 13 I=1sX

30 12 J=1sN
3CIad)=PM(Tad)#V(J)
CONTINUE

)1 16 I=1s¥

JJ 15 J=1sN

PM(T9J)=00 ;

20 14 K=1sd

PA(Isd)= PM(IyJ)+CDJJq(5(K’I))AH(KaJ)
ZONTINUE

uDNTINUE

20 19 I=1sN

J0 18 J=1sN

A(I2J)=0.0"

J0 17 K=1sN . ‘

{(Isd)= H(IvJ)+PM(I:K)%S(K’J)
CONTINUE

CONTINUE
)D-3333 [=1sN

)0 3333 J=IsN |
{(J21)=CONJG(H(1sJ)) |
CALL DEIGCH(HaN240s=sNsEPSahsLWsVPH)

)0 21 I=19N
J(HNK=11)=v(1)
JO 52 1=1+4

)2 51 J=1sw
‘I(I’J):OQO

)0 50 K=1»W

C
c
C _
c 3
2
Cmmm=m
C _____
C _____
10
12
13
C _____
14
15
16
17
18
19
C .....
C
C .
C3333
C _____
21
50
51
52
C _____
23

24

(1503 =H(150)+SCIsK)EPHK2J)
CONTINUE
ZONTINUE

)0 25 [=19H

YJM=0.0

)J 24 J=1»y

10 23 K=1s5W - e

UM 5UW+CUQJG(H(J$I))%H(K’I)*RM(J’K)
CONTINUE

JEN=SQRT (SuUM)

D0 26 L=1sA

26

-~

3 (Lyl) H(Ls1)/DEN
. Al=23

e
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£0091700
10091800
1091900

41092000
¢m92100
110092200
bngﬁOO
;quqoo
1110925060
11092600
111092700
110092800
10092900
11092000
10093100
1093200
10693300
10063400
11693500
0093600
1093700
11093800
110093900
00094000
10694100
111094200
110694300

0094700
1094800
JM94900
10095000
1095100
095200
10095300
10095400
11055500
(1095600

110095900
- 110096000
096100
10096200
100096300

1
{

25

32

33

oYeNaloNaRoNaNaNONS

41
42

50

51

50

101

PR BAND

CONTINUE .
J0 31 I=1>N

30 31 J=1sN
1(IsJ)=0.

) 32 I=1sN

33 32 J=1s4d

)0 32 K=1sd

O d)=H(T s )+ (ZH (T aK) =V (J)#RM(T3K) )5S (KsJ)
IRITE(6233)

FORMAT(' (A-ES)X='")

ZALL MATOUT(4)

3 To 60
ARITE(6242)
FORMAT (' OVERLAP MATRIX 1S NON-PUSITIVE. STOP')
3TOP ‘
RETURN
ZND '
IR0GRAM PLdAJD
)IMENSIDN 4(20,40)=A<(40)’V(40)

EAD(20351) fNsMNK1aVeCKl
rJRMAT(ZIlO:FlD 4) .
READ(20950) ((W(IsJ)sJ=1aN)sI= l’HNKl)
FIRMAT(24F1044)
J3 1 I=1-MVK1
AK(L)Y=(I=1)%#VECKL/ (ANK1-1)
1) 4 [=15MNK1
)Y 4 J=1sN

IF(WC1aJ)eGE«4Ce) N(IsJ) 40-
ZONTINUE -
IK1=MNK1+1
AK(NK1)=0e

:w<2 MNK1+2

JAK(NKZ2)==0.075 3V (NK2)=2.

SVINKL) =40

 fRITE(5vl00) NaMNK1 s VECKLy ((W(T1aJ)ad=1saN)s = 1sMNKL)
FORMAT(L1H 521105F10e4s/1H 5(12F10e45/1H )

ZALL PLOTS(999+399942EHT SP S102")
PALL PLOT(Z’,lSO, 3) ’ S
AXL=VECK1/0.075

- CALL AXIS(O.’O.:'K',~17AXL!'909SAK(NKI)’0.075)

ZALL AXIS(0e320es! ENE&GY’36,40-900:V(\Kl):V(NK2))
JO 2 1=1sN -

J0 3 J=1aMNKL

J(J)=W(Js 1) .

ZALL LINEC(VIAKsMNKLI2120>» 0)

IRITE(69101) I»(V(K)aK=1sMNKL)

SORMAT(LH »110s/1H »(12F1044/1H ))

ZONTINUE .

CALL PLOTV

STOP SEND

JF Al402, FDRT LIST END
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R

10000100
10000200
10000300
10000400
1000500
20000600

106600800
100000900
10001000
10001100
20001200
50001300
00001400
kMUGISOO
100001600
00001700
10001800

10062100
110002200

- 100002300

100002400
10002600

110002800
110002900
110003000
10003100

100003300
100003400

10003600

10003800
11003900
11004000
1004100
110004200
110004300
004400
10004500

N004800
1004900

{05100
1605200
10605300
0005310
0o05400
10005500
1005510
605520

P Y

BETA

0000700

10001900
100002000

~ inoozs00
~ hwoo2700

100003200

100003500
10003700

11004600
{looos700

0005000

§-200H SYMBALIC LISTING

20
30

10
11

40

41

42

44
45

50
- 60

70
80
30

.y - -

-J0 60 = -
30 TO (41’42143a44a4b)vHATUP

ARITE(6550)

COMPUTER CENTREs UNIVERSITY OF TOKYO DATE

JF Al1402.S.FORT

SUBROUTINE MATOUT(MATOP)

COMPLEX3%16 255 ZHsPMsRM

REAL®8 V '
HOMMDN/ARRAYS/S(QO,QO)’Y(Q’)’ZOB)’Z(I?,QS)
COMMON/COMOL1/ 25(40540)9ZH(40940)
COMMON/COMO2/ PM(40540)9RM(40540)
COMMON/COMO3/ V(40)»W(20240)
COMMON/NATOMS/ NATOMSsNsNK

REAL#E A(2:40540)9B(2240240)5C(25403240)
2QUIVALENCE (A(1s151)5Z5(1,1))
SQUIVALENCE (B(lalal)sPM(1s1))
cQUIVALENCE(C(1a151)9ZH(121))
IF(MATUPoNEiBOANDOMATOPONEQB) GQ TGO 90
JO B0 M=1sN,12

{=M+11

[F. (KeLEsNJ GO TO 30

<=N
CONTINUE

[F(MATOP.NE+3) GO TO 11

JRITE(6210) (V(J)»J=MrK) -
rORMAT(7X’12F9 4) 4

ZONTINUE ST R
ARITE(6340) (JsJ= MsK) S ‘ T
rORMAT(//77X512(4X7IZ’3X)1//)
1ad '

I2(S(1eJd)sJ=MsK) 3G0 TO 60
I?(A(l?I:J)’J=M!K)
[oC(A(2s15J)2J=MsK)
Is(A(lsTad)aJ=MsK)
Is(A(2219J)5J=M2K)
I2(C(1la]lsJ)sJ=MsK)
I195(C(2912J)3J=M2K)
I5(B(Lls]aJ)ad=MsK)
ARITE(6550) I9(B(2915J)rJ=M2K)
r]RnAT(lX312,4X:50(F9 4))

ONTINUE ~
4RITE(6970)
FORMAT(//)
CONTIRNUE
RETURN
ZND
AROGRAMY BETA
COMMON/COMO3/ V(40)»W(20940)
COMMON/VECK/VECK(3) ‘ :
~=--GENERATION OF MATRIX VOIP AND AZETA====-====
ZOMMON/ZVOIR/ VOIP(436)9sAZETA(456)sCONST DMlsDMZ;VP(4:6)7AZP(49

JRITE(6250)
ARITE(6250)
ARITE(6350)
IRITE(6550)
YRITE(6950)
JRITE(6950)
ARITE(6950)

360 TO 60
3GO TQ 60
360 TO 60
GO TO 60

w COMMON/POS/ PDS(B:&)9F(3s7),BONDL:AUaBAU:NC(IB):LC(IO),MC(IO)

ZOMMON/COM17/TOEL(30)2ENC4D)
COMMON/COM13/ TDP(10,10)

- ZOMMON/INFO/ AR(35)sNOUT

INTEGER AN .
JIMENSTON AKM(333)

COMMON/NATOMS/. NATOMS»NsNK
CIMMON /CDQ/CSbbS:CSSSX’CSSXX,COUSS’COOSX:CDOXX’CSS;CSX’CX59CX

REAL#8 VM(40)
{EALNa V

JATA AKM/530.420. 4771,3no 2236/
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13605700
1005800
10005900
13006000
17006100
10006200
006300

1006500
1306600
11006700
11006800
11006900
19007000
11607100
1507200

1607400
116007500

h009800

0009900

%MIOSOO
011000
011100
011200

I
14011400
011500
11600
fo11700
[f011800
}M11900

Li05660~

NN

1006400 -

C-

JATA

3
JATA

3%

3#

CIATA

3¢

4
3t

JINDL=1.61

1090
14

15

TUOIATA AN/14,14a8:8:8:d/ yNATOMS/6/

JATA EN/163#2:/2TOEL/4a3b0360900360260 /3s0M1s0M2/e5945/
JATA CONST/1.75/
VOIP/14Q95?7’78326DS)S*O-3

32+38315.34/
VIOIP/12.8857+40832¢0555% 04>

323831953/
AZETA/143821.3831+3855%0.2

2:2852.28/
‘AZETA/la5671-56:1.5895*0.:2.1:2.1/
AZETA/1.634431:4286451,38353%0092.24632.227/
PGS/O;,O!?OQ?20,20’2!’1.’1"10!

3.)3”16’1-’3,’3'33a’l"39/

F/O.’OQ,0-90491.210’1.,0091.31:;1.50;5
Oss=le2led=1e70e3leslar=1eas0./

JATA

JATA
JATA

JATA

JATA VECK/3%0+/
JZBUGISUBCHK :
3AU=4529167 BAU=BONDL/AU
34=BINDL#4./SART(34) /AU 381=84/4.

IEAD(5514) VOIP(1a1)3VOIP(251)sVUIP(153)sV0OIP(2:3)
FORMAT(4F10.0)

{RITE(H915) VUIP(lal)’leP(Z:l)’VbIP(l)3):VUIP(2’3)
FORMAT (' VOIP='94F10,3)

- READ(5.14) AZETA(lal))AZETA(Z:l):AZtTA(l:B)yAZETA(2:3)

16

JRITE(H216) AZETA(l;l)aAZLTA(Z:l)3AZETA(1’3)3AZETA(2’5)
FORMAT (' AZETA='54F10.3)

READ(5,5) CDSSQ:CSSDK:CbSX%&CDDSS »CO0SXs COOXX
FORMAT(3F10.0)

ARITE(697) CSSoS7CSDSX?CSSXX:COOSS’CDDSXsCDDXX

FORMAT (Y CQSSS7CSSSX3CSaXX’CDDSS:COOSXsCDOXX“'96F10 3) -

~2EAD(538) CSS» CDX3CK5:CXX

2 J0 22 I=

. - -

“FORMAT(! -

FORMAT (4F1040)

ARITE(6913) CSS)CSX’CXSaCXX
CSSHCEXsCXS»CXA="94F103)
READ(5599) ﬂOOE:ﬁODla%NK:ISOL:ITDP’IGRAPH,IHAM
FARMAT(712) .

[F(MODE.EQ.D) STDP

REWIND 390

153

20 22 J=197 ‘

F(IsJ)==F(1sJ)#B4

DI 4 I=1,3" :

JI 4 J=1,6

PIS(15J)=P0S(1sJ)#B1

GENERATION OF MATRIX VOIP AND AZETA

- - A . W

00 10 I=1s4

10

11

- .

- - -

VOIP(122)=v0IP(Is1)
AZETA(122)=AZETA(Is1)
30 10 J=416
VOIP(I5J)=VOIP(1:3)
AZETA(Isd)= ALETA(I:B)
ZONTINUE
20 11 I=1s4
30 11 J=1s6
VP(13J)=vOIP(15J)
AZP(13sJ)=AZETA(Isd)
CALL COEFFT
ZALL INTGRL
IF(IHAMWEQ.0) GO TO 140
WRITING QUT.S
JRITE(63350)
FORMAT (1HL»1X»>23HOVERLAP INTEGnAL MATRIX)
CALL MATDUT(l)

- - - an

ZAONTINUE
" JK=1 : ) : 0
~SCAJNING JF K VECTJD“TT'Tf' l““
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30012100
1612200
1012300
10012400
10812500
10012510
0012520
012530
10612540
19012550
9012560
0012570
10012580
10612590
12600

10012610
10012620
10012630
110012640
012650

110012660
6012670
10012680
10012690
10012700
10012710
110012720

0012730
10012740

0012790
lino12800
[noi2a10

10012830
~lnn12840
012850
Jwizas0
1012870
11012880
10012890

100012910
14012920
012930
10012940
0012950
12960
“f$012970
)

)

10159090
1016000
0016100
0016200
0616300
11016400

0016600
16700
1016800
016900

1012000

1012820

fi012900

SNONONONANS!

~éwM12780 ;

1015800

016500

2 TANTINUE ~ 77
IF(NK-1+GT.MNK) GO TO 1

30 TO (161:162) »MGDE
161 INIK=3 3LASK=1 3G0 TQ 170
162 INIK=1 3LASK=2 ;G0 T3 170
170 CIONTINUE
AK1=0.
- )0 180 I=1,3
180 AKLI=AKL+(AKM(I9INIK)- AK%(I$LA§K))NAZ
\Kl SQRT(AK1)
J3 181 1=1,3 :
181 JECKCI)=(AKM(T s INIK) #(HiNK-NK+1.0001)
3 +AKM (T2 LASK) #(NK=14) )/ (HMiNK+0.0001)
- IK=NK+1 ‘
CALL SETSH
IRITE(55351) NK
351 FORMAT(' BLOCH QVERLAP HATRIX AT NK=t'5,15)
ZALL MATOUT(2) ‘
; IRITE(635352) NK ) ‘
352 FORMAT(' BLOCH HAMILTONIAN MATRIX AT NK='515)
CALL MATOUT(4)
JALL SoLuT
YRITE(6912) (VECK(I)sI=193)s(V(I)sI=1aN)
12 FORMAT(' EIGENVALUES AT NK-';3F10 35 tARET»/(6F944))
----- DIFFERENCE===-=~~~

30 TO (40%41542942)
ARITE(30) (V(I1)»1=1s4)
READ(30) (VH(I)sl=1sn)
JD 43 =194 :
JHCD)=VOT) =MD ‘
NK:(VM(I),I I:N)

»MOD1
G0 TO 40

- JRITE(63102) |
102 FORMAT( ' DIFFERENCE AT Nk-'aISa/(6F9 4))
[F(MOD1. LE 5) G0 T 40 |
CHRITEG40) (VH(1) 2 1=15N)
40 CONTINUE |
----- 1S0L mmmm=mmmmm

[F(1SOL~EQ.0) 6O TO 103
CIRITE(52353) NK
FORMAT (! SOLUTION AT NK=
CALL MATOUT(3)
CONTINUE -

's315)

IF(ITDPoEQ 0) GO TO 44
JALL DzZNSIT ‘ ,
CONTINYE
30 TOo 2
1 CONTINUE
[FCIGRAPH.EQ.Q) GO TJ 1000
JNK1 =MNK+1
ARITE(20551) NsMNK1sAK1
FORMAT(21105F10.4)
WRITE(20950) ((N(I:J)aJ 1siy)sI=12MiK])
FORMAT(24F1044)
3TOP END :
SUBROUTINE INTGRL
IMPLICGIT REALX4(A-H»0-2)
-===ATOMIC INTEGRALS FGR CNDO CALCULATIUNS
‘ COMMON/ARRAYS/5(40240)9Y(9:52203)22(17545)
SOMMON/ZINFO/ AN(35)sNOUT
CIMMON/NATOMS/. NATOMSsNaNK

51

50

qONHOV/INFDl/CZ(55>’U(bO)aULIM(35)9LLIH(35)’ULKaULL’ANL:ANK

NOMMON/GAB/T(QyQ)aPAIRS(9’9):TEMP(Q»Q):C1(3)9CZ(3)
COMMON/ZAUXINT/ACL7)»3(17)
_’OMMDN /SOUTER/SCUTER(102109337)9NZS5(25357)

COMMON/VOIPY/ VDIP<4:0)?ALETA(4;6):CUNST:DMI:DME’VP(436)3AZP(4a
OMhDN/POo/ PD:(3:6)7F(j,7)aBUNDLsAU:BAU’hC(IS):LC(lO)’MC(IO)

A~y - 12




”w017oob'

110017100
40017200
10017300
pe17400

0{3173\10
,wol?éoo
10617700
017800

40017900
16016000
10018100
JW18200

415018300

110016500
10018600
13016700
016800
0018900

116015000 -

f'M019lUO
W019200

0195600
1019700
0019800

0019900

10021000
10021100

{21300

0021500
11021600
1021700
021800
10021900
10022000
19022100
0022200
110022300

10022400

1022500
022600
‘022700
10022800

19023000
0023100
r023°oo

0623400
m023500

0018400

h021200

W022900

JLIMCL) =

TOIMENSION P(s0s80)

> ~ORMAT(1H

JIMENSTION £(3)92Q(40)

ZQUIVALENCE (P(1l)»>Y(1))

INTEGER AN,ULIMs>ULKsJLLs>CZsUsANLsANK ,
JETERMINATION OF SI1ZE OF AU BASIS IN AND CCRE CHARGE CZ
JEBUG»SUBCAHK

=0

RITE(591130) ((PUS(IsJ)9d=156)21=123)
FORMAT(LH »'POS=1/3(6F10+4/))

IRITE(621101) ((F(IsJ)sJ=157)31=123)
FORMAT(IH s'F='/3(7F10.4/))

ARITE(651102) ((VUIP(lsJd)sd=1s6)51=154)

s 'WOIP="/4(bF10e4/))
YRITE(651103) ((AZETA(I2J)5J=156)215124)
FORMAT (1R »'AZETA='/4(6F10,47))

)] 60 I=15-ATOMS

LLIMCT) =
£=1

[F (ANCI)+LT411) GG TO 20
{=NY 4 .

JZCIy=ANCI)~10

33 TO 50

[F (AN(I)!LT 5) GO TO 40
1=1i+4
czel) =
30 70 50
J=N+1 )
ZZCI)Y= ANCI)
CONTINUE

N+1

AN(I)~=2

N
CONTINUE

=ASSIGNMENT UF ANGULAR HUMEVTU? GUANTUW NOS. TO ATOMIC DRBITALS

LC(1)=0

C(C(2y=1

LC(3)=1

LC(4)=1

LC(5)=2
LC(6)=2

La(7)=2

LC(8)=2

- LC(9=2

1C(1)=0
1C(2) =1
1C(3 )=~
1C(4)=0

o 4C(5) =9

1C(6)=1

1C(7)==~1

1C(8)=2

1C(9)y==2

FILL U ARRAY---U(J) [DENTIFIES THE ATOM TO WHICH ORBITAL J IS
ATTACHED E+Ge ORBITAL 32 ATTACHED TO ATOM 7s ETC.
ASSIGNMENT OF ORSBITAL EXPONENTS TO ATOMS BY SLATERS RULES
1C(8)=2 3NC(14)=3 -

JQ 92 'K=1sNATOMS

LLK=LEIM(K)

JLK=ULIM(K)

ANK=AN(K)

{ORBK=ULK=LLK+1

3 92 1=15NARBK
LLKP=LLK+I~1

C _____
C
C1100
C
C1101
C
C1102
C
C1103
10
20
- 30
40
50
60
C _____
C _____
C _____
Cmmmmm
92
C...._.....A—-

LCZETA=LC(I)+1
J(LLKP)Y=AZETA(LCZETA»K)
J(LLKP) =K

CONTINUE ‘ :
STEP THRU PAIRS QF ATOMS

Ar=2§

ey
o




JJ 320 1F=1s7
A1F=0 -
J0 320 K=1,NATOMS

J0 320 L=KsNATOMS

J0 100 I=1,3

C1(I)=POS(IsK) :

G2(¢(I)= POS(IsL)+F(171F)

CALCULATE UNIT VECTOR ALONG INTERATOM AXISHE
CALL RELVEC(R»E»Cl.C2)

[F(IFe«EQ.1) GO TO 102

JIF=NIF+1

NZS(1aNIFs1F)=K

1ZS(2sNIFs1F)=L

CONTINUE
LLK = LLIM(K)
LLL = LLIM(L)
JLK = ULIM(K)
JLL = ULTIM(L)

JORBK=ULK~LLK+1
JVORBL=ULL~LLL+1
ANK=AN(K)
ANL ANCL)Y '
LOOP THRU PAIRS OF BASIS FUNCTIONSs ONE ON EACH ATOM
) J0 200 I=1,NOR3K '
10026100 J) 200 J=1,NORBL
0026200 IF(KeEQeLoANDeIFeEQe1) GO TD 160
0026300 - 110 IF(MC(I)eNE#MC(J)) GI TO 150
| 120 IF(MC(I)WLTW0) GO TO 140 _
s LLKP=LLK+I~1 sLLLP=LLL+J-1 : \ , e
130 PATRS(I»J)= S@RT((Q(LLKP)*R)%X(2%NC(ANK)+1)%(G(LLLP)%R)*%(Z%NC'
1)+1)/(FACT(2#NC(ANK) )#FACT (2#NCCANL) ) ) )3 (=14D0) %(LC(J)+MC(J))
2cSS<NC(ANK),LC(I):MC(I):NC(ANL);LC(J):Q(LLKP)¥R,Q<LLLP) R) o
30 To 190 ‘
140 PAIRS(I»>J)=PAIRS(I-15J-1)
.30 TO 190 . ,
150 PAIRS(IsJ)= 0 0D0
30 TO 190 ‘
160 IF (I1+EQ. J) GO TO 170
180 2AIRS(I15J)=0.,0D0
30 TO 190 ,
170 PAIRS(12J)=1,0D0
190 CZONTINUE '
200 CDNTINUE
» CULK=LC (NORBK)
LCULL LC(NORBL) ' A
1AXL=MAX0 (LCULK»LCULL) ‘ - S e
IF(ReGT0.000001D0) GO TO 220
210 30 TO 250
C---=--30TATE INTEGRALS FROM DIATOMIC BASIS TO MOLECULAR BASIS
220 CALL HARMTR(TsMAXL:E)
J3 230 I=1,NOR3K
)2 230 J=1sNORBL
TEMP(IsJ) = 0.D0
)3 230 KK=1»NORBL

29100 TEMP(Fsd) = TtMR(IaJ)+T(J:KK) tPAIRS(1sKK)
{29200 230 CONTINUE
0029300 E 30 240 I=1,NORBK:
:wwz94oo ' 30 240 J=15NORBL
fho29s00 APAIRS(1sJ) = 04DO
11029600 ~© )0 240 KK=15NORBK
fo29700 PAIRS(IsJ) = PAIRS(I,J)+T(IsKK)wTEMP(Ker)
1029800 240 CONTINUE .
0029900 C====~=F FILL S MATRIX
[h030000 250 ZONTINUE .
030100  IF(IF.NE.1) GO 0 262 lf)j e

A/—-)_f



ez0z00

i;w31100
4031200
40031300
10031400
11031500
19031600
10031700
17031800

10032700

0035100
10035200
10035300

10035700
1035860
11035900
036000
1036100
11036200
1036300
036400
036500

lozes00

0036700

250
252
254

320
330

10032600

10032800

-JJ 260 J=1,

)3 6 J=1,NIRBL

© -3 8 L=XsNATOMS

39 260 I=1,N0RBK
LLKP=LLK+I=-1
NORBL
LLLP=LLL+J-1
S(LLKPSLLLPY=PAIRS(Isd)

30 TO 320

ZONTINUE

JO 264 [=1sNOR3K

13 264 J=19NDRAEL

SOUTER(I s JsNIFsIF )= PAIR:(I,J>

ZONTINUE

“JhTINUE

RETURN

=ND '

)JBRUUTINE SETSH

IMPLICIT CIMPLEX#16 (Z)
ZOMMON/COMOL/ . 25¢40540)22H(40240)

ZOMMON/ZVOIP/ VOIP(490)5AZETA(G26)sCUOE NSTsOM1s0M2sVP (436) sAZP (4
”OMMDN/ARRAYS/5(40,4O)aY(Q 59203)92(17545)

CJAMMON/ZINFI/Z ANC35) »>H0UT

TOMMON/ZINFOL1/CZ(35)9J(80)sULIM(35)sLLIM(35)sULKsULL ANL?ANK

ZOMMON /SUdTER/bDUTCR(10310:3!7)’”Z5(253’7)

COMMON/NATIMS/ NATOMSsNsNK

ZOMMON/VECK/VECK(3) ;

ZOMMON/POS/ PUS(336)3F(357)sBONDLIAUIBAUSNC(18)sLC(10)MC(10)
ZIOMMON /CGN/CS:DQ’CbSbX,CSDXXsCODSS’CODbXsCDDXX’CSS CSX»CXSsCX
INTEGER AN> ULI43ULK5ULL7CZ,U9APL,ANK
REAL¢4 2
JEBUGsSUBCHK - ' :

ARITE(H9100) (((NZS(I!J)K):J 1’3)51"1’2)aK’l:7) ;
FORMAT(LHO»'"NZ5="2/1d 22(312/1H )) '
JRITE(65101) ((((SUUTER(I»JsKaL)sJ= 134):1 194)3sK=153)oL= 1’7)
‘UR!AT(IPO?'SDUTER"a/lH 94(4F10 4/1H )) o

)0 2-1=1sN-

)3 2 J=lseN
25(1,0)=58(15J)
J0 3 IF=297

vZTHETA 0.'

0 4 I1=1-3 ’

ZTHETA= ZTHETA*VECK(I)aF(I’IF)n(O.?l )
2ZEXP=EXP(ZTHETA)

ARITE(63102) ZTHETA,LEXP:(F(I’IF)al 1’3)!IF

CFORMAT(1H »'ZTHETA»ZEXP="'24F10e4/1H 3 'FslF="33F10e4513)

=-=SET UP S MATRIX FOR A CERTAIN K===m—mm-

0 5 NIF=1,3
IF(NZ,S(l!NIF’IF)»EQoOo)

G0 TO 3
K=NZS(1>NIFsIF)
L=NZS(2>NIFsIF)

LLK=LLIM(K)

LLL=LLIM(L)

JLK=ULIM(K)

JLL=ULTM(L)

NORBK=ULK-~LLK+1

NORBL=ULL~-LLL+1

D0 6 I=1,NJR3K

LLKP=LLK+1-1
LLLP=LLL+J-1 )
Z5(LLKPsLLLP)= LS(LLKP,LLLP)+SOUTER(IaJ,NIF:IF) HZEXP

ZONTINUE

‘LJNTINUC -

~~CALCULATION OF H MATRIX=======~
)3 8 K=1,NATOMS

LLK=LLIMN(K)
LLL LLIM(L)

- /4/‘}6

U UU—— |



ULK=ULIM(K)
ULL=ULIM(L)
NORBK=ULK~-LLK+1
NORBL=ULL-LLL+1
DO 9 I=1,NJRBK
00 9 J=1,NORBL
LLKP=LLK+I=1
LLLP=LLL+J~1
LCI=LC(I)+1
CLCU=LC(U) +1
[F(LLKPsEQsLLLP) GO TO 10
LLRPUSU(LLKP) sLLLPU=U(LLLP)
IF(LLKPU,LEs2sANJDWSLLLPU.LEW2) GU TUO 11
IF(LCI.GE+2.,ANDWLCJ.GE,L2) GO TO 17
IF((LLKPUsLE a2 AND e LCI 4EGel) o OR ¢
‘ (LLLPU+LEa2¢ANDsLCJ,EQel)) GU TO 18
CONST=CAS G0 TO 13 ‘
CONST=CSX G0 TUO 13
CONST=CSS GO TO 13
CONST=CAX 3GO0 TO 13
IF(LCI EQe1.ANDLCJ-EQ,1) GO TO 22
C IF(LCI GE+2.AND+LLCJeGE2) GO TO 23
CONST=(CSSSX G0 710 13 .
CONST=CSSSS 3G0 TO 13
CONST=CSSXX ;G0 TO 13
IF(LCT+EQel.ANDLCJEQ.1) GO TO 20
IF(LCIsGE+2.AND+LCJsGEL2) GO TO 21
CONST=C00SX G0 7O 13 ‘
'CONST=C0QSS 3G0 TO 13
CUNST=CO0OXX 3G0 'TO 13

© CONTENUE , STy
.~Zd<LLKPaLLLP)«-Zo(LLKP,LLLP)e(VOIP(LCI,K)+VOIP(LCJ:L))%
' CoNST/2e | ;
39 T09 o
ZH(LLKPs LLKP)==VOIP(LCI>K),
ZONTINUE
CONTINUE

ZALL MATOUT(4) ‘
~==SYMMETRIZATION OF S AND H MATRIX-~-‘----
30 7 I=1sN

J3 7 J=1sN .

2S5 (Js )= CDNJu(ZS(I:J))‘

ZH(Js1)= CONJu(ZH(I:J))

ZAONTINUE

J0 15 I=1sN

JJ 14 J=19sN

2S(1sJ)=0.

CONTINUE ,

Z2S(1sl)y=1,

CONTINUE

RETURN 3END-

SUBROUTINE SOLUT

41100 COMPLEX3%16 S:H,PMsRI,aUM’DEN

‘%M1200 © REALNB ElsAWsV

1041300 JIMENSION Lh(@O)aE1(40):WW(40s7) .
M041400 Cmm==m =<3 SILUTION OF SECULAR DETERMINANT 3¢
041500 - ZOMMON/COMOL/ S(40540)sH(40240)

041600 COMMON/COM02/ PM(40340)sRM(40240)

{41700 ZOMMON/COMO3/ V(40) W (20540)

041800 COMMON/COML19/ IRETsISTOPsNKAT

ts1900 ZOMMOM/NATOMS/ NATOMS»NINK

f1042000 ~ JEBUG»SUBCHK

0042100 ¢ ZOMPLEX®8 Zd(24924)

fi042200 ¢ )0 3 I=1s24. A g

Lo
A




A

10042300 C )0 3 J=l1,24
0062400 C 3 ZH(I»>J)=H(15J)
10042500 30 2 I=1,N °
0042600 )0 2 J=1sN
10042700 2 RM(150)=5(15J)
10042800 C=~==~-
10042900 IPS=1.E-15
043000 CALL DEIGCH(S»>N>405=0sNsEPSsWWaLwsEL2PH)
1043100 C===== . |
043200 29 10 1=1s¥ .
10043300 IF(EICI) oLEL0.0) GD TO 41
10043400 Cm====
0043500 10 J(1)=1,0/SART(EI(1) )
10043600 )0 13 [=1s4 .
lig043700 )0 12 J=1sN
043800 12 50190)=PM(TsJ) %V (J)

 ww439oo 13 ZONTINUE

110044100 )3 16 I=1sN

110044200 33 15 J=1sN

110044300 PM(I2J)=040

~ {00044400 -~ 3D 14 K=l

- 110044500 14 ’W(IaJ)—PV(IyJ)+CUNJq(<(K:I))xH(K,J)
- 10044600 15 ZONTINUE

10044700 16 CONTINUE

110044800 ' )0 19 I=1sN

B D0 18 J=19N

1(12J)=0,0

0 17 K=1sN -

ISOENIE H(IsJ)+Pﬂ(I;K)»S(h»J)
CONTINUE

CONTINUE

30 3333 I=1sN

JO 3333 J=1aN ' '
A 1) =CONJG(H(T )Y
CALL- DEIGCH(H’N 40:-47N,EPS3WW,LW7V PM)
)0 21 I=1sN

VINK=121)=v (1)

J3 52 1=1sN

| 0 - J0 51 J=1sW

0046500 0 4(I12J)=0,0

10046600 )0 50 K=1sn

40046700 50 A(IsJ)= H(I,J)+5(17K)ﬂPH(K:J)
10046800 51 ZONTINUE .

046900 52 CONTINUE

0047000 C-=---

foo47100 )0 25 I=1sN

0047200 ‘ 5UM=0.0

10047300 30 24 J=1sn

110047400 J0 23 K=13N

1047500 23 3UM=SUM+CONJG(H(Js 1) )#H (K 1) #RM(J2K)
410047600 24 CONTINUE

147700 JEN=SQRT (SUM)

1047800 I3 26°L=190

10047900 26 3 (Lsl)=H(L>» I)/DEN

048000 25 CONTINUE

00481060 C - JO 31 I=1sN

0048200 C 23 31 J=1sN

0048300 C 31 4(IsJ)=0, -~

0048400 C . )0 32 I=13N

1048500 C JJ 32 J=1sN

1048600 C )9 32 K=1sN ‘ :

0048700 C 32 A(Isd)=H(Ls )+ (ZH(I»<)=V(JIHRM(T2K)I¥S(KrJ)
1048300 C ,JRITE<6’35> ' L B 21 s T

AT



b i
L )

10049100
10049200
10049300
10049400
10049500
10049600
10049700
110049800
110049900
10050000
110050100
110050200

100050400
410050500
100050600
110050700
100050800
110050900
{i0051000
100051100
11051200
10051300
110051400
linos1500
10051600

052700

Li038900° €33 FORMAT(! “(H-ESTX=1)

10049000 C

{52600

JALL MATOQUT (%)
30 To 60
41 IRITE(6:242) a
42 FORMAT(' OVERLAP MATRIX IS WNON-PUSITIVE. STOP')
5TOP .
50 ETURN
ZAD
SUBROUTINE DENSIT
ZOMPLEX3#16 SsH»PMIRM
QEAL 8 V

Cmmmmm =it $3%3 CALC. OF POPULATIONS 33

DMPDN/CUMOl/ S(40240)2H(40,40)
<IMMON/COMO2/ PH(40240)aRM(40240)
COMMON/COMO3/ V(40)24(20,40)
COMMON/COML7/ TOEL(30):EN(40)
SOMMON/COM2L/ - CON2 SUMENS>CONSK
COMMON/NATOMS/ NATOMSsivsNK
COMMON/ZINFO/ AN(35)540UT
COMMON/COM13/ TDP(10510)
COMMON/CONM19/ IRETH>ISTOPsNNAT

LDMMDN/INFOl/CZ(55)70(80)7ULIM(35)?LLIM(35)9ULK’ULL$ANL9ANK

INTEGER AN, ULIM’ULK’JLLsCZ:U ANL » ANK
SUMEN=0.0
J0 1 I=1sN ,

1 SUMEN=SUMEN+ENCI)¥V(I)
JJ 21 I=1sN
PA(Ls])=0e0
)2 21 J=1sN ‘
00 21 K=1sN . ’

21 2PM(1s1)= PM(I:I)+REAL(CONJG(5(I J))AS(K9J) (RM( 1K) IHENCJ)
JI=N-1 : " ‘ ' L
)0 22 I=1sNI
IMA=T+1
JD,22 J=IMA»N

A0 sJ)=0+0

)D 22 K=1sN

22 2A(Isd)= PM(I:J)+2nOnREAL(RM<IaJ)%CONJG(S(I’K))NS(JaK))AEN(K)

J0 2 I=1sN]
[JK=T+1
J0 2 J=1JKsN

-2 2M(Jds1)=PM(1sJ)

C---=-=-==¥¥  CALC, OF TOTAL 3t

AVAT=NATOMS

yI=N-1

INATA=NNAT~1

)0 31 L=13NNATA
LAM=L+]

J0 31 K=LKMsNNAT
TOP(LsK)=0,0 .~

0 32 I=1snN1

[Ad=1+1

JJ 32 J=IMJsN
[F(UCI)eNELL) GO TO 32
[FIUCJ)eNELK) GO TO 32
TOP(LSK)=TDP(LakK)+PM(I2J)
TOP(KsL)=TDP(L> K)

32 CONTINJE
31 CONTINUE

)0 3 1=1,NNAT
TOP(Is1)=0.0
)0 4 J=1,N
[F(U(J)WNE.1) GO TO 4
TOPCI21)=TOP(Is])+Pi(Jrd)
4 CONTINUE P
3 ZONTINUE - - 127
SAc-e |



puc s i

17055500 IRITE(6540) ((TDP(15J)9J=1sNATOMS) s [=1sNATOMS)
110055600 40 FORMAT(LHO,'TDP='/1H »6(6F10.,4/1H ))

1055700 RETURN

10055800 END

10055900 SUBROUTINE CHAMNGE

110056000 Cm=mm== CHANGING OF VOIP AND AZETA=-==--

11056100 REAL®S V

posey

110056200 COMMON/COMO3/ V(40)54(20540)

110056300 ZOMMON/NATOMS/ NATOMS N> NK
inoss400 ZOMMON/VOIP/ VOIP(426)3AZETA(456) sCONST>OMLs0M25VP (456)3AZP (4>

1056500 ZOMMON/COM17/TOEL(30) »EN(40) '

11056600 COMMON/COML3/ TDP(10510)

11056700 RETURN 3END

R BETA JF A1402.S.FORT LIST END




f9000100
000200
111000300
- 1000400
11000500
1000600
4000700
£1000800
$1000900
1601000
80001100
fgoo1110
4001200
.4%01300
$0601400
k001410
10001420
1001500

10004200
04300
0004400
1004500
1004700
1004800
104900
11005000
005100

ficos200

oNNOOo0NN

R ALPHA

{200H SYMBOLIC LISTING

COMPUTER CENTREs UNWIVERSITY OF TOKYO DATE ¢

JF  Al4024S.FORT

ARNDGRAM ALPHA
COMMON/COMOL1/ 25(40940)92H(40540)
SOMMON/ARRAYS/S5(403540)5Y(9555203)82(17545)
COMMON/COMO3/ V(40)s4(20540)
ZOMMON/VECK/VECK(3) '
----GENERATIUN QF MATRIX VOIP AND AZETA=-===-=--

ZOMMON/VOIR/ VJIP(QQQ)yAZETA(459):CUNST&ON170M2:VP(4:9)sAZP(4’§
»JMMON/POS/ POS(332G)>F(3513)sB0ONUL>AU»BAUSNC(18)2LC(10)5MC(10)
COMMON/COML7/TOELC30) 9EN(40)

ZOMMON/COML13/ TDOP(10,10)

ZOMMON/ZINFO/Z AN(40)sNOUT ;
COMMON/ZINFOL/CZ(40)5U(80)sULIM(40)sLLIM(40)sULKsULL s ANL 2 ANK

COMMON/NATAMS/

NATOMS s N s NK

”DMMON /TM/TM(353)3G:4(353)5POST(329)sAK(3)sNF(3513) s IFMAXoNUNIT

JOMMON /CDV/CSSSS7CSSSX,CSJXX9CDOSS>COUSX1CDDXXaCSSsCSXsCXSaCXX
I“TEGER ANsULIMs ULKsULL>CZsUsANL s ANK ‘ :
COMPLEX*16 ZS53sZH

REAL

¥8 VM(40)

EAL#B V
JIMENSION OVM(40)
JIMENSION AKM(316)

JATA

3¢

\

JATA

 JATA

32

DATA
ATA

HVJATA

#*
JATA

St
pra

JATA
JATA
DATA

JATA

JATA

Axmxsx.oa.9905;.2256,.0,.3908,.2256,.3080,
|, 20240543080,422565405405222565.05.3080/

AN/143514914:85858585858/9NATONMS/9/

EN/2643t2 /aTUEL/4»;4-’4o’6o,6-36.76a56a76 /’UMl 042/ 5305/
CONST/1475/91FHMAXsNUNIT/ 1339/ - ,
VOIP/14495574785240559%04>

' "32+38315,84/

'VDIP/IZ 8837 08:2.05’9h0o,

32238519458/
AZETA/1e389163831, 58:9%0.9
L 242822028/

AZETA/1+5631e5651. 8,9%0092:19241/

AZETA/14634431.428491,3829%0e224246524227/
THM/6e2545043045-2e45634691250050e50495.396/>
GA/1¢47790e738550690091427920e90e5002141643/ -
POST/0646550050450¢53550¢53590033350430¢465504667>
0441530,27220¢12090e58590+857504213:0485750¢58530.453>
0e14350472830e88030¢72820014350,78720¢27220441590¢ 547/
NF/090209120905051502050515-15050505-12050s05~1>» =
02-15=1505-15150, 1:1:Oa17-l’-1,0 19150s-1/

)EBUG)SUBCHK v
Crmmm= ~=MAKING TM AND GM MATRIX===-~-
AU=.529167 :
0 31 I=113
J0 31 J=113
’ TM(IsJ)=TH(I2J)/AU
GM(I2J)=GM(12J)%AU :
-==MAKING POSITION AND F(TRANSLATION) MATRIX -----
JJ 32 I=1,3
)3 32 J=199
JUS(I!J) 0.
)0 32 K=15937 '
POS(l2U)= PUS(I:J)+TM(K,I) tPOST(Kad)
JO 33 [=1,53

)0 33 J=1513
F(leJ)=0, - ‘
9933 K153 | )

s 29 ww;3ﬂ"w_




wssoo”"“33"“‘F(I?J)=F(i§3$+Tm(K;f)%NF(K{J)W“””“
005400 C====== VOIPYAZETASCyMQDESETC INPUT====-~

£005600 14 FORMAT(4F10.0)
005700

5 FORMAT(3F10.0)
READ(558) CSS»CSX3CXS3CAX
8 FORMAT(4F10.0)

9 FORMAT(712)
Ik(MUDt EQ.0) STOP
, LL COEFFT ‘
IF(NDOt NE.5) GO TO 120
{YNN=0
17 JNRN=NNNN+L
REWIND 30
30 TO (110’1113112311591213122’l£331247
#% 125512651272128512951305131) sNNAN
110 /3IP(1s1)=y0IP(1ls1)=45 3G0 TO 120

122 255SS=(5555+405 3CSS5X=CSSSX=-«05 360 To 120
123 (SSSX=CSSSX++05 3CS5XX=CSSXX=+05 3G0 TO 120
124 CSSXX=CS5SXX+.05 3;C0055=C0085-.05 3G0 TO 120
125 -005S5=C00SS+,05 ;C005X=C00SX~-+05 G0 TO 120

127 COOXX=COOXX+,05 3;C55=CSS-.05 3G0 TO 120
128 C55=CSS+,05 3CSX=C5X-+05 360 TO 120 '
7129 ISX=CSX+.05 ;CA5=CX5-.05 3G0 TO 120

130 CXS=CXS+405-3CXX=CXX=e05-3G0. 70120

131 57T0P 0001 .

120 CONTINUE

oM ONONNONOONONONON

J0 10 I=1»2
VAIP(I+2)= VOIP(I&l) :
CAZETA(I22)=AZETA(I»1)
VOIP(I»3)=VOIP(Is1)
AZETA(123)=AZETA(I»1)
LJ0 10 J=5129
VOIP(I,»J)=vOIP(I24)
CAZETA(I»d) = AZtTA(I)4)
10 ZONTINUE

15 FORMAT(' VOIP='324F10,3)
16 FORMAT(' AZETA='24F10.3)

IRITE(6513) CS55,CSXsCXS5CXX
13 FORMAT(' C555CSXsCXSsCXX="54F1043)
ZALL INTGRL
IF(IHAMCERQ,0) GO TO 140
C-====== WRITING OUT S-=---
IRITE(65350)
350 FORMAT(L1H151X223HOVERLAP INTEGRAL MATRIX)
CALL MATOUT(1) .
Cmmmmm== CALCULATION OF H HMATRIX=======-
)0 408 K=1,NATONS |
)0 408 L=KsNATOHS
| LLK=LLIM(K)
011500 LLL=LLIM(L) o .
11600 _ ULK=ULTH(C) S 10
, _ T '_ @' /'-,_?6 . - . &ux

111 JOIP(151)=VOIP(1s1)+45 3VOIP(2,1)=VOIP(251)=s5
112 /0IP(251)=V0IP(251)+45 3VOIP(154)=VOIP(124)=e5
113 JOIP(154)=VOIP(ls4)+s5 3VOIP(2:4)=VOIP(294)=05
121 VOIP(2+4)=V0IP(2s4)+«5 3C5555=C55585~.05 360 TO 120

126 CJI0SX=CDDSX+.05 ;CO0XX=CO0XX=«05 3G0 TO 120

~-======GENERATION OF MAT&IX VOIP AND AZETA—f--i-

005500 1000 READ(5,514) VDIP(lal):VOIP(&al):VDIP(l 4)sVOIP(2s4)

READ(5359) HODE>HMOD1sANKs ISOL>ITDP» IGRAPH IHAM

- ——

IRITE(6515) VDIP(l:l))VJIP(Zal)sVDIP(134):VOIP(234)

CARITE(6397) C€55555C555X»CSSXX>C00SS»CO0SXsCOOXX
7 FORMAT(' CS5555CS55X,CSSXX»C005S5C005XCO0XX="96F10e 3)

READ(5514) AZETA(1>1)2AZETA(221)sAZETA(L,4)5AZETA(254)
READ(555) CSSS3,C5S5XsCSSXXsC0OUSS»COUSKsCOOXX

5G0 TO 120
3G0 TO 120
G0 TO 120

JRITE(6216) AZETA(L>1)>AZETA(251)2AZETA(L194)>s AZETA(Z:Q)



10013900
110014000
10014100
- 10014200

16800
{0016900
1017000
C%w17100

0018200
{lo18300

ULLC=ULTM(L)
NORBK=ULK=LLK+1
NORBL=ULL-LLL+1
DO 409 I=1>NORBK
DO 409 J=1,NORBL
LLKP=LLK+I-1
LLLP=LLL+J=1
LCI=LC(I)+1
LCJ=LC(J)+1
IF(LLKP,EQ.LLLP) GO TO 410
LLKPU=U(LLKP) 3LLLPU=U(LLLP)

IF(LCI.EQelsANDLCJU.ER.1) GO TO 416
IF(LCI sGE+2+ANDsLCJ«GEL2) GO TO 417
IF((LLKPU.LEQ3IAND.LCIIEQ.l)QORQ

CONST=CXS 330 TO 413
CONST=CSX 3G0 TO 413
CONST=CSS 3G0 TO 413
CONST=CXX G0 TU 413
IF(LCI.EQalesANDLCJWEG,1) GO TO 4272
IF(LCI Gr.2.ANJ LCJeGE«2) GO TO 423

3 CONST=C555X 3G [0 413
422 CONST=CSSS5 $GO TO 413
423 CONST=CSSXX G0 TO 413

412 JF(LCI,EQel+ANDSLCJ+ERWL) GO TO 420

C IF(LCI.GEe2+ANDLCJeGE.2) GO TO 421
CONST=C00SX 3GD TO 413

410 7H(LLKP:LLKP)-~VOIP(LC1:K)
409 CONTINUE :
408 CONTINUE
YRITE(62400) NK
490 FORMAT(! %AMILTDNIAN MATRIX AT NK—'315)
) CALL MATOUT(4) '

140 CONTINUE

K=l

—————— SCANNING OF K VECTuR—~—4—-

2 CONTINUE .
[F(NK=1«GTsMNK) GO TD 1
30 TO (161316291633104:163’1669107 1685168:
3% 190919191925193) »MODE
161 INIK=1 3LASK=2 3G0 TO 170

162 INIK=2 3LASK=3 360 1O 170

163 INIK=3 ;LASK=4 G0 TO 170
164 [NIK=4 5LASK=1 360 TO 170
165 INIK=1 3LA5K=5 ;G0 T3 170
166 [HIK=5 3LASK=6 ;G0 TQ 170
167 INIK=6 3LASK=4 ;G0 7O 170
168 s5TOP -
170 JONTINUE

AK1=0.

)3 180 I=1,3

180 AK1=AKL+(AKM(Is INIK)-AKM(IyLASK))¥¥%2

AK1=SQRT (AKL)

: JO 181 1=1,3 ‘
181 JECK(1)=(AKM(Is INIK) % (MNK=NK+1.0001)
3* ) +AKM(1:LASK)N(QK 1. ))/(MRK+O 0001)
1K=HK+1

CCALL SETSH'

pl=37

IF(LLKPUSLE«3+ANDsLLLPU.LE.3) GO TU 411
IF(LLKPUsGE a4 AND+LLLPU.GEW4) GO TO 412

(LLLPU-LE.3:AND-LCJ.EQ¢1)) GO TO 418

131 -

420 CONST=C00SS ;G0 TO 413
421 CONST=COOXX 3G0 T0 413 - _
413 - CONTINUE S v :
o ZH(LLKPaLLLP)—-S(LLKP»LLLP) (VOIP(LCI’K)+VDIP<LCJ’L))*
3 ~CONST/2.- o » '
30 TO 409




21946
W021948

Mz1950
021952
0022000
22100

4R1Tt(6,551> NK

- -

FIRMAT(' BLOCH OVERLAP MATRIX AT NK-"IS)
ZALL MATOUT(2) ’

RITE(62352) NK

FORMAT (' BLOCH HAMILTONIAN PAT IX AT NK='»15)
ZALL MATOUT(4)

CALL SOLuT

JRITE(6212) (VECK(I)»I=193)s(V(I)sI=1sN)

FORMAT (' EIGENVALUES ‘AT NK='33F10s35 1 ARE"s/(6F%+4))

~DIFFERENCE======~ |

30 TO (40541,42542) »1001
JRITE(30) (V(I)sI=1sn4) 360 TO 40
READ(30) (VM(D)s1=15R)

00 43 I=1sW

MY =vIaI) -VM(])

CARITE(69102) NKa(VM(I)sI=1aN)

CALL DENSIT

FORMAT( ' DIFFERENCE AT NK='5155/(6F344))
IF(MOD1+LE.3) GO TO 40

RITE(40) (VM(T)21=19i)

SONTINUE

[F(ISOL.EQ.0) GO TO 103
IRITE(65353) NK

FORMAT(' SULUTION AT NK='s15)
CALL MATOUT(3)

CONTINUE

[F(ITDP.EQ,0) GO TU 44

CONTINUE

30 To 2 ,
CONTINUE -~

IF(IGRAPH EQ.0) GO TJ 1000

ANKL=MNK+L1

-y -

JRITE(ZO,Sl) NaMNKl,AKl
FORMAT(21105F1044)

ARITE(20550) ((N(IsJ):J l?N):l lrMNKl)

FORMAT(24F10,4)

35TOP 0002 IR
~D0S CALCULATION---==-~===
1KZ=1 3;LKZ=2 ;G0 TO 194
IKZ=3 ;LKZ=4 3G0 TO 194
[KZ=5 3LKZ=6 3G0 TO 194
1KZ=7 3LKz=7 3G0 TO 194
ZONTINUE Lo

WK=0

197
196

195

)] 195 KZ=1KZsLKZ ‘
VECK(3)=0.0238+(KZ=1)%0. 0434 . , e
JJ 195 KX=1,9 :
PORN=0¢5773%VECK(1)-0.026
IF(PORN«LTe04) GO TO 195
LKY=PORN/040434 3LKY=LKY+1
)0 195 Ky=1,LKY
VECK(2)=0.0260+(KY=1)30.0434
NK=NK+1
CALL SETSH
CALL SoLUT
WRITE(62197) NK» (VECK(I)»>I=123)s(V(I)sI=1»N)
C FORMAT(' NK='>14s':K='93F10e35/(6F94))
30 196 I=15A '
VM) =V ()
{RITE(S50) (QVM(I)s1=1sN)

ZONTINUE
5TOP 3END ‘ L 4
..>UBRDUTINE INTGRL 1890

A3




COMMON/ARRAYS/S(40940)5Y(9555203)22(17945)

ZOMMON/INFO/ AN(40)sNOUT : :

IOMMON/NATIMS/ NATOMSsN2NK

ZOMMON/ INFOL/CZ(40)sU(B0) sULTM(40)sLLIFM(40) »ULK>ULL s ANL s ANK
ZIMMON/GAB/T(9359) sPAIRS(G29) s TEMP(§59)2C1(3),C2(3)
COMMON/AUXINT/ZA(17)53(17)

ZOMMON /SOUTER/SOUTER(424364513)5NZ5(224313)

ZOMMON/VOTR/ VAP (457) sAZETA(459) sCONST0M150M2, VP (459)5AZP (459
ZOMMON/POS/ POS(3»9)sF(3513)BONDLAUSBAUSNC(18)5LC(10)>MC(10)
COMAON /TH/TH(353)2GH(323) sPOST(359)5AK(3) 5NF(3513) 5 IFMAXSNUNIT
JIMENSION P(80580)

~ JIMENSION E(3)2@(40)

CZRUIVALENCE (P(1)sY(1)) -

{NTEGER AN,ULIHsULK2uLL3CZsUsANL2ANK

JETERMINATION OF SIZE OF AD BASIS IN ArD CORE CHARGE CZ
JEBUGHSURCHK .

=0
JRITE(651100)

( S(IsJ)sJd=199)s1=123)
FORMAT(LIH »'POS
(
1

0
/3(9F1064/))
WRITE(421101) (I5d)3J=1213)51=153)
FORMAT(1H »s'F= (13F10e4/))
ARITE(651102) ((VOIP(12J)2J=129)51=154)
FORMAT(1Hd »'VOIP="/4(9F10+47))
JRITE(621103) ((AZETA(I»J)»J=159)21=154)
FORMAT(1H »'AZETA='/4(9F1044/))

30 60 I=1snNATOMS

LLIMCI) = N+1 '

k=1 - ‘ e

TF (AN(I)«LT.11) GO TO 20 .

J=N+4 C : o -
CZCTy=AN(I)~-10 _

30 T0.50 ' s '

IF (AN(1)+LT.3) GO TD 40

{=N+4 o

CZ(1) = AN(I)=2

30 TO 50 '

=N+1

S CZCIy= ANCD)

CONTINUE

JLIMCI) = N , ;

' ZONTINUE e - ' , . ,
..... ASSIGNMENT OF ANGULAR MUMENTUM QUANTUM NOS. TO ATOMIC ORBITALS
LCly=0 o | .

LC(2)=1

LC(3)=1

LC(4)=1

LC(5)=2

LC(6)=2

LC(7)=2

LC(8)=2

LC(9)=2

1C(1)=0

1C(2)
1C(3)
1C(4)=0

1C(5)=0

1C(6)=1

1C(7)=~-1

1C(8Y=2 - _

0 4C(9)==2 » R

----- FILL U ARRAY=--U(J) IDENTIFIES THE ATOH TO WHICH ORBITAL J IS
————— \TTACHED E.G. ORBITAL 32 ATTACHED TO ATOM 7> ETCo ~ ‘
9028600 C-=--~=-ASSIGNHMENT OF ORBITAL EXPONENTS 7O ATONS BY SLATERS RULES
{28700 iC(B)=2 jNC(14)=3 .

| A3 .. 133

(P
=1
(F
/3

1~

1

| L O U LT S T R A £ L I DO 1




)] 92 K=1sNATOMS
LLK=LLIM(K)
JLK=ULIM(K)
WK=AN(K)
{DRBK=ULK=-LLK+1
)J 92 1=13sNORBK
LLKP=LLK+]=-1
LCZETA=LC(I)+1
1(LLKP)= AZETA(LCZETA»K)
J(LLKP)=K

92 ZONTINUE

----- STEP THRU PAIRS OF ATOWMS

JJ 320 IF=1,13
11F=0
)3 320 K= lavATDWS
1) 320 L=KsNATDMS
JJ 100 [=1,3
S Z1(I)=POS(IsK)
100 C2(1)=POS(IsL)+F(IsIF)

----- SALCULATE UNIT VECTOUR ALONG INTERATUOM AXIS»HE

CALL RELVEC(R»E»ClsC2)
[F(RaGT«3+1/7AU) GO T3 320
IFCIFWEQLL) GO TO 102
IIF=NIF+1
NZS(1sNIFsIF)=K
VZS(2sNIFs IF) =L

102 CONTINUE

LLK = LLIM(K)
LLL = LLIACL)
JLK = ULIM(K)
JLL = YLIM(L)

JORBK=ULK=LLK+1"
 JORBL=ULL=LLL+1
ANK=AN(K)
ANL=AN(L)

C----=LOOP THRU PAIRS OF BASIS FURCTIORS ONE ON EACH ATOM

)3 200 I=1sNORBK
J0 200 J=1,NORBL
[IF(KsEQeLeANDeIF+EQ.1) GO TO 160
110 IF(MC(I)NEMC(J)) GO TO 150
120 IF(MC(I)aLT«0) GO TO 140
LLKP=LLK+I=1 SLLLP=LLL+J-1 - , A
130 R2AIRS(IsJ)= SART((A(LLKP)MR) ¥ (2¥NC(ANK) +1)3¢(Q(LLLP)#R)#3 (23NC(
1)+1)/(FACT(2%NC(ANK )Y Y#FACT(2%NCCANL) ) ) )3#(=14D0 )3 (LC(J)+MC(J))
ZfSS(NC(ANK)’LC(I)74L(I):NC(ANL)’LC(J),Q(LLKP)‘R’Q(LLLP)*R) ‘
30 TO 190
140 PAIRS(I3J)=PAIRS(I-15J-1)
30 TO 190
150 PAIRS(19J)=0.0D0
30 TO 190
160 IF (I.EQ.J) GO TO 170
130 PAIRS(I»J)=0.000
30 TO 190
170 PAIRS(I»J)=1.0D0

190 ZONTINUE

200 CONTINUE
LCULK=LC(NORBK)
LCULL=LC(NDRBL)
JAXL=1MAXO (LCULKsLCULL)
IF(ReGT40.000001D0) GO TO 220
210 30 70 250

--==-=-30TATE INTEGRALS FROM DIATOMIC BASIS TO MULECULAR BASIS

220 CALL HARMTR(T>MAXLSE)
) 230 I=1sNDORAK
33 230 J=1sNORBL™ . ‘
T= MP(IaJ) = 0eDD = '_1:34
I Q4/~ ¢ o ;




OO N

230

- . -

250
252
254

1320
330

WDDW23UWKK§1;NUQ5E“-~Wmen

TEMP(IsJ) = TEMP(I»J)+T(JsKK)IHPAIRS(IKK)
CONTINUE
JD 240 I=1sNDORBK
20 240 J=1,N0ORAL
PAIRS(1sJ) = 0.00
JO 240 KK=1sNUORBK
PAIRS(I9J) = PAIRS(ILs)+T(IsKK)HTEMP(KKsJ)
ZOMNTIRNUE
rILL S MATQIX
INTINUE
IF(IF-@E 1) 60 7O 252
30 260 I=1,NOR3K
LLKP=LLK+]=~1
)] 260 J=1,NORBL
LLP=LibL+J=~-1
D(LLKpaLLLP) PAINb(IaJ)
30 TQ 320
ZINTINUE .
JG 264 I=1,NURBK
)I 264 J=1sNORBL
SOUTER(ISJoNIFsIF)=PAIRS(1sJ)
CIONTINUE-
CINTINUE
RETURN
ZND
_JBRDUTINE SETSH
[APLICIT COMPLEX%#16 (1)
COMMON/COMOL/ ZS(40940)5ZH(40:40)
COMHD\/ARHAYS/3(4094O),Y(9:5,203)’Z(17’45)
COMMON/NATOMS/ NATOMSsNsNK v

' ”0MMON/VECK/VECK(5)

COMMON/VOIP/ VJIP(Q’Q)aAZE1A(4’9):CONbT,OMlsOM2:VP(4:9)5AZP(4’9)

COMMQN/POS/ POS(B:Q):F(3;13)’bONDL:AU:bAU’NC(lB),LC(lO):MC(lO)

. COMMON/ZINFQ/Z ANC40) »NOUT
‘ CDMNON/INFOI/CZ(40):0(80)’ULIM(QO)’LLIM(40),ULKsULLsANL’ANK

ZOMMON /SOUTER/SOUTER(4»494513)9NZS(224213)

CCOMMON /TH/TW(3;5),bn(3v3)’POST(3’9):AK(B);NF(B;lB):IFMAX:NUNIT'

100
101

COMMON /CDN/CSSSS’CSQSXsCSSXXaCOOSSsCODSXaCDDXXsCSSyCSX,CX55CXX
INTEGER AN:ULIM,ULKyuLL:CZ:U&ANL’ANK : ‘ -
REAL®4 2

JEBUGs SUBCHK

- ARITE(62100) (((NZS(I:JaK):J 1s4)s]= lyd)aK 1513)

FORMAT(1HO» 'NZS="5/14 »2(412/1H ))

YRITE(635101) ((((SQUTER(I»JsKsL)sJ=154)1= 134)9K 1’4)rL 1,13)
FJRMAT(lHO:'SGUTER"',/lH 24(4F1044/1H )

20 2 I=1sN

30 2 J=1,sN

Z5(I+J)=5(1>J)

)0 3 JF=2913

LTHETA=0.

JO 4 I=153 ‘
ZTHETA=ZTHETA+VECKCIIRF (I IF)%(0uvle)

LEXP=EXP(ZTHETA)

IRITE(69102) ZTHETA»ZEXPs(F(I»IF)s1=123)>1F

FORMAT (1H. s "ZTHETAs ZEXP="54F1044/1H s '"FylF='33F10. 4’13)
--SET UP S MATRIX FDR A CCRTAIN Keom o

J0 5 NIF=1,4

’IF(NZS(l,NIFaIF) EQe0.) GU ro 3

{=NZS(LsNIF»1IF)
L NZS(2>NIF»IF).

»LLK=LLIM(K)

LL=LLIML)
JLK UL IM(K)
JLL=ULIM(L)
JJRBK—JLK LLK+1

ar-w/ - 135




1

OO0

- ot o

JORBL=UCL-LLL+1

)3 6 I=1sN3JRBK
JJ 6 J=1sNORBL
LLKP=LLK+]=1
LLLP=LLL+J=~1 ‘
ZS(LLKPsLLLP)=ZS({LLKPsLLLP)+SOUTER(l»JsNIF2]F)RZEXP
CAONTINUE
ZONTINUE
-~CALCULATION OF H MATRIX=======~
)0 8 K=1sNATOMS :

)] 8 L=KyNATAMS

18
16
17

22
23

20
21
13

-y -

1z

LLK=LLIM(K)
LLL=LLIML)
ULK=yLIm(K)
ULL=ULIM((L)
NORBK=ULK=-LLK+1"
NORBL=ULL- LLL+1
DO 9 1=1,NUR3K
DO 9 J=1,NOR3L
LLKP=LLK+I~-1
LLLP=LLL+J-1
LCI=LC(1)+1
CLCU=ELC(UY+] _
IF(LLKP.EQsLLLP) GO TO 10
LLKPU=U(LLKP) sLLLPU=U(CLLLP)
IF(LLKPUsLEe3+ANDLLLPU.LEL3) GO TO 11
IF(LLKPU+GE 24 e AND«LLLPU«GE«4) GT TO 12
IF(LCI+EQeleANDSLCJeEQLL) GO TU 16
[F(LCleGE«2.ANDoLCJeGEL2) GO TO 17
[IF((LLKPUSsLE«3+AND«LCIEGe1)+0R
(LLLPUeLE«3sANDSLCJ4EQ l)) GO TO 18
LCONST=CXS G0 TO 13
CONST=CSX 3GO TO 13
. CONST=CSS ;G0 TO 13
CONST=CXX GO TO 13 ,
[IF(LCIeEQelsANDLCJEQ.1) GO TO 22
IF(LCI.GE.Z.AND.LCJ.GE.Z) GO TO 23
© CONST=CSSSX -3GO0 TO 13 '
- CONST=CSS8S5 G0 TO 13
CONST=CSSXX 3G0 70 13 . ‘ .
. IF(LCI.EQsleANDsLCJEQ.1) GO TO 20
IF(LCI e GEe2sANDWLCJeGEL2) GO TO 21
CONST=COQSX GG TO 13 - ' :
CONST=C0GSS 3G0 TO 13
CONST=CO0OXX 360 710 13
CONTINUE

AH(LLKP:LLLP)‘-Za(LLKP,LLLP)c(VOIP(LCIaK)+VOIP(LCJ’L))n

CONST/2»
30 TOo 9
ZH(LLKP» LLKP)-'VOIP(LCI:K)

CINTINUE

CIONTINUE ’
IF(NKeEQ.1) CALL MATOUT(4)
-==SYMMETRIZATION GF S AND H MATRIX======-- |

2J)3 7 I=1sN

14

15 23
 RETURN GEND

J3 7 J=1sN
Z2S(Js1)=CONJG(ZS(IsJ))
ZH(J» 1)=CONJG(ZH(IsJ))

SONTINUE

JJ 15 I=19N

JJ 14 J=1sN
2S(12J)=0.

CZANTINUE

2S(Isl)=1,
NTINUE

RSO 2 T AT
Al-gs Sod




-

- -

SUBROUTINE DENSTT
ZOMPLEX#16 SsHsPMsRM
JEAL#B V

Cem=——- «=3%33t CALC. OF POPULATIONS sttt

COMMON/COMOL/ S(40240)2H(40540)
ZOMMON/COMO2/ PH(40540)sRM(40540)
COMMON/COMO3/ V(40)s14(20540)
ZOMMON/COMLT7/ TOEL(30)2EN(40)
COMMON/CONM21/ CONsSUAEN CONSK
ZOMMON/NATIMS/ NATOMSaNaNK
CDMMON/INFO/ AN(40)»NOUT
3f40N/C0M15/ TOP(10510)
MMON/COM19/ IRET>ISTOPsNNAT

~>‘JM UN/INFDI/CZ(4O):U(BO))ULIH(4O)yLLIn(QO)aUIKaULLrANLaANK

 [NTEGER AN ULTHsULK s JLL > CZs U ARL 3 ANK

21

32
31

SUMEN=0«0

J3 1 I=1sN

SUMEN= DUHEJ+EN(I)uV(1)
JJ 21 I=1sn '
I4(Ial)=0.0

JO 21 J=1sN

J3 21 K=1»N
9%(1,1):pm(I,I)+REAL(CUNJG(S(I,J))*S(K,J)*RM(I:K))%EN(J)
A1=N=-1 .

JO 22 I=1sNI

[HMA=]+1

20 22 J=1MA»sN

2A(I2J)=00
JO 22 K=1»N

PiM(lsd)= PM(I:J)*Z OARLAL(RM(IﬂJ)hCDNJG(S(I:K))nS(J:K))nEN(K)
)3 2 I=1>N1
CTJK=1+1

20 2 J=TJUKsN
M) = PM(Isd)

-=3%3%3¢ CALCe OF TOTAL TR

INAT= NATDMS
NI=N=-1"
{NATA=NNAT - 1
20 31 L= }:VNATA

CLKM=L+1

)0 31°K=LKHsNNAT
TOP(L3K)=0,0
J3 32 I=19NWNI1

A=l
©J0 32 J=IMJsN

[FCU(T)«NELL) GO TD 32
IF(U(J)+NE.K) GO TO 32
TOP(L>K)=TOP(LaK)+PH(1sJ)
TDP(Ks>L)=TDP (LK)
ZONTINUE
CONTINUE
30 3 I=1,NNAT
TOP(151)=040
)3 4 J=1,N
IF(UCJ)NELT) GO TO 4
TOP(I51)s IUP(I:I)+PH(J,J)
CONTINUE
CONTINUE

,J?ITt(6’40) ((TDP(13J)sJ=1sNATGMS) » I=1sNATOMS)

rORﬂAT(lHO:'TDP"/lH »9(9F8 4/71H ))
RETURN

EnND

JF Al402+S.FORT LIST END

NA/:?3 :ww qf _;v"M13?  




;%NOH SYMBOLIC LISTING COMPUTER CENTREs UNIVERSITY OF TOKYO

|
i

[

M04000

nooNnNOonNNA0 0O

10
11
12

50
51
52
53

20
100

‘31

JF Al402.S.FORT

PROGRAM DOS

DIMENSION V(160536)50(500)5E(500)
DIMENSION A(70)

DATA B/t 1/3S/11/

20 10 I=1s61
E(1)=-33,+([-1)%0405

30 11 [=62,303 S
Z(1)=2=22,+(1-62)3%0405

)0 12 123045425
E(1)==26+(1=304)30405

1=425 3DEL=0405 3DEL2=0.05%3
AAID=DEL/3.141592/154 -
)0 50 J=1r44

READ(50) (V(Js1)s1=1536)

)0 51 J=45,88

READ(51) (V(Jal)sl=1536)

00 52 J=89,132

READ(52) (V(J31)s1=1536)

)0 53 J=133,154

READ(53) (V(J>1)51=1536)

J0 20 I=1»N

D(I)=0, :
D0 21 J=1»154

30 21 K=1230
21

2(I)=D(I)+1e/((ECD)~ V(J;K))%#2+DEL2)

ACI)=D(I)*PAID

IF(D(1)eGTe250) D(I) =25,
GONTINUE - |
ARITE(65100) (E(1)5D(1)s1=15N)

FORMAT(LH 22F9% 433X92F 9, 4,3x,2F9 4)

D0 31.1=1,70
ACI)=B -
00 30 I=1sN c |

[P=5,83%D(1) | - ~

CA(IP)=S

33

ARITE(65101) E(I):(A(J):J 1,70)
FORMAT(1H sF9+4270A1) o

A(IP)=B

CALL PLOTS(999.3999-,'DDS')
MALL PLDT(3'33-’ 3)

1=3. 3NOM=N/M

{=NOM .

J0 33 [=1sN0OM

[I=M3(I=-1)+1

S2(D)=D(IT)

ECI)=E(IL)

CONTINUE

J1=N+1.3N2=N+2

E(N1)==33.

E(NZ2)Y=1e

JINL)=0. .
JIN2)=0s5 S .
CALL AXIS(OeyO.E'ENERGY' -6340.90e9E(NLYIE(N2))
CALL AXIS(0+50e3'005'535254390+2D(N1)sD(N2))
CALL LINE(EsDs>N>1»050)

CALL PLOTV

S5TOP SEND

DATE 8
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00100
00200
20300

WOZIOO
10002110
10002120

10002140
1100220 0
02300
02400
02500

112000 SYMBOLIZ LISTING

R——R

NnNOoOnMN

0002130 -

COMPUTER CENTRE» UNIVERSITY: OF TOKYO

JF A140241.FORT

IR0GRAM SURF
[APLICIT COMPLEX#B (GaVaZ)
COMPLEX®8 H(8516)3V(328)
ZOMPLEX3#B G(83238)sCOET»CW (B)
COMPLEX%8 2ZP(8»3)
ZOMPLEX*8 GST(358230)2Z22(858)
CZOMPLEXS® 8 GUUT(434,150)
ZJIMMON /R/R13R2sR 3’KQ’RD?RD:R73R87R97R10,R115R12$R13
»AK19AK2Z
ZOMMON /COMH/H
COMMON /HOHOF/ HO»HD»F
JIMENSION IP(8)9K03N(130)3Ru4M(130)
CZQUIVALENCE (H(1:9)sv(1s1))
JIMENSION AVL(2)5AV2(2)sXV(2)2YV(2)32AKV(2)
JIMENSION HD(851626)3F(326)5H0(8516)
JIMENSION H1(81+16)
JIMENSION Cﬂ(2:253)7P&(2):SIGN(2’4)
JATA CM/71e30420831e345948669.8660- ~e5525248663-08663¢5/
)ATA Pd/lt:-ZS/:SIGN/loﬂl’9"1-’10’103 les-1 leo=1e/
JATA AV1/=46124343535/39AV2/=e612435=3535/>
3# XV/=eB81655144142/5YV/ =10 4142:--8165/
DATA V/64%0+/ '

ed
A<

~~=PRESENT1-=-==

JATA R12R23R3:R45R55R69R7> R83R93R103R11:R12’Rl3/ ‘
¥-953635~1,5855-4, 1059—,553s-c3£4’e264:o21’~~084:.034!
%e¢1995=,06940695-0484/

’—'?”PP PARAMETERS==~=~=-

JATA Rl’R23R3’?4aRSsRéaR7’R8:R9’R10’Rll3R12:R13/

3-049115=140987-440915=045512-04274204245504265>

#-000759=0e31520,02550+02520.0255=0+315/

---=DRESSELHAUS PARAMETERS ==~~~ -

JATA R1sR29R33R49R5:R6) R7’R8:K99m109Rll9R123Rl3/

K =240959=2,9655-00430+615=1.742-1402>

% 000412550,191255-041375204181255000912550. 15625:0.04625/

-~-=-=~CHADI PARAMETAERS--—-e

- - —

JATA R1sR239R3sR 43R5:R69R7’R8 R9’R10,R113R12:R13/
% 0e22505-1, 475,~5 Zb4la-0 53285-04290350,6310>

% I(O /

JATA F/=0e 6124 Qe 3536,0.9 0 612490 353630o:
* 0090070719003 0e3=~0470715040
® 0461243=02353620435046124500 353650,/
CJ)ATA H0/128%0+/3HD/768%04/

JATA BETA/2.58/

JATA PAI1/3.141592/

R1=R1=5.,15

JRITE(69299) Rl7R2:K3,R4’R99R67R7$N8;R9,R107R11’Rl27Rl3

299 FORMAT(' R1-R13='313F8.3)

XVE1)=XV (1) 3YV(1)=YV(l)

AGl=1s 3EPS5G=0.05

VRITE(628)

FORMAT(' INPUT EIl9EF,DESsDELTA»EPSG IN 5F10.0')
£1=-11. 3EF=0. 3DE=0,1 3DELTA=0.04 3EPSG=0.05

READ(559) DEI>DEF2DDES DDELTA)DEPSG ‘

FORMAT(5F10.0)

IF(DETWNE«Os) EI=DEI

IF(DEF.NEs0O.) EF=DEF

IF(DDE,NE+0,) DE=DDE

 IF(DDELTA«NEWO.) DELTA= DDELTA R L

CAr-es ]

DATE 8,




IF(DEPSG,NE.0+) EPSG=DEPSG~
WN=(EF-ET1+0:01)/DE 3N=NN+1
ICONT=0 3BNDCT=0 :
READ(55300) ICONTsSBNDCT
300 FORMAT(I1>F10.3)
3J1=2.35=-BNDCT
J2=SQART(55225+B1%%2+1.5693%31)
- ZXPl=EXP(BETA%(2+35-31))
ZAP2=EXP(BETA%(3.84~32))
[5C=0 ~ ’
REWIND 20
READ(5511) ISKIPanKEND
CJALL SETHD
SALL RWRITE(HO»'HO ~ '38516:8)
ZALL RWRITE(Fs'F '935638)
10 14 1F=1,6 - :
JJ 15 J=1»16
J) 15 [=113 :
15 ALC(IsJ)=HD(IsJds1F) ;
14 CALL RARITE(HL»'H1  138516,8)
11 FORMAT(213)
[FCISKIP.EQ.0) GO TU 13
20 12 1S=1,]5KIP
- 12 READ(20) (((GDUT(I;J}NUME)vl 134)35J5154) sNUME=19NN) »
Lot (RG3M(I)aRG4M(I)sI=15NN)
13 CONTINUE _ '
----- ~SCANNING OF Ke==m===x
‘NUMK=0
)3 1 Kl=1s12 =
AKV(1)==1e62+0, 28 (Kl-l)
J0 1 K2=1214
AKV(2)==1e88+0.26%(K2-1)
IF(AKV(2) o LTa(0s57743% AKV(l)“1n8856) ORe.
% *AKV(Z)oLTff‘OwS??@%AKV(l) 1+8856)+0Re
# AKV(2)eGT s (0e5774%AKV(1)+1+8856)¢0Re
3 "AKV(2)eGTa(~00 5774 tAKV(1)+1.8856)) GO TO 1
AK1=PAI*(AV1(1) CAKV (L) +AVI(2)#AKV(2))
AK2=PAT% (AV2(1)%AKV(I)*AVZ(Z)AAKV(2))
JUMK=NUMK+1 '
[F(NUMKe LE, ISKIP+OReNUMKsGTNKEND) GO TO 1
10 ARITE(69105) AKL1sAKZ2H2K15K25NUMKs AKY
- - dARITE(62106) AK13sAK23AKV
126 FORMAT(' AK1lsAK2sAKY="94F10.4) ‘ _
i ARITE(62107) ((CHM(J1,J2513)5J2=1352)3J1=1,2)>
1008100 % , (SIGN(J3514)»J3=192) o
0008200 107 FORMAT(' CM»SIGN="26F10.4)
1008300 105 FORMAT(' AK1»AK23sK1>K2sNUMKsAKYV="152F8.3531352F843)
<3ETTING UP OF HAMILTONIAN======
SALL SETH11
CALL H111K(HsHOsHDsAKVF)
CALL SETH
CALL CWRITE(H»'H 1358121658)
------ RESETTING OF Gu==e==-
20 30 I1=1-8
20 30 J=1+8
30 3(Js])=0,
---- *SCANNIQG OF ENERGY~"#"
- £=El-DE 5NUME=0 .
----- ~CHANGE ENERGY~==-r=
40 JUME= NUME+1
- E=E+DE i .
IF(E«GT«EF+0.1%#DE) GO TO 2
2E=E+(Qasle)#DELTA :
¥=0 5IN=0 >I1SW=0
50 J=N+1 = o o :
V10300 Ce=mm-~ CALCULATIDN OF MNEW G======~- ‘ . lf;ﬁ
| R o AI-4b : o




20 51 I=1»8
)0 51 J=1,8
ZP(I’J) Qe
JO 51 L=1s3
51 ZP(15J)=ZP(T1sJ)+V(I>L)%G(LsJ)
)3 52 =198
)4 52 J=1s8
ZQ(¢Isd)==H(IlsJ)
)0 52 L=118
52 2Q(lsd)= ZQ(I:J)~ZP(IaL.éCUNJG(V(J:L))
JO 51 =118
)2 51 J=1193
Za(lsJd)==H(IlsJ)
J0 51 K=118
- 30 51 L=1s8
51 2Q(1sJ)=2Q¢(15J)~ V(IaL)nb(L;K)»CUVJG(V(JaK))
JO 53 =18
53 2Q(1s1)=2G(1s1)+ZE
CALL CINV(ZQ983032832851+0=145CDETsCWaPsINSTCP)

C JRITE(69205) NsEPSCr>G(131)9G(424)9G(595)sG(B858)9INsISW

C 205 FIRMAT(1H »]439F8e35212)

C-=-==<-CONVERGENCE CHECK====~=-
C1=ABS(G(1s1)=-2a(151))/(ABS(ZQ(1-1))+0.001)
Z2=ABS(G(4:4)-Z3(424))/(ABS(ZB(454))+0.001)
Z3zABS(G(555)=2U0(555))/(ABS(ZG(595))+0.,001)
Z4=ABS(G(858)=2Q(828))/(ABS(28(628))+0.001)
ZPSC=C1l+C2+C3+C4
2)J 230 J=1y8
)0 230 I=1,8 ' C

230 3(I9J)=ZQ(1sJ) . L

‘  IF(ICONT+EQelsAND+ISC+EQs1) GU TO 303 -

11012500 [F(EPSCeGT.EPSG) GO TO 203 :

1012600 30 TO. 204

M012700 C--=---=-NOT YET" CONVERGED=~===~

11012800 203 3AG2=ABS(G(1y1))+A35(5(252))

1012900  IF(N.LT«3) GO TO 240

1013000 . [F((AG2-AG1)%(AGL=AGO)+GT 00 > G0 TO 241

13100 C===-===MAX OR MIN===-~

13200 . IF(IN.GE.29) GO TO 244

0013300 - 30 TO (243,244) ,Isw ‘

10013400 243 [SW=ISW+1

11013500 C~--=----BEFORE AVERAGING===-=~=

0013600 241 [F(ISWeEQe0Q) GO TO 240

013700 Cm=m=m~ +=IN AVERAGING=====-=-

13800 , [H=IN+1 -

aOOONNNn

0014000 : )3 245 I=1,8 :
14100 )D 245 J=1,8 R

014200 245 3ST(JaI1sIN)=G(J>1) _
1014300 30 TO 240

14400 C===--==AVERAGE AND CHANGE==----

14500 244 30 247 1=1,8

14600 )] 247 J=1,8

14700 i(Js1)=0,

14800 : J0 248 K=1sIN

14900 248 3(Js1)=G(Jal)+GST(Js12K)

0015000 247 a(J:I)‘G(J,I)/IN

0015100 [SW=0 5IN=9

1015200 240 \50=AG1 3;AGl=AG2

0015300 i) Ta 50

015400 C-==~-=-CONVERGEDz ===~

0015500 204 CANTINUE ‘

015600 C CALL CARITE(G»'G "38:828)

{15700 [F(ICONT,EQ.0) GO TO 302

015800 )0 301 J=la4 , ' :

foiseo0 D3 301 I=1,4 ... 14} ..
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016000 ‘ T2 J+8) =H( 13 J+B) #EXP2

016100 T(I+45J+12)=H(1+42J+12)%EXP2
016200 301 {(I+45J+8)=H(I+4,J+8)%EXPL
(16300 C ZALL CWRITE(H»'H '96916.8)
(16400 C IRITE(55305) BLlsB2sEAPLsEXP2
(16500 C 305 FIRAAT(' BLlsd2sEXPLlacXP2t>4F10.3)
116600 [5C=1 GO TO 50

(16700 303 ZIONTINUE

116800 15C=0

116900 )D 306 J=l,4

0117600 3) 306 1=1,4

§17100 {01 J+B)=H(LsJ+5) /EXP2

(17200 1(1+42J+12)=H( I +45J+12) /EAP2

017300 306 H(1+490+8)= H(1+49 +o)/EAPl

617400 %02 ZONTINUE

317500 IRITE(62202) R:NdhtagsEPSCvu(l:l)ab(4:4)36(593)76(8’8)
117600 C SALL CWRITE(Ge'G 1985898)

017700 02 FORMAT(LIH »2133F7e23F8.%38F7,.3)

{ RG3=AIMAG(3(555)) 3R34=AIMAG(G(858))

10 60 J=194 :

Y 60 1=12%

FAUT (L aJoNUMEI=G( 12 d)

RA3MT(NUME Y =RG3 3 RGLMN(NUIE) =RG4

30 TO 40 . e

—————— JUTPUT ON FILE=-==~--

ZONTINUE ’ o ,
IRITE(20) (((GOUT(1sJsNUME) s I=194)2Jd=134) s NUME=1aNN) s
(RG3M(I)aRG4MLI) 2 I=1aN)

CONTINUE
»TOP SEND
SUBROUTINE SETH11
IWPLICIT COMPLEX®E (PR)
CUMPLEX%8, d(8316) ‘ '
COMMON /R/Rl;R);n33m4:n5:Ré>R7aRd9R99R10aRll:Q147R13-
: s AK12AK2
COMMON /COMH/H
\K3=AK1-AK?2 o
Al= EAP((O-:l.)nAhl) sPI1=CONJG(PL)
PREEXP((Qerle)#AK2) 3PI2=CONJG(PZ)
P3ZEXP(( 0l ) HAKD) PI3=CUNJG(P3)
Z1=COS(AKL) 35C2=CUS(AK2) C3=COS(AK3)
=-=SUBMATRIK 1=1-=====m- ‘ :
(121 )=R]1+2HRBH(CS+CL+C2)
T A(292)=R1I+2HRTH(CI+C2) +2%#RE%CL
i(D’.'S) Rl*Z ﬂ‘{’? (L3+Ll)+é hchZ
1(454)=R1+2%R73#(CL+C2) +2%RB#C3
1(152)=R2+R10% (P)+Pla)+RllA(PIJ+P2)+2 t123#C1
1(193)2R2+RLOM(PIZ+PTL)+R1ILM(P3+PLl)+2%R1234C2
1(194)=R2+RLIM(PLHP2Y+RLIN(PI1I+PI2)+2%Rr12%#C3
1(293)=R2+RL0O#(PI1+P2)+R1L(P1+PIZI+RIKPIZ+R13%P3
10294 )=R2+R1OH(PIB+PLI+RLILIH(P3+PI 1) +RG%F2+R13%XPI2
1H(394)=R2+QL0%(P2+P3)+R11H¥(PIZ2+PI3)+RI*PL+R13%PI1
——————— SUBMATRIX 2-=2-=m==-=
' )0 20 =553
)Y 20 J=193
ACI 2 J)=H(9~-J»9~ I)
“SUBMATRIX 1~2-=—==~==
1(195)=R4+RE#(PL+P2)
1(458)=H(1:+5)
{(126)=R4%*PL+R5H#(14+P2)
1(358)=H(1s0) ‘
{C197)=R43#P2+R5%(1.+21)
1(2>8)=H(1:+7)
1(198)=REX (L, +PL+P2)
"(27.)) Hlyf(ly"'fjc.)"’l .)npl
1622500 1(437) H(255) ,9) ; ' ; o
i ! /4‘/~§£ . . il W 341




1(2,6) Rau(P1+P2) R5
1(397)=H(2+6)
A(297)=R3¥P2+REX(L+PL)
1(3395)=R43%(1,+P1)+R5%P2
1(456)=H(3s5)
1{2356)=R3%P1+R63¥(1a+22)
1(455)=R3+R63#(PL+P2)
)3 30 I=1s7
11=1+1"
JO 30 J=11,8
A0 1 )=CONJG(H(TI5J)) : [
------- SUBMATRIX 2=3~=-=~~ :
1(559)=R4 ,h(uaa) R4 SH(729)=R4 >3H(8»10)=R4 3H(8s11)=R4 _
1(8312)=R4--
1(5510)=R5 3H(5211)=35 3H(6510)=R5 3H(6512)=R5 3H(7511)=R5
4(7512)=R5
4(5512)=R6 3H(6311)=R& 3H(7510)=R6 3H(839)=R3
------- SUBMATRIX 1=3-=~-=--~-
o (199)=R7#(1.+P1+P2)
4(1910)=R11%#(1l4+P1l)+R13%P2
1(1511)=R11%#(1a+P2)+R1L3%P1
{(1912)=R11#(P1+P2)+K1L3
1(299)=RO#P2+R1ID#(1++P1)
4(2910)=R7#P2+RB%(1.+P1)
{(2511)=R10#P2+R11%P1+R12
1(2912)=R10%P2+R11+R12%P1
1(359)=RI#P1+R10%(1le+P2)
{1(3210)=R10%PI+R1L1%P2+R12
1(3511)=R73#P1+R8%(1e+P2)
1(3512)=R10¥PL+R11+R12%P2
1(459)=R9+R10%(P1+P2)
1(4910)=R10+R11%P2+R12%P1
{(4211)=R10+RI1#PL1+R12%P2
4(4912)=R7+RB#(PL1+P2)
~SUBMATRIX 2-4===--~-- .
)0 10 I=558 -
)3 10 J=13,16 .
(1o Jd)=H(17=J9217~1)
RETURN 3SEND
SUBROUTINE SETH - ,
C IMPLICIT COMPLEX#8 (P)
: COMPLEX#8 H(8s16) '
- COMMON /R/R13R25R3sR4» R5sR69R73R83R9>R105R115R125R13
¢ 2AK15AK?2 )
COMMON /COMH/H
AH1I=EXP((0,91¢)%AK1)
PH2=CONJG(PHL)
PH3=EXP( (04910 )%AK2)
DH4=CONJG(PH3)
I346=PH1I*PH3
1(191)=R1+R7% (PH3+Pr4)+kdn(PH1+PH2)
1(292)=H(1y1)
1(3+3)= R1+R7%(PHL1+PH2)+R8¥%(PH3+PH4)
1(494)=H(353)
4(192)sR2+R12%(PHL+PH2)+R9#PH4+R13%PH3
4(1:3L=R2+Rlo%(Pd2+Pﬁ4)+R11%(PHl+PH3)
4(134)=R2+R10¥(PH1+PH4 ) +R11%* (PH2+PH3)
A(293)= R2+R10%(PH2+PH3)+R11% (PHL+PH4)
J(294)=R2+R10¥(PHL+PH3)+R11#(PH2+PH4)
(324 )=R2+R12% $(PH3+PA4 ) +RO#PHL+R13¥%PH2

.-1(595):};(3:;)

{(636)=H(353)

A(797)=H(1ls1)

{(898)=H(1s1) . :
1()96) H(3s4) T B s

- R 143
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1035400
1035500
035600

fw35700

10

20

5TTI AT A)

A(528)=H(134)
1(657)=H(253)
1(628)=H(1,3)
1(728)Y=H(152)

1(135)=R4+R5%PH1
1(295)=H(1,:5)
1(427)=H(1ls5 )
1(428)=H(1,5)
{(196)=R4%PHL+R5
A(296)=H(156)
4(397)=H(1386)
1(338)=H(1ls06) . '
1(127)=RE%(1s+PHL)
4(298)=H(1:s7)
1(198)=Ré6%(1s+PH1)
1(227)=H(1+8)
1(325)=R434 (1 +PHL1)
1(496)=H(345)
1(356)=R3%4PH1+R6
1(495)=R3+R635tPH1

JO0 10 I=157-

[1=1+1

JO 10 J=11,8

A(J2 1) =CONJG(H(I»J))

1(539) =R4%PH3+R5 | ,
1(699)=H(559) R .
4(8511)=H(559) - o

1(B912)=H(559)

1(5210)=R4+R5#PH3

A(6210)=H(5210)

A(7511)=H(5510)

A(7212)=H(5510) :
- 4(5911)=R53%(1++PH3)

A(63512)=H(5511) -
A(5212)=R63%(1s+PH3)
A(69211)=H(5512)
A(729)=R43 (1 +PH3)
A(8210)=H(7+9)

CA(79210)=R3+R6#PH3
1(829)=R3XPH3Z+RE

4(159)=R7%(PH3+PH6) +RE8% (14 +PH1)

“4(1210)=R10%(1e+PH1)+R11%(PH3+PH6)

4(1311)=R1II%(PHL+PH3)+R12+R13%#PH6
1(1912)=R11#(1a+PHO)+R1I2KPHI+R13%PH3
1(229)=R10%(PH3+PH6)+R11#(1la+PH1)
1(2210)=R73%(1e+PH1)+R8%(PH3+PHO6) "
J(2511)=R113#(1le+PHE)+RI2HPHI+R133%PHL
1(2512)=R11#(PH1+PH3)+R12:tPH6+R13
1(359)=RO#PHE+R1I0%(PHLI+PH3)+R12
1(3210)=RI#PHL+R10%(1++PH6)+R12%PH3
A(3911)=R7#(PHL+PH6)+RB3 (1. +PH3)
4(33512)=R10%(PH1+PH6)+R11%(1.+PH3)
(499 )=RO%PHI+R1 0% (14 +PHE) +R12%PH1
1(4910)=R9+R10% (PH1+PH3)+R12%PH6
1(4911)=R10%(14e+PH3)+R11#(PH1I+PHO)
1(4912)=R73#(1s+PH3)+RBX(PHL+PHS)

JO 20 I=1924 :
1(9=1916)=H(128+1)
1(9=1915)=H(2:8+1)
1(9=1214)=H(358+1]) _ .
{1(9=1513)=H(4>8+])




RETURN $SEND
SUBRDUTLNE‘CINV(A&N:M,N11M1’EP59UET’N71P’NSTUP)
[MPLICIT REAL%*&4(A-Hs0-2)

COMPLEX8 AsDETsPIVOTswWs>AWKs PVT

JIMENSION A(N1a1)2IP(1)sw(l)

REAL MAX

M = N+M

ZPSS = 1,0E=-2%EPS

JET = 1.0EQ

)0 160'1:1,N

O IPCIY =0

160 ZINTINUE

2IVOT SERCHs

JO 270 K=1sw
4AX = ~1.0E0
30 190 I=1sN '
IF ¢ IPCI) ) 17051705190 -
170 CONTINUE
A\38S = ABS(A(I:K))
. IF ( MAX-A3SS) 18051505190
130 CJONTINUE . :
1AX = ABSS
L =1 ‘
190 ZONTINUE

ZHECK SINGULARITY AND CALCULATE DETERMINANT.

IF ( MAX- EP: ) 1010;101032U0
200 CONTINUE
©TAIVOT = A(L9K)
CJET = DET%PIVDT

 3TART SWEEP DUT.

IP(L) = K "
AVT = -140040/PIVUT
JO 250 J=1sNM : '
 IF  J=K) 21052505210
210 CONTINUE
AWK = A(L»sJ) % PVT
- IF (- ABS(AWK)=-EPSS ) 240:2409220
220 CONTINUE ' -
-~ )0 230 I=1,N ‘
S A(Ted) = A(lLd) + A(I’K)%AWK
230 CONTINUE
240 ZONTINUE
“A(L2J) = -AuK
250 ZONTINUE
: )0 260 I=1sN
v A(IsK) = A(IsK) 3% PVT
260 CONTINUE '
o A(L»sK) = =PVT
270 ZONTINUE:

ZXCHANGE COLUMN.

J0 290 J=1sNM
30 280 I=1sN
, VD) = A(lad)
230 CIONTINUE
JO 290 I=1sN
ACIPCIYy U = wWCDD)
290 CONTINUE ' , .
__}f_SWN_l ) 350,3)0:§30 L

ﬁ/fV - .. 145




300 <

310

320

1000

1010

1011

1020

ONTINUE™ T
J0 320 I=1lsnN

J0 310 J=1sN

10dY = A(lsd)

CONTINUE

)3 320 J=1sn

A(IsJd) = W( IP(J) )

ZONTINUE

J0. 340 [=1s N~-1

)0 340 -J=I+1,N

IF ( IP(I)=IP(J) ) 34053405330
ZONTINUE
JET = -DET

SANTINUE o

ZONTINUE
ISTOP = 0
RETURN

ARGUMENT ERROIR RETURWs
CONTINUE

ISTOP = 3
ARITE(6510) NoManNlsil

- RETURN

IATRIX IS SINGULAR.

CONTINUE

JET = 0.0EQ

IF ( MAX') 1011510201011
CONTINUE

IRITE(6220) K-

ISTOP = 2

RETURN

CONTINUE

ARITE(6930)

CySTOP = 1

RETURN

FORMAT(IHO:'(SUBR. CINV) INVALID ARGUMENT.

FORMAT(LHO» " (SUBRe CINV) MATRIX

ZND

JF A140241.FORT LIST END

AJ;I% ; , ) v,; ;;l4_,

NsMsNLoMl =1s415)
IS SINGULAR AT STEP #'515)
FDRHAT(lHOa'(SUDR- CINV) MATRIX IS SINGULAR.')




$-200H SYMBOLIZ LISTING COMPUTER CENTRE» UNIVERSITY OF TOKYO . DATE &
4R SURF12  JF  Al40241,FORT

AROGRAM SURF12
[APLICIT COMAPLEX#8 (GsVsZ)
ZOMPLEX*8 H(83216)2V(828)
ZOMPLEX#8 G(B838)9ZP(398)sCRET»CW(8)
COMPLEX#8 GST(818530)224(858)
' ‘DMWDN /R/Rl3R27H59R4’R5$R6:K7’RG:R93RlOaHll R12,R13
3 s AK1 9 AK2
ZOMHMON /CO4H/H
JIMENSION IP(8)
ZQUIVALENCE (H(129)av(1s1))
CJATA V/7643%0./7
JATA R135R2yR33R495R59R63IR7IRBIRYIR105R119R122R13/
¥ =240059-249659~0eb430a613=1e745-1+02>
3% 040412550 19125,'094137930 1812590¢0912590,1562530604625/
JELTA=0.01
AK1=0s 3AKZ2=0n
ZALL SETHI11
Jo 1 IE=1,160" o
. Z==le+(IE-1)%0.025
Commmm-= RESETTING OF G======~
‘ )0 30 [=1»8 ’ '
J3 30 J=1-8
20 J(J:I) 0. -
2E= E+(0-,1 )ADELTA
=0 N
20 2 NM= 1716
=N+l :
Commmm= CALCULATION OF NEW e-r~-*--
)0 51 =198 : -
J0 51 J=1»-8
LP(Isd)=0e
)0 .51 L=1»8 g ~
51 ZP(IsJd)= ZP(I!J)+V(I?L) tG(Lad)
J3 52 [=1s8
)3 52 J=1s8 w
ZA(TaJ)==H(1sJ)
JO 52 L=1»8 ‘ ' o
52 ZA(I19J)=2Q(¢1sJ)~ ZP(I3L) CDNJG(V(J,L))
)3 53 [=198 ‘
53 ZA(Is1)=2Q(1s1)+ZE
ZALL CINV(ZQ3s850283851.D" 149CDET$CW:1P NSTUP)
20 230 J=148
JO 230 I=1,3
230 3(19J)=ZQ(IsJ) ‘
[F(NeEQs1eUR¢NsEQe2edReN+EQeb4eORsNsEQe8o OR N EQ 16)
3 GO TO 3
30 TO 2 : .
3 R3@l= AIMAG(a(lal)) 3RG2=AIMAG(G(454))
RG3=AIMAG(G(525)) 5RG4= AIMAG(U(B:B))
JRITE(20) EsRG1IRG22RG3»RG4
- ARITE(69100) NsE>RG1sRG2sRG3RG4
100 FIRMAT(1H »1335F9e3)
2 CONTINUE - o
1 CONTINUE
STOP SEND '
PR0OGRAM PLS
JIMENSION o(280:534):t(282):R(282)
L ATI60 NL=dvL N2=Nt2

Ay




190005900
100006000
100006100
100006200
100006300
100006400
100006500
100006600
100006700
100006800
100006900
100007000
100007100
100007200
90007300

100007500
100007600

00007700
10007800
00007900
100008000

400008100

100008200
100008300

100008400
100008500
100008600
10008700

10009200
00009300
00009400
00009500

10009700
00009800

00010000
00010100
10010200

00007400

0009600

00009900

1
6
C
C
c 7
C 190

00008800 -

C3(IsJdsK)=

COF AL4024T.FORT

J3 1 I=1 : .
READC(20) E(J)sG(JI3I1a1)>G(JUs192)3G(Js2]93)5G(Js]34)
CONTINUE ’ :
J3 6 1=1,N
JJ 6 le:S
)] 6 K=1ls4
3(IsJsK)==G(]sJsK)
[F(G(1sJsK), GT-lZ ) G(ladaiK)=12.
23 7 J=1,N
30 7 1=1,5
IRITE(65100) E(J):G(JaI:l)aG(J:I:Z):G(J:I:3)5G(J31’4)
FORMAT(1H »5F843) ~
CALL PLOTS(D.s045'3URF")
ZALL PLOT(2e22:5=3)
RANL)=0s 33(N2)=0e5 ,E(Nl)~-1o
JO 2 K=1s4
33 3 [=z1,5 .
CALL AXIS(0es0es 'ENERGY!'»~- 6’XM3099-1.30¢5)
CALL AXIS(O.:O-a'LDDS"43YV990.aU-,0 5)
J3 4 J=1,N
RII=G(Js» 1K)
CALL LINE(EsRaN»12050)
HALL PLDT(]_O-’O-, .7)
”ONTINUE
CALL PLOTV
STOP SEND
AROGRAM PLS1
JIMENSION G(28075:4):E(282)5R(282)
¥=160 3N1=N+1 iN2=N+t2
AM=8Bs 3YM=20 :
)0 1 J=1sN
I'=1
READ(20) E(J)oG(J’I l):G(J)IyZ)oG(J’I’3):G(J’I’4)
CONTINUE ‘ ‘ ‘
20 6 I= 17N
J=1
)Y 6 K=ls4
-G(ISJ7K) : o
IF(G(IsJsK)aGTe 12 ) G(IsJsK)= 12-
I3 7 J=1sN , :

SE(NZ)=045

)0 7 1=1s5

ARITE(65109) E(J)’G(Jsl:l)36(J’I,2):G(J’I’3):G(J’Ia4)
FORMAT(1IH »5F8.3)

CALL PLOTS(QesQas'SURF")

CALL PLOT(2e32289=3)
J0 2 K=1s4%

RINL)=0e 3R(N2)=045

SE(NL)=-1e SE(NZ2)=0.5

CALL AXIS(0e3s043'ENERGY'2~63XM30e5-10e2045)

CALL AXIS(On’Oaa'LDUD 249YM990490e20,5)
=1 ‘

20 4 Jz1sN

R(J)=G(Js]sK)

CZALL LINE(EsRsN»12050)

CCALL PLOT(1049045-3)

CONTINUE
ZALL PLOTV
STOP $END

LIST END

tﬁm;;?vi{g;;www_{fffﬁLQS




00H SYMBILIC LISTING COMPUTER CENTRE> UNIVERSITY OF TOKYO DATE 8!

JF Al402.35.FJRT

PROGRAM CBLHM
[MPLICIT COMPLEX#8 (C)
JIMENSION G3MAT(800)sGPHAT(800)»EMAT(300)
JIMENSION CTEMP(494)3sSGSMAT(8B00)>SGPMAT(800)
JATA CA>» CB’CDDCF:L67CAU)CBJ3CDL’LFO$CGU/
* 10150 / :
JATA PA1/3.141592/
<=0 3 [GRAPH=0

ITS=0 ; ~
©5Us0 3SV=0 3ST=0 3SX=0
Cmmmmm ~SILICON EHT INCLUDING OVERLAP-==—=--
C J9=-5, 3V0=0, 3T0=2.5 3X0=3.1 3ES==15,7 ;EP=-7.8
C 5Uze24 3SV=0. 3ST==+19 35X=-.21 |
Cm=====3ERMANIUM CHADI======~~

JO0=-147 5V0=0.7 3T0=1, 7 3X0=1e4 3ES==6.3 3EP=2,1
Crommm= ~SILICON CHADI=~=~==~=~- :
C J0=-240 3V0=0e8 3T0=1+9 3X0=1+5 3ES==6s 3EP=142
IRITE(632113) ES»EP>U0>V0sT0>X0sSU2SV»ST»SX
113 FORMAT(1H12'ESHIEPs>U0sV0aTO0sX03SUsSVaSTaSX="510F743)
READ(53963) IGRAPHEIEFsDESEPSHEPSF
63 FORMAT(I1325F1040) = :
- IF(EPSF+¢EQ+s0s) EPSF=0.001 C o o -
IF(EPS«EQeDs) EPS=1s : : L
IF(DE«EQs0Q«) DE=0e1l
IF(EF+EQ, 0.) tF ).
Z=El
iRITE(6364) .
b4 FURﬁAT(lHla' ' E  EPS . IT!'s
‘ 12X:'GP':12X)'uS')llX:'SGP'slle'SGS',11X"TGP')llx"TGS
) . i
”OVTINUE :
IF(E«GT.EF) uD TD lOJ
NAIN=10
1T=0 : : - ‘ ' ‘
: J=U0~ EnSU 3V=VO-E#SY 3T=TO-Ex*#ST 3X=X0-E#SX
62 CONTINUE ' :
[T=1T+1
CE=CMPLX(0.9EPS)
CA==3%#X¥CG+UCD .
IPSVHCA+2%TH#CB+X3%CF -
CRETHCA+VHRCB+THCB+X#CF .
IY==XHCA=2%#X#C3+UNCF
CZ=VHCG+2¥THCG+X%CD
CPC=E+CE-EP=33%CP
CAC=E+CE-E3~-33#CQ
)3 20 I=153
20 20 J=193
20 ZTEMP(L»J)=CR _ ‘ , o
J0 30 [=1-3 ; I , -
CTEMP(I91)=CPC ‘
CTEMP(4s1)=CY
320 CTEMP(124)=CZ
. CTEMP(434)=CQC
ZALL INV(CTEMP)
CAD=CTEMP(4+4)
CPD=CTeEMP(1s1)
CRD=CTEMP(2s1) .
- ZYD=CTEMP(421) . ,
AL “="3f;9

«)'.( ¢




ZZD=CTEMP(1l24) :
ZAO0=CA CBO=CB CD0O=CD ;CF0O=CF 5CG0O=CG
ZA=CPDM#V+23#CRD#T~-C2D %X
C3=CRO#V+CPD#T+CRD#T~-CZD#X
CD=33#CYD#X+CQADNYU
CF==CYD#Y=23CYD3* T*CQUAX
CG=~-CPO#X=23#CRD#X~-CZY3*
ZRR=MAX(ABS(CA~ CAD)’ABS(CB CBO)sABS(CD=-CDOY) >
# ' ABS(CF=CF0)sABS(CG=-CGO))
CA =(0OMEGAxCA+DMEGAL#CAD)
23 =0OMEGA#CB+0MEGALRCHBD
20 =OMEGARCD+0MEGALHCOD
<F =0MEGARCF+0MEGALXCFO
-CG =0OMEGAXCG+0OMEGAL®CGO
1=MODCITaNANW)+1
SAR= (CA+CARM(N~1Y) /N
CAR=(CB+CBR#(N=1) )/ N
CIR=(CO+CORM(N=1)) /i
SFR=(CFH+CFR¥#(N=1)) /N
ZGR=(CQR+CGRI(N=1))/N
IF(N+NE-NNA) GO 7O 503
- ZA=CAR 3CB=CBR ;;CD=CDR »CF=CFR 3CG=CGR
503 ZONTINUE :
[F(IT.GEL300) GO TO 501
[F(ERRaLE«0,0001) GO TQ 500
31 7O 62
500 CONTINUE
[F(EWEQeEI 4AND.EPS.GT.EPSF) GO TO 600
30 TO 501 | | L |
600 SPSSEPS/10 S - R
30 TO 62 ' ' ‘ > B ‘ B
'601 "DNTINUE ,
O ITS=ITS+IT ’ ,
TF(IGRAPH«ER49) GO TO 60 ‘ -
- CGP=-1./(E-EP~ ~ 435t (CASRY+234CB % T+CF%X))/PAI
ﬁ”GS-~1 /(E~ES+43%(3%CGHX=CD%U) ) /PAT '
SGP=43¢ (CA%SV*Z%CB¥ST+CF%SX)%CGP
CSGS=43%(=33%CGHSX+CDRSU) ¥CGS
- ZTGP=CGP+CSGP
| CT65=CGS+C5GS '
IF(IGRAPH«EQ,1) GO TO 401
- YRITE(69400) E::PS’IT:C”P:CGS:CSGP:CSGS:CTGP’CTGS
400 FORMAT(LH 3sF6e29F6eb4s]lb4s4F7443510F7.3)
401 I<X=NK+1
IPMAT(NK)=AIMAG(CGP) %3,
ISMAT(NK) =AIMAG(CGS)
SGPMAT(NK)=AIMAG(CSGP) %3,
33SMAT(NK)=AIMAG(CSGS)
IMAT(HNK)=E 33E=E+DE
30 T4 60 o
100 JRITE(65105) ITS
106 FIORMAT(' TOTAL ITERATION NUHB:R '5110)
[F(IGRAPHEQeQaORe IuRAPH EGe9) STOP
ARITE(205,105) NK
105 rDRMAT(I )
4?1TE(20:104) (fPMAF(I),GSFAT(I)’SGPMAT(I)aSGSWAT(I)sEMAT(I):
3% I[=1sNK)
104 FORMAT(S5FL0.4)
.- 3TOP 3END ‘
SUBROUTINE INV(A)
COMMON "NSTaP-
COMPLEX AsDETsPIVOTaWsAWKS PVT
JIMENSION A(4’4)31P(4)9h(4)
QEAL MAX

SO0 N

112400 C \RGUMENT CHECK. *13_0 | e
[ e el o o 150



V=4 3M=0 3N1=4 3Ml=4 SEPS=1.0E-5

31 = N+M

IF ¢ N ) 1000510005100
100 ZAONTINUE

[F ( N-N1 ) 110511051000
110 CONTINUE

IF ¢ M ) 190021205120
120 ZONTINUE

[F ( NM=M1 ) l30y130a1000
130 ZONTINUJE

IF ( EPS ) 140,150,150
140 CZONTINUE

IPS = 1.0E-5
150 ZINTINUE

IqITIALIzATlum.
SPSS = 1.0E-23EP

JET = 1.0EQ
20 160 I=1sN
IP(Il) = 0

160 ZONTINUE
 PIVOT SERCH.

30 270 K=1,N

1Ax = "1QDEO

JO 190 I=1sN .

[F ¢ IPCI) ) 17051705190
170 JONTINUE o

© ABSS = CABS(A(I:K))
U IF ( MAX-A3SS) 18051905190
130 CONTINUE = - . o
: "1AX = ABSSf
L= 1

- 130 -JNTINUE

(=HECK SINGULARITY AND CALCULATE DETERMINANT-

, IF ( MAX=EPS ) 1010:1010:200
200 CONTINUE

o AIVOT = A(LsK)

JET = DET#PIVOT

 START SWEEP OUT.

IP(L) = K
S AVT = -1,00+0/P1IVOT
70 250 J=1.0NM
©IF ( J-K) 210525052190
210 CONTINUE
‘ AWK = A(L»sJ) 3¢ PVT
[F ( CABS(AWK)~EPSS ) 2405240,220
220 TONTINUE
J3d 230.I=1»N
AMIad) = A(Isd) + ACI»K)XAWK
230 CONTINUE
240 CONTINUE
A(LsJ) = -AWK
250 CONTINUE &
T30 260 1=1.8
A(TaK) = A(I»K) % PVT
2560 CONTINUE
A (LK) E -PVT L »
270 CONTINU | e 1Ey




230
230
300
310
320

330

340
350

1000

e e i B e e o e e i e e s e m e o  ——— — e - — ot

EXCHANGE COLUMN,

JY 290 J=1sNM

JO 280 I=1,5N

(1) = A(l,.J)

ZONTINUE

)2 290 I=1sn

AC IPCI) ) = W(DD)
ZIONTINUE

[F ¢ N=1 ) 35053505300 °
CONTINUE

)0 320 I=1lsnN

)3 310 Jd=1sn

W(J) = A(ls )
ZONTIRNUE

)0 320 J=1sN
A(Isd) = W( IPCJ) )
CONTINUE

JO 340 1=1s N-1

JO 340 J=1+1sN

IF ( IPCI)=IP(J) ) 34053405330
CONTINUE

JeT = -DET
CAONTINUE

CSONTINUE

ISTOP = 0

RETURN

\RGUHcNT ERROR RETURN. R LT s
CONTINUE | | »

~ISTOP = 3.

ARITE(6510) VSM:NI:MI

- RETURN

JATRIX s SINGJLAR.

1020

10
20
30

YLD 2GPHAT(X) R |

CONTINUE

JET = OQOEO '

[F ( MAX ) 10115102051011

CONTINUE

lRITE(é:ZO) K

ISTOP = 2

RETURN .

CONTINUE

IRITE(5530) ¢

ISTOP = 1

RETURN '

FORMAT(1HO»'(SUBRe CINV) INVALID ARGUMnVT. NsMsN1sM1 -';415)

FORMAT(1HO» ' (SUBR. CINV) MATRIX IS SINGULAR AT STEP #'s15)
FORMAT(1HOs ' (SUBRe CINV) MATRIX IS SINGULAR.'")

ZHD

AROGRAM PLDOS

JIMENSION JSMAT(BOO):GPiAT(800)’SGJMAT(800)$SGPMAT(800)

JIMENSION Yl(800)9Y2(OOO):X(800),Y3(800)

READ(209100) NK

FARMAT(15)
%aAD(20:lOl)(GPMAT(I):GSHAT(I),SGPMAT(I)’SGSMAT(I)’X(I)’I =1sNK)

FORMAT(5F10.4)

CALL PLOTS(999+35994+5'S SAKURAL TAKAYASU!)

:ALL PLDT(l!,St,-S)
JO 10 J=1»93

30 TO (19253)2J

)] 11 K=1»nK

o
o

A/:fﬁ




117 Y2(K)=GSHAT(K)

. 0 T04

2 )0 12 K=1»aK
f1(K)=SGPMAT (K)

12 {2(K)=SGSMAT(K)
50 TO 4

3 00 13 K=193K
71(K)=GPMAT (K)+SGPMAT (K)

13 {2(K)=GSMAT(K)+S5GSMAT(K)

3D TO 4

4 )3 14 K=1aak

14 ¢3(K)=Y1(K)+Y2(K)
JIKL=NK+1 3 NK2=NK+2 |
fLONK1)=Y1(1) 5YL(NK2) =42
2(NK1)=Y1(1) 3Y2(NKR) =42
Y3(NK1)=Y1(1) 3Y3(NK2)=42
(CNK1)=X(1) 3X(NK2)=2e

ZALL LINE(XsYLlsNKs1s020)
CALL DASHLN(X»Y23NK»s1)
ZALL LINE(X»Y3sNK>12050)
[F(J.EQe2) GO TO 15
1028000 JALL PLOT(0a3l5e2~3)
1028100 30 TO 16
1028200 15 CALL PLOT(2845-15+49-3)
16 ZONTINUE .
10 ZONTINUE
CALL PLOTV
- 3TOP 3END

JF Al402.55,FORT LIST END

*”"/4 /-(; - 153 "

CALL AXIS(04904>"ENERGY'3=6920+30+2X(NK1) s X(NK2))
SALL AXIS(0420e5'D0S'53510,59043YL(NKL)aYL(NK2))

.




.200d SYMBILIC LISTING COMPUTER CENTREs UNIVERSITY OF TOKYD DATE &

GEE IF Al402+5.FORT
100100 FUNCTION-HA(CANK s LCI9MCI»ANLoLCJsRaNANK s NANL)
500200 INTEGER ANKsANL
060300 Cmmm==—-= PRESENT1==-=--~
300400 ' JATA 5VSS’SVDP55VPS:JVPPS’SVPPP9
000500 * SUSQ:aUSP:SUFSsSJPPSaSUPPP:
000600 3¢ DSESS,DSESP/ ‘
000700 H=2014432,0952.0922. 5463-0.5&0:
000800 %)el239-0, 366"'\)93003\)04557"’\) 154’
100900 %-5.29,10043/
1m001000 JATA VSS3yVSP3sVPS»VPPSHsVPPP,
01100 * USSsUSP»UPS»UPPS»UPPP
101200 w* DESS»DCSPH»DEDSH»JEQRP/
101300 * ~2¢8595443F:535442=10b>
001400 * ~0+15350490420.452-0+45)
901500 % Ge82910.6073=14.633-1+83/

C A-l 593¢76123¢595,7129=0eb4>
C “006304850,8914293-0,16>
C %3.86,8.363-16n36:”1o77/
Cmmmmm PP PARAMETERS=m====
C JATA SVSS»SVSPs»SVPS»5VPPSsSVPPP
C ¥ SUSS’SUSP)SUPSDDUPPS’SUPPP’ o S o »
C R DSESS»DSESP/ e : R
C ®* ~2¢08324127241222. 323-0 52» : ‘ B
C ¢ . 0es0w30420e585-041>
) C _ ? . '4.2&3’0-107/ ' -

L= ~-CJ PARAMETERS = ===~ ‘ ' '

- JATA SVSS&SVSP,DVPS:bVPP57SVPPP’

% SUSSaSUSPs»SUPSH SUPPS:SUPPP’

3. DSESSsDSESP/ ‘

¢ =2e075520 7583,2 7553’3 129a~0 92125

3% 5 Oo’ ‘ e :

* =b4e22147/ - '

" DATA 2059Z0P,285325P/2. 24632 22751, 6344a1.4284/,

* R0OS/3,0434/ .

JATA B/2.58/
DATA DSOsDS5/=10443-5415/
Z5S=DS0+DESS
 ESP=DSO+DESP
Z0S=DSO+DEDS
Z0P=DSO+DEDP
3ESS=DSESS+DSS
3ESP=DSESP+DSS
IF(NANK+EQW5) GO TO 200
IF(NANKSsEQu2,AND o NANLeEQe4) GO TO 400
IF ( (NANKoNE o220 AND s HANL+EQe4) o DR
% (NANK+EQe2¢ANDsNANLWNEL4)) GO TO 30
: IF(ABS(R)+GT+0401) GJ TO 20
--===< DIAGANAL===--~-
IF(NANK-EQ.4) GO TO 15
IF(ANK+EQe14sANDSLCI-EQs0) GO TO 11
[F(ANK.EQel4.AND.LC1.EQ.1) GO TO 12
[F(ANK+EQeB8sAND+LCI+EG.0) GO TO 13
[F(ANK/EQs3vAND.LCI«EQe1) GO TO 14
~STOP 0005 .
11 44=ESS ;60 TO 1
12 {4=ESP ;G0 TO 1
13 44=E0S 360 TO 1
14 44=EOP ;GO TO 1

T#ge < 154




C
C
C
C
C

715 CINTINUE

[F(LCI.EQ.0) GO TO 1%
IF(LCI.EQs1) GO TO 17

16 {4=SESS 3GJ 70 1

17 4H=SESP ;GO TO 1

20 CONTINUE
[FCANKSEQel4, AND ANL EQ.14) GO TO 30
[F(ANK.EQs 14 AND+ANLEQ.8) GO TO 40
[F(ANK+EQeBeANDeANLeEQ.14) GO TQ 50
IF(ANKSEQeBsAND e AL o t@ 8) G0 To 60
3TOP 0006

30, CONTINUE
{4=0. 360 TO 1

40 IZONTINUE
IF(LCl.EQeDsANDWLCJ. CQ 0) GO TO 41
[F(LCI+EQeQeANDLCJeER.1) GO TO 42
IF(LCI EQeleAND+LCJs£Qe0) GO TQ 43
IF(MCl.EQe0) GO TO 44
IF(MC].EQel) GO TO 45
- 3T0P 0007
41 {H= VSSnUVERS(3:0:07205:25030:205:R31)/ :
R OVERS(35050225592205,09Z0S»R05,1)3G0 TO 1
42 {H=VSPHOVERS(350:052552251509Z0P>R>1)/
3 © DVERS(335030223522515,0520P5>R0S,1)3G0 T0 1
43 AH==VPS*OVERS(35150925P»25050520S9R»1)/
% GVERJ(5,1’09ZQP32!0)0’L055RU531)3GU T0 1
44 4=VPPSH#QVERS(35190925P5251505Z20P2R»1)/
#* - DVERS(3’190!ZQP’ZSl’O’ZGP?RUS,l)360 T0 l

45 dd= =VPPPHOVERS(35151525P»251912Z0PsR>»1)/

aksXsXakala

'a¥a¥aNaXa¥all

3% ﬁ ochS(s,l,1,zsp,2,1,1,zoP,Ros,1),Go TO 1

41 44=VSS 3G0 TO 1

42 d4d4=VSP 360 TO 1°

43 4H==VPS 3GO TO 1

44 44=VPPS 360 TO 1

45 {H=VPPP ;G0 TO 1

B CEE R

50 CONTINUE

IF(LCI+EQe0sAND LCJ £Q.0) GO TO 51

IF(LCI.EQe0+ANDWLCJaEQ.1) GO TO 52
IF(LCI.EQelsANDeLCJSEQ.0) GO TO 53
IF(MCI.EQs0) GO TO 54
[F(MCI.EQ.1) GO TO 55

5TOP 00011
51 AH=VSSit DVERO(Z’O’O?ZQS)S’O)O:ZSS’RQl)/'
3  OVERS5(29020520533505022555R0551)3G60 TO 1 : ‘
59 AH=VPS*OVERS(25020520553515035ZSP>Rs1)/ - s
3¢ DVERS(Qs0)0310573:170)ZSP3R0571)360 T0 1 - .
53 {4==VSPHOVERS(25150520P353205052Z552R»1)/

3 OVERS(2213505Z0P>»3202052552R0551)3G0 70 1
54 44=VPPSH#OVERS(221»0220P9321502ZSPsR»1)/

3 OVERS(23130220P+35120925P2R0S»1)360 TO 1
55 {H=VPPPHOVZRS(231391920P»321519Z35P2R»1)/

3 OVERS(29191520P> 3,191315P5R05s1)760 70 1

51 4H=vss,,eo TO 1
52 {4=VPS 3GO0 TO 1
53 4H=-VSP ;G0 TO 1
54 {H=VPP3 3G0 TO 1
55 J4H=VPPP 3GJ TO 1
------ Q=0=mmmmmm A
60 ZONTINUE
[F(LCIEQe0aANDJLCJ2ERLD) 60 TO c1
IF(LCI EQe0sAND LCJeEQLL) GO TO 62
TF(LCI eEGelo ANDWLCJeEQ.D) GO TO 63
'jF(NCI.t@ «0) GO TO 0*'.n,nu o a .
) A/é/ TR

an
o




1012600
1012700
2012800
1012900
1013000
013100
1013200
1013300
1013400
1013500
(013600
1013700
1013900

012500

aONNONN

- - — -

TTIF(NCTLEQLLY GG TO 65

35TOP 0012

iH4=USS 3G0 1O 1

1H=USP ;G0 TO 1

iH==UPS 5G] TO 1

AH=UPPS 3GJ 7O 1

iH=UPPP ;G2 TO 1
“SILICON======

CANT INUE

IF(A&S(R) LT«0. Ol) G0 TO 220
[FCABS(R)«GTW+5s) GO TO 210
-1ST NEAREAT===wm==
CONTINUE

EXPBR=EXP (33 (2, 35-;;29“N>>

3=8
(FLCI.EQ0.AND.LCJoER,D) GO TO 201
[F(LCI.EQs0sAND,LCJ4EQ41) GO TO 202
[F(LCIVEQe14ANDWLCJ4EQL0) GO TO 203
[F(MC1.EQ.D) GJ TO 204

IF(HCI.EQ.1) GO TU 205

3TOP 0008

{H=EXPBR#SYSS ;G0 TO 1
{H=EXPBR3SVSP 3G TO 1

A4=EXPaR% (-SVPS) 3G0 TO 1
{1=EXP3R%SVPPS 3G0 Ta 1
{H=EXP3R%SVPPP 3G0 TO 1

AH=SVSES/02393%0VERS(35050925523505022555R»1)3G0 TO 1

Ad=5SVSP/(~0.358)#0VERS(35050525593515052SP>R21)3G0 TO 1.
1H==5SVPS/(0¢358)%#0VERS(35150525P»35050525S55R21)3G0 TO 1

AH=SVPPS/(~0.378)%0VERS(3219052SP2351205Z5PsR>»1)3G0 TO 1 ==

1H= SVPPP/Oo189hDVERQ(39191?25P:3$1’1’25P$R’1),GD T0O 1
«2ND NEAREST-=---- ;
ZONTINUE

TF(LCI o EQq0eANDeLCIwEQ0) 60 TO 211

[F(LCI.EQe0+ANDaLCJUeERW1) GO TO 212
IF(LCI.EQe1l+AND,LCJ+ZQ40) GO 10 213

IF(MCl.EQ.Q) GO TO 214

211

- 212

anoOnn

213

214
215
211
212
213
214
215
220

221
222

101

[F(MCI+EQs1) GO TO 215

35TOP- 0009

AH=SUS5 5Gd TO 1

14=SUSP G0 7O 1

1H==3UPS 360 TJO 1 .

{H=SUPPS G0 TO 1

1H=SUPPP 3G0 TO 1

H4r1=5USS/0+ 320hDVER5(33030:ZSS’5:0’OaZSSava):GU TD 1

AH=SUSP/ (=04059 ) #UVERS(35050225535391:0:25P3R21)35G0 TO 1

AH==SUPS/(0¢059)#0OVERS(35150525P235050s2SS5R»1)5G0 7O 1
AA=SUPPS/(=0.111)%0VERS(39150225P93515052SP2Rs1)5G0 TO 1
1H=SUPPP/0.020%0VERS(35191525P3351319Z5P»Rs1)3G0 TO 1
[F(LCI«EQeD) GO TO 221

[F(LCT.EQel) GO TO 222

STOP 0013

AH=SESS G0 TO 1

AA=SESP G0 TO 1

CONTINUE

NRITE(65101) HH

FORMAT (' HH='2F10.3)

RETURN SEND

SUBROUTINE INTGRL
”DF1DN/ARRAYS/S(40:4O)aY(9,5,203):Z(17945)
COMMON/NATOMS/ NATUMS»NsNK

COMMONZINFD/Z ANC40)»n0OUT

MOMMDW/INFDI/CZ(4O)5J(80)’ULIM(40)9LLI|(40)3ULK3ULL9ANL’AVK

ZOMMON/GAB/T(929)3PAIRS(929) s TEMP(929)5C1(3)sC2(3)

CIOMMON/AUXINT/ZA(L7)93(17)

LO“MUJ/VOIP/ VOIP(Q’lO)aAZETA(Q 10)!CUVST:DMI!UMZ’VP(@’IO)’




ZOMMON /PUJ/PGD(3?10):BL:AU?TH?PAI’R23R3
COMMON /NC/NC(lB)’LC(lO)aVC(lO)

COMMON /NAN/NAN(40)

JIMENSION P(80,80)

JIMENSION E(3)>Q(40)

ZQUIVALENCE (P(L1)2Y(1))

INTEGER AN,ULIMsULKsJULLSsCZsUsANLANK

C JEBUGsSUBCHK '
Comm—- JFTEHMINATION OF SI1Zg OF AU BASIS IN AND CGRE CHARGE CZ
» ZALL MAKEDN(153)
=0

)3 60 I=1»NATOMS
LLI%(I) = N+1
<=1 _
[FCANCI)«EQ-0) GU TO 10
IF CANCI)«LTL11) GO TO 20
10 {=N+4 -
ZZCIY=AN(CI)~ 10
30 TO 30
20 IF (ANCI)»LT.3) GO TO 40
30 {=NhN+4 :
JZ(1) = AN(I)=2
3 Tos0 o o . | :
49 =N+1 : : - -
CZ(I)y= AN(1)
50 CONTINUE
JLIM(I) = N
. 60 ZONTINUE S : :
C-A~é-~SbIGNMENT OF ANGULAR MJMENTUH QUANTUW NDS; TO ATOMIC DRBLTALS,‘
B LC(1)=0 | . | R o
LC(2)=1
LC(3)=1
1C4)=1
LC(5)=2
LC(6)=2
LC(7)=2
LC(8)=2
LC(9)=2
“A4C(1)=0
1C(2)=1"
, 1C(3)-~l
4C(4)=0
1C(5)=)
1C(6)=1
A1C(7)==1
C4C(8)=2
AC(9)==-2 ' ‘ . <
o FILL U ARRAY--=U(J) IDENTIFIES THE ATOM TO WHICH ORBITAL J IS
Cmmmmn ATTACHED E+G. ORBITAL 32 ATTACHED TO ATOM 7> ETCs |
C---=-=-ASSIGNMENT UF ORBITAL EXPUNE\TS TO ATOHS BY SLATERS RULES
‘ JC(8)=2 ;NC(1l4)=3 ‘
)0 92 K=1sHATOMS
LLK=LLIM(K)
JLK=ULTM(K)
ANK=ANTK)
NIRBK=ULK=-LLK+1
,JD 92 1=19sNDRBK
LLKP=LLK+I-1
LCZcTA LC(I)+1 .
O A(LLKP) = AZETA(LCZETA:K)
CACLLKP)=Q(LLKP) ‘
J(LLKP)=K
92 CONTINUE |
Cmmmmm STEP THRU PAIRS ‘OF ATOMS R A
' )0 320 & lyNATDWD , , o
L ﬂﬁwJ I 157-




0073207 L=K5NATOHS
JO 100 I=153
- Z1(I)=POS(1sK)

100 J2(¢I1)=P0OS(IsL) -

————— CALCULATE UNIT VECTOR ALONG INKTERATOM AXIS;E
CALL RELVEC(R»E»Cl»C2)
THD=(1804=TH) /24
CRD=(243%COS(THD®PAI/1804)+0,1)3BL/AU
[F(KsEQe1eANDsLsEQs6) GI TO 101
[F(KeEQeBeANDeLERe10) GO TO 101
[F(R«GT.CRD) GJ TU 320

1901 ZJONTINUE .

LLK = LLINM(K)
LLL = LLIMCL)
JLK = JLIN(K)
JLL = ULIM(L) -

1IRBK=ULK-LLK+1
{JRBL=ULL-LLL*+1

ANK=AN(K)
VILEAN(LY |
IF (ANKsEQe0,ORWANL+EQ+0) GO TO 150
Cmmmm- LOOP THRU PAIRS OF BASIS FUNCTIONSs ONE ON EACH ATOM

)3 200 I=1,NORBK A !
JO 200 J=1,nN0ORBL : : o
© IF(K.EB.L) GO TO 160
110 IF(MCCI) W NEWMC(J)) GO TO 150
120 JF(MC(I)«LT+0) GO TO 140
LLKP=LLK+I=-1 sLLLP=LLL+J-1 ' L : N
130 APAIRS(Jad)= SART((Q(LLKP)#R)#% (2¥NC(ANK) +1 )% (G (LLLP) % (R 3 (23NC(
1)+1)/(FACT(2%NC(ANK) I #FACT (2%NC(ANL) ) ) )% (-1, DO)nn(LC(J)+MC(J))
2:4SSINCCANK)Y sLCCI)aMC(I)aNC(ANL) »LC(J)2Q(LLKP)? R’Q(LLLP) tRY
130 PAIRS(I1»J)= HH(ANKsLC(I):MC(I)7ARL9LC(J):R’NAN(K) NAN(L))
‘ 0 TO 1990 '
140 PAIRS(I»J)= PAIRS(I l)J l)
3103 TO 1990 R
150 PAIRS(I9J)=0,000
.30 TO 190
2150 IF (l1.EQ,J) GO TO 170
180 RAIRS(1sJ)=0. ODO
30 TO 190 :
170 PAIRS(IsJ)=1.0D0
170 IF(MC(I)LLT.0) GO TO 171 ' . o .
A PATRS(12J)= HH(ANK:LC(I): C(I)’ANL’LC(J)’RﬂNAN(K)aNAN(L))
33 TO 190 , ‘
171 2AIRS(IlsJ)= PAIRS(If13J~1)
190 ZONTINUE .
200 CZANTINUE
LCULK=LC(NORBK)
LCULL=LC(NIORBL)
- AAXL=MAXO0 (LCULKsLCULL)
IF(ReGTe0s 00000100) GO TO' 220
210 30 To 250 - '
Cammmm RTATE INTEGRALS FROM DIATOPIC BASIS TO MOLECULAR BASIS
220 ZALL HARMTR(TsMAXLsE) .
JJ 230 +1=1,NORBK
20 230 J=1,NORBL
TEMP(IsJd) = 0.D0
20 230 KK=1,NORBL
' TEMP(I»J) = TENP(I’J)+T(J!KK)APAIRS(I’KK)
230 CIONTINUE
: J0 240 I= 1,NUR6K
)] 240 J=1,N0ORBL
~ PAIRS(IsJ) = 0.00
1) 240 KK=1»NOR#K : '
: ’\IRS(IsJ) = PAIQS(I:J)+T(IaKK)kTE P

( B

G




135100
135200
035300

260
320

330

3t

100

. oy -

P

- o g -

- —

21

T CONTINUE

FILL S MATRIX
CONTINUE
JO 260 I=1,N0ORBK
LLKP=LLK+I-1
)0 260 J=1,NORBL
LLLP=LLL+J~1
SCLLKPsLLLP)=PAIRS(IsJ)
CONTINUE
ZONTINUE
RETURN
ZMND
AROGRAM GEE
IMPLICIT COMPLEX (Gavsl)
COMMON/ARRAYS/S(40240)2Y(9, 57203)9AZ(17:45)
ZJOMMON /PUQ/PDD(B:lU)98L:AU7TH’PAI5R27h3
~DMMDN /H/H(40540) '
JIMENSTON GLCC(léwlé)’GSCCMl(16$lb)sVCtD01(16916)9
. ZP(16516)sZ8(16916)91TL(L16)»1T2(16)
JIMENSION GST(16216215)
YIMENSION 3555M1(424)>GEBBML(L16516)5G000(424)
.‘GDDOﬂl(434)7VUSD(4:4)3VBXD(10:8):GXSS(4:4),
GXDO(424)2GXS0(424)5GA0S(434) 3GXXX(898) )
SXXXML(8s8)9GPBB(16516)3GPXX(858)y
cPdX(lésB):GPXD(B,lO)’ZWQ(Q)aZhB(B)&ZNlé(lb)s
1P4(4)s1P8(8)sIP16(16)9GSSSK(424)
DIMENSION GOUT(434920) :
JATA ITl/1, 4923311)’14;15:16,5,037:8:9910:ll:12/:
1T2/1335422995105119125135149155169556> 738/
JATA AU/ . 529167/:PAI/3 141592/JBL/1 61/
)cBUG:SUBCiK
!rAD(Zl) (((GOUT(I}J:K)’I =124)0J= 174)’K laNN)
READ(5.100) EIsDE :tF:DtLTA:EPSG :
FORMAT(5F10.0) o
"I“'Sos 3EF=-3. 6 iEPSG=0q05
ZALL SETSH ’ T
‘ALL RARITE(Hs "H' 194094058)
CALL RWRITE(Ss'S ‘340;40:8)
“RESET GLCC===mm=m—mmm=—= ' :
JJ 10 J=1116 '
JO 10 [=1916
LCC(I9d)=0e
Z=El~-041 3WUME=D
~CHANGE ENERQY===~=~
JE=0e1 3DELTA=0.04 3NUME= NUME+1
[F(EosGEs=64019ANDeEsLTa=4.01) DE=0,05
Z=E+DE ‘
IF(EQGT"SQQQ’ANDQEOLTQ_BFQQ) DELTA=0.02
IF(E«GT+EF+0,1%DE)Y STUP 0001
ZE=CMPLX(EsDELTA)
4=0
Il\l 0 ’IS\’ 0
-CALCULATE GSCCM1 & VyCEDOl-=-=-~-
0 11 J=1s216 .
J3 11 [=1»116 ;
GSCCHML(1sJ)=2E% S(I:J) -H(1sJ) ‘
VCEDOL(I ) =sH(TaJ+16)=ZExS(1yJ+106)
- TERATION FOR GLCC(E) ====m=m= ‘
{=N+1
JJ 20 J=1s16
JJ 20 J=1916
2P (J31)=0e
J0 21 K=1»16 »
)0 21 L=1»15 ' , |
7P(Js1)'ZP(J91)+VCthl(J3K) GLCC(K:L) ¢VCEDOL1(I»T)

_AHﬁffféf ﬁf"ww 737.

PES




20 2P(I N =z2P (5 1) T
JJ 22 I=1,16 -

0 22 J=]1sl6

2A(Jds 1) = GSCCMI(JaI)‘ZP(JyI) ZPCITI(U)Y 5 ITIC(1) ) - ZP(ITZ(J)3IT2(I)
22 ’J(I,J)—ZQ(J:I)

CZALL INVS(ZQ)

Commmm—m CONVERGENCE CHECK=-=m~===~=
C1l=ABS(GLCC(121)~2Q(121))/(ABS(ZG(151))+0001)
C2=ABS(GLCC(222)-2G(222))/(ABS(ZG(23:2))+0001)
23=ABS(GLCC(555)=-20(555))/(ABS(ZG(535))+0+001)
C4=ABS(GLCC(696)=20(626))/(ABS(ZG(626))+0.001)
ZPSC=C1+C2+C3+C4
J3 30 I=1»16
)3 30 J=1s16

GLCC(Js»I)=28¢(¢J>»1)

30 GLCC(IsJ)=2Q¢Js1)

IF(EPSCeGT.EPSG) GO TO 3 :
Commm—— WRITE ON FILE========- ‘ {
C CALL CWRITE(GLCCs»'GLCC '51651698) :
JQITC(ZO) GLCC(1s1) :6LCC(2:2):QLCC(132)aGLCC(ZaB)

s ((GLCC(IsJ)21=528)2J=5:8)
y ((GLCC(IasJ)al=z=124)2J=5+8)
9 ((GLCC(I2J)921=598)9J=9512)

dQITE(é:lOZ) N;NUME:L:EPSC;GLCC(lal)abLCC(ZsZ):CLCC(S:S):GLCC(é

JJ 303 J=1,

30 303 I=1, 4 ,

303 3SSSK(IlsJ)= uOUT(IaJ:mUNt) .

. CALL CWRITE(GSSSK'"G555K's454394) .

------ MAKE GSSSM1 »GBEBMls GOUO, GOOUML==m=omm—— .

20 300 J=1,4 . R - T
32 300 =154 : . D o
300 SSVI(IyJ) GSSSK(Is»J) o
'MALL "CINV(GSSSH194305494,51,D- l4;ZDETaZw4 IP4>NSTDP)
CALL CWRITE(GSSSM1»'G SSSW1'74s4a4)
“)0 301 J=1»s16 ,

U e d
r 2K 2K

.00 301 I=1,16 o
201 33BBM1(IsJ)= GLCC(I3J) o ‘
CALL CINV(GBBBMlsléaO’lé’lb’l D- 14’ZDET’2416:1P16’N5TOP)
CALL CNRITE(QBBBMls'GBBGMl"16;16’8)
00 302 J=1ls4 ;
JD 302 I=1-4
. 3000M1IC(T 9 J)=ZES(1+32sJ+32)~ H(I+32)J+32)
302 3300(¢I1»J)=G000M1CIsd)
ZALL CINV(GODO430945451.0- l4s£DETaZW49IP49NSTUP)
CALL CWRITE(GOOOs'GO00 's45494)
CALL CWRITE(GOOOM1 s 'GOOOMLIYs494494)
------ AAKE VOSD AND VSXDmm===m | )
JO 310 J=1.4
J0 310 I=1s4
310 /OSD(I:J)-H(I+3Z:J+30) &EAS(I+32’J+36)
JJ) 311 J=1,8 .
JO 311 I=1,16
311 VBXD(IsJd)y=H(I>»J+32)~ Z #S5(1+J+32)
CCALL CWRITE(VOSD»'VOSD '245454)
<ALL CWRITE(VBXDs>'VBXD '53162858)
------ CALCULATE GXSS »GX0D» GXS0» GXOS==-===-
JO 320 J=1.4 '
) 320 I=z1:4 o ‘
JX35(19J)~FS5SM1(I’J) 3GX00(T9J)=GOO0M1IC(Id)
- 00 320 K=114 . -
30 320 L=1,4 ‘
i 3X00(12J)=5X00C¢] sJ)=vOSDCI 2L ) %GSSSK(LsK)#VOSD(J9K)
320 3XSS(IsJ)=GXSS([sJ)=VvOSD(L>1)#GOUD(LIK)RVOSD(KsJ)
ZALL CINV(GXSS2430942491eD~-1427ZDET2ZW4 9 IP4sNSTOP)
CALL CINV(GX00s4505494914D- 14?ZDET72W4’IP4?N5TDP)
CALL CWRIT:(UXSD:'GXSS AEL Y 4,4)

Tarsee T 180




322
330
331
340
H148500
1048600
M8700
341
C
1049900 342
j%OOOO C
050100 C
1050200
1050 3%
343
3
102
C _____
46
43

41

T CALU CWRTTE(GX005 'GXOO "s4s434)

)] 322 J=1ls4

)] 322 1=1s4 '

IXS0(I9J)=0es 3GX0S(I5J)=00

)0 322 K=1,y4 )

)] 322 L=1s4

3XS0(1sJ)=GXAS0(1J)+G S5SSK(IsL)#VUSD(KaL)¥GX0O(KsJ)
IX0S(1sJ)=GX0S(19J)+3000(¢IsL)#VOSD(LIK)H#GXSS(Kad)
=-MAKE GXXX AND GXAAML ——————

)] 330 J=114 .

JJ 330 I=154

IXXX(12J)Y=GX00(Isd)

IXAX(T+49J+44)=GXS55(1»d)

IXXX (]9 J+4)=GXAS(12J)

IXXX(I+49J)=GXS0O(19J)

JD 331 J=1,8

JJ 331 I=1,8

IXXXML(1sJ)=GXXX (1)

ZALL CINV(GXXXM1385058+851.0- 149ZDETs2Zw8s [PB8INSTOP)
SALL CHRITZ(GXXXs'GAXX '385858)

CALL CWRITE(GXXAML 'GXXAML'285898)

-CALCULATE GPB3s GPXXs» GPBXs» GPXB-~—----

JO 340 J=1,16 ’

D 340 I=1,16

PBB(1+J)=GBBBMLI(I»J)

JO 340 K=1,8

JJ 340 L=1,3 : '
JPBB(IaJ)'UPﬁB(I:J)"VBXU(I)L) tGXXX(LoK)#VBXD(J9K)

SALL CINV(qPBByLbaO 1621691.D~ l4:ZDnT9ZNlé;IP169VSTOP)"“

)0 341 J=1,8
JJ 341 I=1,8

anx<1,J> =GXXXML(17J)

"341 K=1»16

 )3 341 L=1,16

IPXX(I2J)=GPXX(1sJ) - VdXD(LaI) (GLCC (LK) #VBXD(Kad)
ZALL CINV(GPXX2830582891e0~ 14320ET9ZN8:IP8:NSTDP)
LALL CWRITE(GPBB,'GPBD '21651698) '
ZALL CNKITE(GPX(a’GPKX 158+858)
2] 342 J=1,8 SR
00 342 I=1,16 . :
SPBX(I’J)=O.VSGPXB(J’I)=0-
JJ 342 K=1,8 o '
JD 342 L=1s16 ’ ' ' v
IPBX(Isd)= GPBX(I’J)+JLCC(I:L) VBXD (LK) #GPXX(KsJ)
JPXB(JsI) GPXB(Js [ ) +3XXX(JsKI¥VBXD (LK) % %GPBB(Ls1)
CALL CWRITE(GPBX»2'GP3X '31638’8)
ZALL CWRITE(GPXBs>'GPXB '98,16128)
ARITE(6352343) (GX00(1s1)sl= 194)2(GXSS(Is1)asl=194)>
(GPRB(1s1)s1=1216)s(GPXX(1s1)s1=128)

FORMAT (' GX0Q045>3X554>» GPBBléaGPkX&“aS(/lH 28F10+3))

30 70 U

CONTINUE

FORMAT(L1H 72139F7 23FBe338F7+3512)

<AVERAGING===-=~~

AG2=AIMAG(GLCC(1a1)) '

[F(E«LTe~10+) AG2= AlMAb(GLCC(é 6)) A
CIF(N.LT3) GO TO 40 .

30 TO 46 '

[F(CAG2~- AGl)%(AGl'AGO)aGT-Oo)‘GO T0 41

[F(INaGE.14) GO TO 44

30 TO(43s44) »ISW .

[SW=]SW+1 -

[F(ISW.EQ.0) GO TO 40

[N=IN+1

0 45 I=1s16

2245 J=1b16 "’f, Sl R

7T AR U




52100 45 3ST(JsI»IN)Y=GLCC(J- 1)

52200 30 TO 40 ,

52300 44 )0 47 I=1s16

52400 JD 47 J=1916

52500 GLCC(Js1)=0

52600 10 48 K=1sIN

52700 48 GLCC(Ja1)=GLCC(Js [ )+G3T(Js 1K)

52800 GLCC(Js1)=GLCC(JsI)/IN

: 47 GLCC(IsJ)=GLCC(J51)

3000 . ISW=0 3IN=0
‘ 40 AGO=AGl ;AGl=AG2
1053200 50 To 2
@%)JOO =ND
1053400 ~ 3UBROUTINE SETSH
0053500 kJMNUN/A?RAYS/D(40’40):Y(9953205)!Z(17§45)
1053600 ZOMMON/NATOMS/ KATOMSsNsNK
1053700 DMMDN/I“FD/ AN (40)»40UT '
1053600 : QMMON/INFOL/CZ(40) U (80 sULIM(4G) sLLIM(40) sULKsULL s ANL s ANK
1053900 JVMON /CGV/CSSSS:CbbSX,CSSXX’CUUSS3CUOSXSCUDXX!CSS&CSX,CXS CXX
1054000 , INTEGER AN>ULIM>ULKsULLCZsUsANLsANK o
1054100 CD?MOV/VOIP/ VUIP(+910)3AZCTA(4910)aCDNST:DMl)U12’VP(4510):
0054200 3 AZP(4510) '
1054300 COMMON /PDS/POo(j:lU)aBL»AU’ThaPAIyRE’RS
1054400 udVNON /H/H(40940) :
1054500 COMMON /NC/NC(18)sLC(10)»MC(10)
1054600 ZOMMON /NANZAAN(40)
1054700 )IMENSIDN thC(ﬁ)sPubO(5a4):POSl(3:4)’ROTQ(4s434)7ROT1(4:4’4)’-

1054800 . # ROT(40540)55D(40540)sHD(40540)
, JATA AN/1458383821428>» 87898914/’NATDM5/10/
S JATA \AN/Z,191:1’131:151’334/ S
 DEBUG»SUBCHK ' | -
READ(5514) VOIP(l:l):VDIP(Z:l)’VUIP(l’Q)’VOIP(2’4)
hdRMAT(4FlO 0)
. READ(5514) AZETA(l;l)$AZETA(231)7AZETA(1 4):AZETA(2’4)
" READ(555)- CSSSSsCSSSX?CSSKX7CUUSS:CUOSX&CUOXX : .
FORMAT(3F10.0) ; . o
~ READ(5+8) CSS’CSX?CXS,CXX
FIRMAT(4F10.0) '
CALL COEFFT
- ARITE(6215) VUIP(lal)’VDIP(Z,l):VOIP(l:4):VDIP(2y4)
FORMAT (' VOIP='54F10.3)
JRITE(6316) AZETA(L» l):AZETA(2,1)3AZETA(1’4)’AZETA(2,4)
FORMAT(' AZETA='24F10.3)
IRITE(627) CSSDS:CSSSK9CSSXX?CUDbbaCOObXaCQUXX
FORMAT (! CSJDS:CJSSXaCSSXX;CUOSS:CDDSX’CDUXX"’6F10 3)
RITE(6913) CS59CSX»CXSH»CXX
FORMAT (' CSS»CSXrCXSsCXX="94F1043)
JJ 20 I=1s2 ‘
VOIP(I55)=VOIP(I21) SAZETA(I»5)=AZETA(]»1)
VOIP(I510)=VOIP(I21) SAZETA(I»10)=AZETA(Is1)
JO 21 J=293 )
. VOIP(Isd)= VDIP(I?Q) SAZETACL»J)=AZETACI»4)
- CONTINUE : :
0 22 J=619 ‘ ’
VOIP(IsJ)= VUIP(Is4) SAZETA(IyJ)=AZETACI»4)
CONTINUE ‘ ‘ :
CONTINUE -
-«CALCULATE POSITIONS FOR GRUUP Qu=mm——-
TVEC(1)=0e 3TVEC(2)=00 3TVEC(3)=00
CALL PUSROT(O»’O.!O-;BL’AU’TVEC’P0509RDT0),
20 30 I=1-3 .
)0 30 J=194"
‘ POS(I5J)=PIS0Q(IsJ) o -
----- CALCULATE PUSITIONS FUR GROUP l-"-'---
: 2EAD(5 32) TH ‘ '
JRIAT(FlO 0)

Ar-ey wl(;g |




A\LPHA=199.47~ TH :ALPHAR ALPHAvPAI/lBO-
TVEC(Ll)=(» 9428+CUS(ALPHAR)) tBL/AU
TVEC(2)=0e

TVEC(3)=(. 3333+oIN(ALPHAR)) BL/AU
RY=19647-(128:94-TH)

CALL POSROT(OosRY’O-:BLsAU TVECsPOS1sROT1)
JO 33 1=1-3

) 33 J=1s4
33 P23S(1sJ+4)=P0S1(1sd)

------ CALCULATE POSITIONS FOR OX=w=mmw=~-
AN0S5(199)=0. 3P0S(229)=0e 3P0S(359)==-BL/AU
205(1510)=0. 3P0DS(2510)=0s 3P0S(3210)=-2%BL/AU
JRITE(691001) ((POS(I2J)sJd=1210)51=153)

1001 FIRMAT(L0F94+3) ’ ‘

ZALL INTGRL
0 J)J 35 J=1940
JO 35 [=1240
N 1(120)=3(1>J)
35 J(I’J) 00
J0 36 =140
36 3(Is])=1,

~wmmma=CALCULATION OF H MATRIX========
J0 408 K=1,NATOMS
J0 408 L=KsNATOMS

LLK=LLIM(K)
LLL=LLIMCL)
ULK=ULIM(K)
ULL=ULIM(L)
NORBK=ULK=LLK+1
NORSL=ULL=-LLL+1
DO 409 I=13NORBK
DD 409 J=1sNORBL
CLLKP=LLK+I-1
CLLLP=LLL+J-1
LCI=LC(I)+1
LCJ=LC(J)+1 '
IF(LLKP.EQeLLLP) GO TO 410 ‘

- LLKPU= U(LLKP) ,LLLPU U(LLLP)
IF(AN(LLKPU) EQoelds ANDANCLLLPU) «EQ. 14) GO TD 411
IF(AN(LLKPU) EQe8 «ANDS AN(LLLPU) EQ.8 ) GO TO 412
) IF(LCl+EQelsAND+LCJ.EQW1l) GO TO 416 :

IF(LCI+GE«2+ANDaLCJe GE.2) GO TO 417
IFCCANCLLKPU) sEQe144ANDelL.CIeEQel)eORe N
K] (AN(LLLPU)+EQsl4. AND.LCJ.EQs1)) GO TO 418
» CONST=CXS G0 TO 413
418 CONST=CSX »G0 TO 413
416 CONST=CSS G0 T0O 413
417 CONST=CXX 3G0O T0O 413
411 IF(LCI+EQs1+ANDLCJEQ.1) GO TO 422
IF(LCI,GE«2+ANDWLCJ+GES2) GO TO 423
CONST=CSSSX G0 TO 413

422 CONST=CSSSS ;G0 71O 413
423 CONST=CSSXX 5GO0 TO 413
412 IF(LC]+EQel+ANDJLCJ#EQ,1) GO TO 420
" IF(LCI+GEs2eANDWLCJeGEL2) GO TO 421

| CONST=CUO0SX ;G0 TO 413
420 CONST=C00SS ;G0 70O 413
421 - CONST=CO0XX GO 70 413 ‘
413 CONTINUE _ :

H(LLKP:LLLP) “S(LLKP:LLLP)*(VUIP(LCI’K)+VOIP(LCJvL))¥
3* e CDNST/Z. _ .
30 TO 409 : ‘

410 4(LLKP’LLKP)=-VDIP(LCIaK)
409 CONTINUE
408 CONTINUE

————— ROTATION TO DESIRED ATOMIC BASIS ----- -- S
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55300 13 161 J=1540
65400 )0 161 I=1+40
65500 161 R0OT(IsJ)=0,

65600 JO 162 J=1y4

65700 ROT(J+325,J+32)=1s

65800 J) 162 1=1y4

65900 ROT(15>J)=ROTO(Isd>1)

56000 ROT(I+4sJ+4)=ROTO(I>J22)

66100 _ ROT(I+8sJ+8)=RUTO(IsJs3)

66200 ROT(I+12,J+12)=Kk0T0(I>J>4)

56300 . - ROT(1+163J+16)=ROTL1(Isd>s1)

66400 ROT(I+205,J+20)=ROTL(1sJ»2)

1166500 ROT(I+24,5J+24)=R0T1(11J93)

66600 162 ROT(1+285J+28)=RCT1(1sJ>4) '

1066700 TVEC(1)=0+ sTVEC(2)=00 :TVtC(3)=-2 tBL/AU-

0066800 CALL POSROT(Q0es180e2043BL>AUSTVECS>POS0>ROTO)

1066900 3 166 J=1s4

1067000 )3 166 1=154

1067100 1566 QJT(I+36:J+36) ROTO(I:J,I)

1067200 )0 163 I=1540

1067300 )3 163 J=1349Q

67400 S(Js1)¥=5(1,J)

067500 153 H(Jsl)=H(]sJ) v ?

0067600 ZALL RWRITE(Hs'H '34054048)

067700 CALL RWRITE(S»'S '540540-8)

6067800 CALL RWRITE(ROT»>'ROT .'540,4058)

:%7900 )] 164 J=19490
JO 164 1=11540
: SD(IsJd)= 0-')HD(IaJ)=O.

-0 164 K=1540
SD(1sJd)= SD(I?J)*S(I:K)*RUT(KaJ)
164 HD(I’J) HD(I:J)+H(I’K)?ROT(K’J)
)D 165 J=1,40
)O 165 1=1140 -
S(I+J)=0. ,H(I’J) 0’
o )O 165 K=1540 : '
o S(IsJ)=S(1sJ)+ROT(K>1)%5D(KsJ)
165 H(I2J)=H(LsJ)+ROT(Ks1)3#HD(KsJ)
- RETURN YEND -
SUBRQUTINE POSROT(RX’RY’RZ)BLQAU’TVEC!PUS’RUT)
)IMENSIDN TVEC(B)’PUJ(3:4),ROT(4a4>4)$HW(3’4)9PM(333 3)’

%9400 ' 3# T(434)sTD(454)

069500 JATA HM/OQ’Oo5"10’09428’-0"33333

*%9600 : -47143-8165,-35337"a47l4?"-81655.335)/:

PM/ 9428’00,935333-07103103‘0333§300309428, o
0+7l4798165!05333)‘08660"-5$00!11667"02887)~94289
-47149~.6165’-53339.86603--5:.03.1667vo28873.9428/

C JEBUG» SUBCHK i
- 2Al=3. 141592 : .
- X=RX%PAl/180. sY=RY®PAI/Z180. 3Z2=RZ%PAI1/180.

30 50 I=193 :

alake

B \Fc s
P X G (G 44

10 50 J=19+4
50 22S(1sJ)=BL#HM(TsJ)/AU
335(3’1) 0.
JO 51 1=1s4
51 RIT(1sls1)=.5
)0 52 12244
ROT(lals1)=10
33 52 J=2s4%
CROT(1sJs1)=0.,
52  ROT{J2191)=0s
’ JO 53 =193
J2 53 J=1la4
53 ROT(I+13J> l)‘HW(I’J)n.Bébor
~ )2 54 K=1»3 .
~p71s00 D 54 J= 123
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1074700
1074800

175400

075600
1175700
75800

0175500 c-

-y n -

-y ——

12

13

14

15

22

23

24

25

33754715153

ROTCI+1aJ+19K+1)=PM(I2J5K)
[F(XeEQeDe) GO TO 20
==X AXIS ROTATION====~- -
JJ 11 J=1s4
J) 11 I=1+4
T(lsJ)=0,
T(la2l)=1, 3T(252)=1e
SX=SINEX) 3CX=C0S5(X)
[(353)=CX 3T(354)==-5X
T(493)=5X 3T(494)=CX
D 12 J=194
JA 12 I=1s4
TD(IsJ)=0.
)] 12 K=1s4 .
TO(I 2 J)=TD(IsJ)+T(1»K)¥RAT(KsJs1)
JJ 13 Jsls4
) 13 I=1s4
ROT(IsJdsl)=TD(12J)
)JJ 15 L=2s24
JO 14 J=194
JO 14 I=1s4
TO(I»J)=0.
D0 14 K=194
TOCTad)=TD(IJ)+T(I»K)%ROT(KadsL)
JO 15 J=1s4

3O 15 I=194

RWOTCIadsL) = TD(I’J)

JO 16 J=1»24

0 16 I=1-3
TD(IsJ)=0s

20 16 K=153 : :
TD1s»Jd) = TD(I:J)*T(I+13K+l) PDS(K’J)

"0 17 J=1s4
30 17 I=113

20S(1>J)=TD(1sJ) :
=Y AXIS ROTATION===-==-~-~
IF(Y.EQe0+) GO TO 30

)0 21 JE1s4

20 21 I=114

T(IsJ)=0,

T(leo1)=1, 35T(393)=1e
3Y=SINCY) 5CY=COS(Y)
[(2s2)=CY 3T(2s4)=SY
T(422)==SY 3T(424)=CY
20 22 J=1s4 '
)2 22 1=1+4
TD(Lsd)=0e
)0 22 K=1»4
TD(IsJd)=TO(I s ) +T(IsK)#ROT(KsJr1)
JJ 23 J=1924
)2 23 1=1s4
CROT(I»Js1)=TD(I>J)
J0 25 L=2%4
JO 24 J=19+4
JI 24 =194
TD(I»Jd)=0.
JD 24 K=114
TD(IsJd)= TD(I:J)+T(19K) %OT(K,JaL)
JO 25 J=19s4 ,
)3 25 I=114.
ROTCI2JaL)=TD(15J)
J0 26 J=1s%4
10 26 =193 .
TD(12J)=0.

)0 26 K123

S e

e




1080

11080900
11081000
11081100

081300
081400
061500
1081600
1061700
0081800
1081900
0082000

—

183000
1083100

-

183700

1083900
1084000

064900

83800

085000

56

©3Z=SIN(Z)

TD(IaJ) TD(I’J)+T(I+1,K
J0 27 J=lo4

JO 27 [=193

PIS(IaJ)= TD(I!J)

IF(Zot@ 0«) GO TO 40
J3 31 J=1s4

JJ 31 1=124
T(IsJ)=0," :
TCls1l)=1s 3T(494)=1e
yCZ=CUS(2)
3T(293)==-352
5T(3»3)=CL

[(292)=CZ
T(352)=5Z

"D 32 J=194

23 32 1=154

32

33

34

081200

35

C 00 356 K=

TD(I»J)=0.
)] 32 K=1s4% .
TD(I:J)—TO(I’J)+T(IJK)nRUT(K>J51)
JO 33 J=1s4
)0 33 1=194
ROT(Isdrl)= TD(I’J)
J0 35 L=2s4
JQ 34 J=1+4
JO 34 =124
TD(I2J)=0o
JO 34 K=11%
TOCLs)=TOD(I ) +T(IsR)¥RAT (Ko ds L)
J0 35 J=1+14 :
JQ 35 [=1s4
RATCIH>J>L)=TD(I )
JO 36 J=1%4 ‘

J0 36 1=1s3

TD(I’J) 09
1923
TD(Isd)= TD(I:J)+T(I+1:K+1)

PDS(K'J)
I 37 J=1s4 M

.20 37 I=1»3

37
40

41

10

21

20

RETURN
.SUBROUTINE INVS (A)

J0 10

30

POS(1s)=TD(IsJ)

)0 41 J=194

JO 41 1=1-3 e
A0S(1»J)=POS(Tad)+TVEC(I) ~
SEND '

COMPLEX Asd

JIMENSION A(léylé)aNUSEQ(lé)
JEBUGs SUBCHK
ZP3L=14E~-10
NN=1sN
NOSEQ(NN)=NN
)0 100 NN=1sN
P=0.

3”516

00 20 I=NNsN

[F(P=-ABS(A(I»1))) 21520520
P= A?S(A(I!l))

I .

CONTINUE

[IF(P-EPSL) 435425

IRITE(6222)

FORMAT(' PIVOT 1S T03 SMALL
W=NOSEQ(IP) | -
QDSEQ(IP) =NOSEQ (NN)
{OSEG(NN) =N

)0 30 J=1sn

W=A(IPsJ)

A(IPsJ)= A(NV’J)
A(NN:J)—" ‘
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40

50

50
190

70
71

30
230

1=A(NN» 1)

JJ 40 J=2sN
A(NNsJ=1)=A(NNsJ)/HW
A(NNsN)=1e/H

JO 50 I=1sN
[F(I-NN) 5135051
1=A(]51)

23 60 J=2sN
A(Tsd=1)=A(IsJ)-WHA(NNsJ-1)
(I aN)Y==WXA(NNIN)
CONTIRNUE

CONTINUE

JO 200 NN=1sN

JO 70 J=NNsi
[FONOSEQ(J)=NN) 70»,71270
ZONTINUE ‘
JOSEQ(J)Y=NISEQ(NN)
JO 80 I=1sN
V=AC(T )
A(TaJ)=ACTaNN)
ACTsRN)Y=W

CONTINUE

RETURN 3END-

JF Al402.S.FORT LIST END

v,uw”v4ﬁygmemm%Ww;.” 16?“ W”
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200H SYMBILIZ LISTING COMPUTER CENTREs UNIVERSITY OF TOKYO DATE 8¢
DATAO JF Al402.S.FORT
0010 =545 -3.6 0ol 0404 005
0020 179, . . |
(100 14495 7.78 29.6 - 1247
0200 1+6344  1.4284 2424560 2,227
0300 «87 1469 2.5 .
0400 2.5 443 640
0500 1,34 261 2.1 249
0600 180
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
DATAOQ JF Al402.5,FORT LIST END




J00H SYMBILIC LISTING  COMPUTER CENTREs UNIVERSITY OF TOKYO DATE &

JF Al402.1.FORT

GEEO
(0100 AROGRAM GEED
00200 [MPLICIT COMPLEX¥8 (GaVsZ)
00300 LDWMON/ARRAYS/D(40740)7Y(9,53203)7AZ(17945)
00400 ZOMMON /POS/P0S(3210)sBLsAUSTHsPAT»R25R3
00500 ZOMMON /H/H(40s540)
00600 JIMENSION GB11(16916)9GB11IMI(16216)sVIAD(1694)3GAAA(Gs4))
00700 ® : GAAAML(424) sGABAA(494)3GAB11(16516)9GABAL(4216)>
00800 3 uABlA(1634)?7N4(4)’ZNlb(lé)9[P4(4)71P16(16)
00900 “DIMENSION GOUT(8:8)
01000 JIMENSION GCCCMl(ZQ!ZO)sGICC(20120)vV2CD(10720)aZWZO(ZO)’
01100 ¥ 1P20(20) .
01200 JIMENSION GD(16516)sRM(130,20)
01300 JATA AU/ .529167/7PA1/3.141592/s8BL71a 61/
01400 : JQITE(ésB) .
01500 8 FORMAT(' INPUT EI:EF’DE’DELTA IN 4F10.0")
01600 El=~11s 3EF=0s 30E=0.,1 3DELTA=0404
01700 JEAD(599) DE1sDEF»DDEIDDELTA
01800 9 FORMAT(4F10.0)
01900 IF(DEI«NEeDe) EI=DEI
(2000 ‘ [FC(DEF«NE+Qs) cF=DEF
1002100 IF(DDE+NE«0QO.) DE=DDE"
0002200 [F(DDELTA«NELQW) UELTA DDLLTA I ~ : : o B
0002300  N=(EF-EI+0,01)/DE SNN=iN+1 ' . ~ T
10002400 - REWIND 22 = : ’ S ' S
1002500 . ISKIP=(EI=(=~ llq)+0 01)/DE
002600 ~IF(ISKIP.EQ.0) GO TO 105
1002700 030 104 1=1515KIP
0002800 ZALL TREAD(GBll)
0002900 104 CONTINUE - v
00032000 103 CONTINUE » o
0003100 - READ(55105) I10UT
1003200 105 FORMAT(I3) . : .
03300 Ce=m==-~ SET UP S AND H==-====-~-
0003400 CALL SHBAB(IANS) . A
1003500 C ~ CALL RWRITE(Hs'H . 1940540510)
10003600 C ZALL RWRITE(S»'S '240940510)
0003700 £2=El~DE NUME=0
0003800 Cmw—m=~ CHANGE ENERGE=====~=-
003900 1 JUME=NUME+1 : : :
1004000 ‘ c=E+DE : : S w
1004100 [F(C«GT+EF+0e lnDE) GO TO 3 - .
1004200 LE=CMPLX(ESDELTA) :
0004300 C======CALL TREAD========
0004400 CALL TREAD(GB11) A
004500 C CALL CNRITE(GBll? G311l '91651698)
1004600 IF(IAN5.EQ,0) GO TO 101
006700 Cr==mm-= MAKE V1AD AND GAAAMl=====
1004800 : 33 10 J=194 '
004900 J0 10 I=1»16
005000 10 VIAD(IsJ)=H(IsJ+16)~ZE#S(IsJ+16)
1005100 . [FI(NUMEEQ.1AND«IQUT+EQe1)
1005200 3% CALL CNRITC(VIAD&'VIAD "16:434)
1005300 © 20 11-J=1s4, : . -
1005400 : 30 11 I=194
005500 11 3AAAMI(IsJ)= ZEﬁb(I+lo:J+16) H(I+16:J+16)
005510 IF(NUMESEQ,1+sANDsIOUTEQsL) .
005520 3t CALL CWRITE(GAAAMLa'GAAAML'»42494)
005600 C - ZALL CNRITE(GAAAWl’ aAAAMl':494’4)‘
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10008500
1008600
1008700
1008800
0008900
009000
0009100
1009200
1009300
1009400

120 ‘
| -CALL CINV(GBllMl:lé:Oaléalé’l D leZDETsZWlé;IPlé’NSTDP)

)3 20 J=124

J) 20 I=114

JAAA(I:J)'QAAAMI(I:J) ‘

CALL CINV(GAAA 450945451 .0- lQ!ZDETaZHQ:IPQ,NSTOP)

CALL CHWRITE(GAAA> 'GAAA '543454)

J3 21 J=11156

JJ) 21 I=1-15%

I31IMI(TsJ)=GBL11(1sJ)

CALL CINV(G311M15165051651651.D- l4aLDET:ZA16sIP167NSTUP)

CALL CWRITE(GB11#M1s'GB1IML1'51651698)

" . - ——

- o -

o .-

50 TO 150

~CALCULATE GABAA AND GABll~=~---
SI-SI-BAOND IN Sly2======
CONTINUE

~1AKE V1AD AND GAAAM1 AND GAAA-=-=-
20 110 J=1,4

JO 110 I=1s16
VIAD(IsJ)=H(I>J+20)=2E%S(1,J+20)

—

JJ 112 J=1,4

CALL CNRITE(VIAD:'VlAD

111

JJ 112 I=5,16
J1IAD(IsJ)=0, '
s169454)
J9 111 J=l,% '
JO 111 I=1,4
GAAA(T2J)=GB11(15J)
GAAAML(IsJ)=GBl1(I»J)

CALL CINV(GAAAML 34305435451 ,0~149ZDET» ZN4aIP49N5TOP) o

SALL CWRITE(GAAAS'GAAA '245494)

CALL CWRITE(GAAAMIs! GAAAMLT 544 s4)

- g

150

~=MAKE GBllMl======-~

J0 120 J=1516
30 120 I=1,16

3311M1I(15J)=GBL1(Isd)

-ALL CWRITE(6811W19'6811M1'916’16’8)
ONTINUE =

'DO 31 J=1s%4

31

)3 31 I=114 '

SABAA(T»J) = GAAAMl(I’J)

J0 31 K=1916 _

JJ 31 L=1:16 o
JABAA(IU) = GABAA(I’J) VlAD(L’I)%bBll(L:K) tVIAD (K J)

CCALL CINV(GABAA»420245451eD=145Z0ET»ZW451P4sNSTOP)

-y -

SALL CWRITE(GABAAS! UABAA'94:4:4)
JO 32 J=1s16

JO 32 1=1916 |
JABll(I:J)‘uBllMl(I:J)

JO 32 K=114

JD 32 L=1s4

3JABl1(I92J)= GABll(IaJ) VlAD(IsL)%GAAA(L’K)thAD(J:K)
SALL INVS(GABIL) :

CALL CWRITE(GAB11s'GAB11l'»1631638)
~CALCULATE GABAl AND GABlA--====
JO 40 J=1916 ‘ :
JO 40 I=194

JABAL1(I9J)=0,

20 40 K=1»16

40

)2 41 L=1s16

JO 40 L=1s4 . g
SABAL(IsJ)= GADAl(I:J)+GAAA(I,L)%V1AD(K’L) {tGABL1(K»sJ)
CALL CNRITE(uAdAls'QAdAl"4;1638) :

20 41 J=1s4

Jd 41 I=1916

JABLAC(TsJ)=0,

10 41 K=1s4




1015300
1015400

0015800
015810
015909
1015910
1016000

1016200
1016300
1016400
1016500

16100

41
C
C__......

472
C
Comm—m
100
Cammm-
50
54
51 3
53

-

C .

Commom o=

60

CALL CNRITE(GGUT,

e
RS

TSABLA(TS 0 =GABTA (15 U)+GB11 (T LI #VIAD (LK) #GABAA(KsJ)

CALL CWRITE(GABLA»'GABLlA'9165454)

~<MAKE GOUT====mm=

JO 42 J=1s4
JJ 42 [=194
GOUT(Isd)= bABll(IsJ)
GOUT(1+4,J+4)=GABAA(I>J)
GOUT(IsJ+4)=GABLA(IsJ)
GOUT(I+45J)=GABAL(]+J)
'%UUT '38:8,8)
~0UTPUT=====m

JRITE(H9100) E:(GUUT(IaI)aI l’b)
FORMATC(LIH 217F7e3)

IF(IANS«EQ.0) GO TO 72
WRITE(20) ((GOUT(IsJ)sJ=l98)sl= 1:8)
~-MAKE GCCM1 AWD VZ2CD=====-~
J3 50 J=1920
30 50 I=12156
J2CD([a2J)= 4(I+20;J) 2E %S(I+203J)

JMIN=5
[FCIANS . NE4Q) JMIN—l
)3 54 J=JUMINs16
) 54 =194
J2CD(I’J)=00
[F(NUME«EQs1 ANDs IOUT«EQ. 1)

CALL CWRITE(VZCD:’V2CD '916920-8)
)0 51 J=1la4 ’
JD 51 I=1»4

CCCHML(l+189J+16)= GAOAA(IaJ)

JO 52 J=1s16
3D 52 1=1:16 -
SCCCMI(TIsd)= GAall(IaJ)
30 B3 J=1%4 '

VJD 53 I=1916

SCCCMI(IsJ+16) = GABlA(I’J)
:CCCMl(J+16:I) GABAL(Js 1)
ZALL CWRITC(GCCCVI,'GCCCCHl'920!4098)

. CALL CINV(GCCCM192050»2052051D- 1472DET’ZW20’IP20’N5TDP)
~CALL CWRITE(uCCCHl3'6CCCCMl'320340)8)

~CALCULATE GICC======
J0 60 J=1s16
J9 60 [=1-20
GD(IsJ)=0.
3) 60 L=1516 ‘
GD(IsJ)= uD(I:J)+V2CD(LsI) tGB1l1(LasJ)
D) 61 J=1»20 '
JJ 61 1=1220 o
GICC(I35J)=GCCCHLI(I>J)
)0 61 L=1»16
GICC(IsJ)=GICC(IaJ)~ GD(I,L)kVZCD(L’J)
CALL CWRITE(GICC»'GICC '»2052048)

CALL CINV(GICC»2050220520214D-145ZDETsZW2051P20>NSTOP)

uALL CNRITE(GICC:'GICC '920520:8)
JRITE(ZB)
JRITE(29)
CONTINUE
D 70 I=1198

RM(NUMEs )= AIMAG(GUUT(I$I))
0 71 I=1912

RM(NUMEs1+8)= AI%AG(GICC(I+8’I+8))

‘((GICC(I:J)yJ-l7a20)sI=l7:20)
((GICC(I:J)1J=1’4)71=l’4) 3 ‘

HRITE(6973) E:(RN(NJM;:I)’I 1120)

FORMAT(1H ’13F7 3)

30 701

CONTINUE

4QITC(30) ((RM(NUPE’I)’I I:ZO)QNUME 1aNN)
ﬂW’?? . lfl:f




1000
14

15
16

13

TCALL RMAT(RM:’RM 151305205NNs10)
STOP 0002

=AND

SUBROUTINE SHBAB(IANS)
uJMMDN/ARRAYS/S(40’4O)’Y(9?5’203>52(17?45)

COMMON/NATOMS/ NATOMSsNsNK

COMMON/ZINFO/ AN(40)»NOUT
COMMON/ZINFOL/CZ(40)5U(80)sULIM(40) sLLIM(40)>ULKsULL s ANL 9 ANK
COMMON /CON/CSSSS3CSSSX3CSSXXsC00SSsCO0SXsCOOXX2CSS s CSXsCXS,yCX
INTEGER AN>ULIMsULK»>ULL>CZsyUsANL s ANK

SOMMON/ZVODIPY VDIP(4,10)aAZETA(#?lO),CONSTaOMl30%2:VP(4310),
3 AZP(4510)

ZOMMON /PUS/PDD(3$IU)’EL:AU,TH:PAI:R27R3

'JMMDN /H/H(40540)

- <JIMMON /NC/NC(18)3LC(L10)sMC(10)

COMMON /NAN/NAN(40) '
JIMENSION TVtC(3)3P050(334),P051(3’4)3R0T0(49474)’RDT1(4:434)?
3 ROT(40240)>S0(40540)sHD(40540)
JATA AN/142838:838514>8:858/>NATOMS/9/
JATA NAN/25151913354519191/ :
'2EAD(:;14) VAIP(151)»VOIP(251)»VOIP(194)sVOIP(254)
FORMAT(4F10.0)
READ(5,14) AZETA(l:l)’AZETA(2a1)aAZETA(1:4):ALETA(2,4)
READ(555) CSSSS’CoSbX’CSSXX,CUU559CODSX3LOOXX
FORMAT(3F10.0)
READ(538) CSS»CSXsCXS»CXX
FORMAT(4F10.0)
<ALL COEFFT
IRITE(S515) VUIP(lyl)aVDIP(2sl)7VUIP(ly4):VUIP(2:4)
FORMAT(' VOIP=154F10.3)
IRITE(6216) AZETA(l:l):AZETA(Zwl)’AZETA(1:4),AZETA(2:4)
FIRMAT(Y AZETA='34F1043)
RITE(627) CSSSS,LSSDX:CSSXXQCOUSS’COOSX?COUXX
CFARMAT (! CSSSSaCSSSksCSSXXaCDDSS:CDDbX:CGOXX”’:6F10 3)
IRITE(6913) CSS:CSX:LXS:CXX
FORMAT (! CSS:CSX;CXS,CXX "34F10. 3)
D 20 1=1»2 SR
VOIP(I+6)= VOIP(I51) 5AZETA(I:6)=AZETA(I’1)
J3 21 J=253 ' '
VOIP(1sJ)= VOIP(I:4) SAZETACISJ)=AZETA(I24)
CONTINUE ‘ ‘
)8 22 J=719
S VOIP(I»J)=VOIP(1s4) FAZETA(IJ)=AZETA(]14)
CONTINUE ‘
CONTINUE

-ZINPUT INFORMATION ON IMPURITY=--n-

AEAD(52200) AN(5)3ETALSETA2
FORMAT(I12392F10.0)
YRITE(62202) AN(5)>ETALSETA2

.

- TAN5=AN(5)

202

201
203

204

205

FORMAT (! M(S):tTAlsETAZ“'aIZ:ZFlOo3)

JEAD(59201) VOIP(1s5)5V0IP(255)

READ(55201) AZETA(l:S):AZETA(2’5)

FORMAT(2F10.0) - ‘

IRITE(62203) VOIP(155)5V0IP(255)) AZETA(1,5)’AZETA(255)
FARMAT(" VOIP='32F10435" AZETA='52F1043) :
READ(52204) CASSS2CASSXsCASXSsCASXXo

* - CAOSS»CAQSX»CAOXS»CAOXX

FORMAT(BF10.0)
JRITE(baZOS) CASSS:CASSX:CASXS:CASXX, ‘

- “CAOSSsCAGSX»CADXSsCAOXX : '
FORWAT(' CASSS9CASSX’CASXS;CASXX:LAJSS;CAOSX,CAﬂxs,CADXX-',

3 8F10,3)

IF(AN(5)NEW8) GO Ta 23
3D 24 1=192

o /31P<1,5> VDIP(I:4) ,AZETA(I:SJ AZETA(I,4) R

A7 ST




23

- -

P

CONTINUE
CONTINUE
-CALCULATE POSITIONS FOR GROUP Q-=--==-=

3LAUEL=BL/AUX(Lla+ETAL)

-

- -

33

JLAUEZ2=BL/AUX(L+ETA2)

TVEC(1)=0s 3TVEC(2)=0e TVEC(3)=BLAUEL
CALL PDDRUT(O-)O.!O.;BL’AU:TVtC:PUSOQRDTO)
JO 30 I=193

)3 30 J=1ls4 '

A3S(1sJ)=P3S0O(I+J) -

~CALCULATE POSITIONS FOR GROUP A==-==-
33S5(195)=0.35 P0OS(295)=0e 3PUS(325)=0,
~-CALCULATE POSITIONS FOR GRUUP l======-
READ(5532) THIRZ :
FORMAT(2F10.0)

THR=TH#PAI/130.

IRITE(6234) THsRZ

FORMAT (Y THsRZ='32F10.3)
TVEC(1)=SIN(THR)XBLAUE2 3TVEC(2)=0s 3TVEC(3)= COS(THR)%BLAUCZ
CALL POSRDT(O.:TH»RZydL’AU:TVtCaPﬂblaROTl) o
20 33 =193

Jad 33 J=114

AIS([sJ+5)=P0S1(I1sJ)

ZALL RWRITE(PDS»'POS '»3510-10)

SALL INTGRL

)3 35 J=1140

)0 35 ]=1»40

4(19J)=S(1sJ)

5(I2J)=0.

)0 36 1=1540

- —

414

#*
418
416
417

422

411

J(I’I)—lo . ' . .
“=CALCULATION OF H MATRIX=-======
)0 408 K=1sNATOMS s

)0 408 L=K,NATOMS

LLK=LLTIM(K)

CLLL=LLIM(L)

- ULK=ULIN(K)
ULL=ULIM(L)
NORBK=ULK=LLK+1
 NORBL=ULL=LLL*1
DO 409 1=13NORBK
DO 409 J=13NORBL
LLKP=LLK+I=1
LLLP=LLL+J-1
LCI=LC(I)+1
LCJ=LC(J)+1
1F(LLKP,EQ,LLLP) GO TO 410
LLKPU=U(LLKP) 3LLLPU=U(LLLP)
JAZAN(5)
IF(NA+EQ.8) GO TO 414
IFCANCLLKPU) +EQeNASOReANCLLLPU) » EQ.NA) GO TO 430
CONTINUE

TFCANCLLKPU) oEQel4e AND ANCLLLPU) «EQe14) GU T0 411
" IF(AN(LLKPU) vEQe8 +AND+AN(LLLPU)#EQ.8 ) GO TO 4le

IF(LCI+EQelaANDSLCJ+EQ.1) GO TO 416
IF(LCI+GE+2+AND#LCJ+GE.2) GO TO 417
[FCCAN(LLKPU) «EQ. 14, ANDWsLCI4EQs1) «OR,
C(AN(LLLPU) «EQ+14,AND.LCJ,EG.1)) GO TO 418
CONST=CXS 5>G0 TO 413
CONST=CSX G0 TO 413
 CONST=CSS G0 TO 413
CONST=CXX 3G0 TQ 413 '
CIF(LCleEQelsAND.LLCJoEQ, l) G0 TO 422
IF(LCI4GE+24ANDSLCJeGE.2) GO TOD 423
- CONST=CS55S5X .360 70O 413 -
CU&ST CSSS8S ’GU T0 413

/4/ 7f e “:~'»‘.‘ ‘jf?Biﬂ"




423 CU%ST CSSXX 560 TO 413
412 IF(LCI+EQelAND.LCJ.EQs1) GO TO 420
- IF(LCT.GE+2¢ANDosLCJGEL2) GO TO 421
: CONST=CO0SX G0 TO 413 .-
420 CONST=C00SS GO TO 413
421 CONST=Ca0XX G0 7O 413
430 [F(AN(LLKPU)«EQel4-0RAN(LLLPU)+EQs14) GO TO 431
[F(LCI+EQelsANDLCJeER.]) GO TO 432
[F(LCleGE«2:ANDLCJeGE2) GO TO 433
IF( (AN(LLKPU) QE&QNAQANDILCIDEQQl)'DRQ
3 (ANCLLLPU) 2EQNA+ANDCLCUWEQ.1)) GO TO 434
CONST=CAOXS 5G0 TO 413
432 ZONST=CAQ0S3 ;G0 TU 413
433 ZONST=CAQOXX -3GO0 TO 413
434 CINST=CAQOSX ;G0 TO 413
431 IF(LCI+EQelaANDSLCJ«EQ.1) GU TO 435
[FILCT«QE«2,AND+LCJaGEL2) GO TU 436
[FCCANCLLKPU) sEQeNA«ANDSLCI+EQs1)+0Ro
3% (AN(LLLPU)eCEeNAsANDWoLCU.EQ.1)) GO TO 437
<INST=CASXS ;G0 TO 413
435 CONST=CASSS ;G0 TO 413
436 CONST=CASXX G0 TO 413
437 ZONST=CASSX G0 TO 413

413 CONTINUE | ,
H(LLKP:LLLP)~-S(LLhPaLLLP)s(VUIP(LCIaK)+VOIP(LCJ,L))%
% CONST/ 2.
30 TO 409

410 A(LLKPHLLKP)==VOIP(LCI3K)
4939 ZONTINUE , ' ‘ ,
408 CONTINUE ’ ‘ L : ‘ ‘ o e
' J0 1005 KK=1,3 . ‘ - ‘ ‘
JMIN=16%(KK=1)+1 3JMAX=MIN(409163%#KK)
-4-ff~QDTATIUN TO DESIRED ATOMIC BASIS""—*~*
. J2 161 J=1540
20 161 I=1540
“161 RAT(I9J)=0.
. 20 162 J=1y4
R0T(J+165J+16)=1,
20 162 I=144 '
 ROT(12J)=ROTO(IsJs1)
ROTCI+45J+4)=RATO0(]2»J12)
ROT(I+82J+8)=rROT0(IsJ53)
ROT(I+125J+12)=ROTO(12J24)
ROT(I+205J+20)=ROT1(IsJs1)
ROT(I+24sJ+24)=R0OT1(1sJ22)
ROT([+285J+28)=ROT1(I»J23)
162  ROT(I+325J+32)=ROTL(1sJ24) B
ARITE(621002) ((ROTCITsJJd)»JJ=1540)211=1540) L
1002 FORMAT(! ROT='s10F843)
JO 163 I=1540
JO 163 J=1,40
S(Js[)=S(1sJ)
163  H(Js1)=H(I»J)
)0 164 J=1s40
JO 164 1=14540 ,
SD(IaJ)=0s SHD(I2J)=0a
JO 164 K=1,40 '
‘ SD(I9J)=SD(IsJ)+S(I2K)IHRAT(K )
1564 HD(IaJ)=dD(IsJ)+H(TsK): RUT(K,J)
20 165 J=1s40 ,
LJ] 165 1=z1+40 B
- S(1sJ)=0, 3H(I»J)= Oo
© ). 165 K=11490 : ‘ .
o S(IaJ)=S(1aJ)+ROT(K1)HSO(KYI)
1565  H(I2J)=H(1sJ)+ROT(K21)¥HD(KsJ) ,
CRETURN GEND 174 ..
C Al-9o o S



'“SUBRdUTINE‘TéEAﬁ(G}"”
COMPLEX G(16516)
READ(22) G(1lsl) »6(252)5G(192)5G(253)

3 > ((G(I»J)91=558)3J=5,8)
3# s ((G(I»J)s1=1l34)sJ=5:8)
3¢ 5 ((G(l2J)s1=538)2J=9s12)

)0 201 [=354
G(Is1)=G(2,2)
201 G(1lsI)=G(1,2)
3(294)=G(2,3) 3G(3:4)=G(223)
JD 202 I=1,4
I1=1+1
JJ 202 J=11la4
292 G(Jr1)=G(1J)
JJ) 203 [=5,8
) 203 J=5,8
, G(J+4s1+4)=G(Js 1)
203 G(J+321+8)=G(Js 1)
J) 204 1=5,8
J] 204 J=9,12
G(I+450+4)=G(1sJ)
204 G(Iad+4)=G(1sJ)
)JJ 205 1=z154 '
G(721+12)2-G(731+12)
205 G(I+4915)==-G(1+41215)
)2 206 I=5,8
Q(lal+4)=G¢

1,1) 5G(LlsI+8)=G(1
G(29]+4)=G(4>y1]

211

3]

) 2 1)
) 3G(25148)=G(3s1])
) 3G(351+8)=G(4s1)
) 3G(4y1+8)=G(2s1])

G392 ]+4)=6¢(
‘ G(491+4)=G(3),
206 CONTINUE
)0 207 I=1,16
)0 207 J=Isle
1207 G(Js1)=G(1sJ)
RETURN SEND
3UBRDUTINC RWRITE(A:IC1N34,MO)
REAL A
JIMENSTION A(NsM)>1C(2)
WRITE(65100) ICsNaMaaMO o |
100 rORMAT(1H0,2A4"(’313"5'113:') IN ('s132"5'5135%) 1,
3# 30(1x")) . '
CKMAX=M/MO o
[F(MO¥KMAX s NEoHM) KMAX=KMAX+1
)0 10 K=12KMAX _ \
JMIN=1+(K=1)%#MQ 3 JMAX=MIN(MsMOK)
ARITE(69103) (JsJ=JMINsIMAX)
103 FORMAT(1H »12110) '
33 11 I=1»N .
11 IRITE(H2101) Is(A(IaJ)sJ=IMINsIMAK)
101 FORMAT(1H »12512F10.3)
‘ IRITE(62102) :
102 FORMAT(! ==mcrmsm e e e e e v)
10 CONTINUE
RETURN SEND
SUBROUTINE CNRITE(A:IC:%:M:MO)
COMPLEX%8 A
JIMENSION A(N>» 4):IC(2)
ARITE(65100) ICsNaMawsMD : .
100 FURMAT(1H0:2A4"('913:','9133') N ('913,’,'9132f)':
* 30(r1)) . ' :
{MAX= M/MO -
[F(MOXKMAXaNE o i1) KMAX= KMAX+1
D0 10 K=1>KMAX ‘
AMIN=T+(K=1)3#M0 3 JMAX=MIN(MY MU%K)-
IRITE(69103) (J5Jd=JMIN»IMAX)
103 FORMAT(IH »8116) .
T A B




1044700
044800
044900
1045000
45100

. =

- ~

145400
145500

1045700
1045800
145900
146000
(46100

4600

145200
045300

1465600

0166200
146300

103 FORMAT(L1H »1618)

3 11 I=1,N
11 ARITE(69101) Is(A(I>J)sU= JMINsIMAX)
101 FORMAT(1H »12316F8,3)
IRITE(65102) o ‘
102 FORMAT (7 = mmm e e e e ')
10 CONTINUE
RETURN 3END
SUBROUTINE TARITECAS ICaNsMaL »MO)
COMPLEX%8 -A
'JIHENSIQN A(NaMsL)21C(2)
IRITE(65100) ICsoNsMaLsNsMO
100 rJRMAT(lH092A4:'('1157': 2135') BY ('
3 I35 5 5 2337 )1530(t3%1))
<H4AX=M/M0O
[F(MORKMAX ¢ YE o M) KMAX=
JO 12 KK=1,L
-0 10 K=11K11AX :
JMINST+(K=1)%M0 5 JMAX=MIN(MsMOK)
IRITE(65103) (JsJ=JdiInNs IJMAX)
103 FORMAT(1H 8116)
JJ 11 I=1sN '
11 IRITE(69101) I:(A(I’J,KK) J=JMINs JMAX)
101 FORMAT(1H 9 ]2215F8,+3)
ARITE(62102)
102 FORMAT (! "‘-—"“‘"—“""""‘"'”’ ~~~~~~~~~~~~~~~~~ ")
10 CONTINUE ‘
12 CONTINUE
RETURN SEND
- SUBROUTINE RMAT(A:IC:N;ﬁ:NOyM 0)
REAL A
JIMENSION A(NsMY 2 IC(2)
ARITE(69100) ICsN»MsNO,MNO

CHMAX+1

'130 PJRMAT(1H0;2A43'('313?'5"139') IN ('513:','913")'$

3% o 30(rx))
SMAX=M/MO
[F(MOXKMAX W NE o M) KMAA KHAX+1
JO 10 K=1sKMAX '
TJMIN=1+(K-1)%MO 5 IMAX=MIN(MsMOXK)
YRITE(69103) (JsJ= JMIN:JMAX)

J0 11 I=1sNO
11 IRITE(69101) I:(A(I:J),J JMINs JMAX)

101 FORMAT(1H 112,16F8,3)

~ SNRITE(632102) ‘ :
102 FORMAT(!" mwcccmm e e e e ———— ')
10 CONTINUE '
RETURN 3END
SUBROUTINE CMAT(AsICyNsMaND» MO)
SAMPLEX3#8 A
JIMENSION A(NsIM)»IC(2)
ARITE(65100) ICoNsMsNDsMO
109 rJQVAT(lH0,2A4a'(’313,"'315") IN ('9139'7':135')':
* B0 :
<4AX M/7MD B o
[FIMOXKMAX G NEoi) KMAX=KMAX+1
JO 10 K=1s2KMAX ,
JAIN=1+(K~1)%#M0 3 JIMAX= MIN(M:MOkK) , \ -
IRITE(65103) (JyJd= JﬂINyJVAX) ‘ :
103 FORMAT(1H »811%)
©D0 11 I=19ND
11 ARITE(62101 ) Is(A(1s5J)yd= JMIN JMAX)

101 FORMAT(1H s12516F8. 3).

IRITE(65102) _

102 FORMAT(! ===w-- LT T T T N S mm et )
10 CONTINUE . : RS . | |

.. JETURN SEND

/ ?2\ e ‘.‘- . : _178.4 R




T T SUBRGUTINE RARIT (A 1CsHsMO)

103
101

102
10

100

103
101

102
10

JIMENSION A(1)21C(2)

{RITE(65100) 1C»>MD
FORMAT(1HO2A4s" IN ('s135")")
<MAX=M/MOD

[F(MOKMAX NEeM) KMAX=KMAX+]

20 10 K=1s2KMAX

JMIN=1+(K=1) %MD 3 JIMAX=MIN(MsMOXK)
IRITE(69103) (Jed=JMINsIMAX)
FORMAT(1H ,1618)

IRITE(62101) (A(J) s J=IMINs UMAX)
FORMAT(1H 32X516F8.3)
JRITE(65102)

FAORMAT (! =m=mm=m— -
CONTINUE ‘
RETURN SEND

SUBROUTINE DWRIT(A»ICH»M»MD)
REALH8 A

JIMENSION A(1)»1C(2)

CARITE(69100) ICHHO

FORMAT(1HO»2A45" IN ('5]321)")

{MAX=M/MO

[FIMOHKMAX«NEe M) KMAX=KMAX+1

J0 10 K=1>KMAX

JMIN=1+(K=1) %MD 3 JHAX=MIN(M>MUTRK)

VWRITE(65103) (J>J=JMINs JHAX)

FORMAT(1H »1618)

RITE(65101) (A(J)sJ=IMINs JHAX)

FORMAT(1H »2X»16F843) . . . :
IRITE(62102) | , -
FORMAT(! =====- i ettt mmemm——— -')
CONTINUE | |

RETURN 3END

IF Al40241,FORT LIST END




————— e - 8 e

+-200H SYMBOLIC LISTING CDHPUTER CENTRE UNIVERSITY oF TUKYD

DGEED JF Al402+14FORT
000010 -3, O 0ol 0«04 0:05
1000020 1 ‘
000100 14.95 778 29.6 1267
(00200 1l.6344 1.4284 242460 2,227
000300-87 1.569 2e5
000400 245 443 6.0 ’
100500 1.34 2«1 2.1 2¢9
100600 0 Qe 0,
100700
000800
000900
01000 120, 0.

R DGEED IF Al40241.FORT LIST END
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12000 SYMBOLIC LISTING

l

@ PERFIN  JF  AL402

000100 PROGRAM P

000200 14PLICIT

1000300 ‘ COMMON/AR

000400 ZOMMON /P

1000500 COMMON /H
IEALSG VY
JIMENSION
JIMENSTON

i

V7\

%*
JIMENSION

3
JIMENSTON
JIMENSION

==

#* XV /=

REWIND 21
READ (5,511

QCAD(21)

S
12 uUNTINUE
13 CONTINUE

READ(559)
[F(DEIl+NE.

------ SET UP s

A(12J+20)
6 A(I+20,J)

----- -MAKE VYS

VYS(IsJ)=
VYS(]+4»
400 CONTINUE

3000 C--=-==<=SCANNING
3100 CNUMK=9 «
5110 ;MA,'AJO 1 K171,

/4/

11 FORMAT(213)
IFC(ISKIP+EQeQ) GO TO 13
90 12 IS=1,1SKIP ‘ '
ﬁ((GSUNF(I9J7NUME)9I =1lo4)sd= 194):NUME 1sNN)»

'COMPUTER CENTRE» UNIVERSITY OF TOKYD DATE &

o [« FORT

ERFIN

COMPLEX#8 (GsVsZ)
RAYS/S5(40540)9Y(9959203)9A2(17345)
0S/P0S(3210)sBLsAUSTHIPAI sR2sR3

/A(40540)

S

UD(B:B)

UUUT(12312’20)’GAV(12712320)
GYYY(B38)sG5585K(454)35G5S5M1(4354)sGYYYM1(B8s8)s
GSURF(4943540)» .
GPYYK(828)2GP5SK(494)2GPSYK(438)sGPYSK(8y4)
SYS(B24)sVYS(8s4)sVYSD(Bs4)sRG3M(130)sRG4M(130)
ZWG(4)9ZWB(8)s1P4(4)»1P8B(8)
AVl(Z)9AV2(2)’XV(Z)7YV(2)9AKV(2)

VGV (823)

)ATA AVl/“l012490)5§5/7AV2/'|6124"05535/7

#81655104142/5YV/~1,41429-.8165/

JATA AU/ «529167/35PA1/3, 141592/7bL/1 61/
VEL)=XV (1) 3YV(L)=YV(1)

) ISKIP»NKEND

(RG3M(I):RG4M(I):I 1oNND

. ARITE(628) |
8 FORMAT(' INPUT nI:EF:Dt:DELTAsEPSG IN 5F10,01)
Z1=-11, 3EF=0s 3DE=0.1 ;DELTA=0404 3EPSG=0,05

DEI:DEF’DOL’DDcLTAaDEPbG

9 FORMAT(5F1040)

0s) EI=DEI

IF(DEF,NE+0.) EF=DEF
[F(DDE,NE+0,) DE=DDE
IF (DDELTA. ,
[F(DEPSG.NE+0+) EPSG=LEPSG
INS(EF=EJ+0401)/DE 3yN=NN+1

NE«Oo) DELTA=DDELTA

AND H=====-= - | | S

SALL SHBAB(IANSB)

)0 6 J=1s4

20 6 I=1s4

=0

:Q. ’ '

CALL RWRITE(H»'H '240940510)
CALL RWRITE(S»'S '940540510)

AND SYS=mmnmm-=

D0 400 J=1,4
20 400 I=1,6

H(12J+20) 35YS(IsJ)=S(12J+20) v
J)=H(I+1650+20) $SYS(1+43J)=5(1+165J+20)

2800 C - CALL RWRITE(VYSs'VYS '38s4s4)
2900 C  ° ZALL RWRITE(SYSs'SYS '2B814s4)

aF K’*ﬁ"*f-

12

gih_;;, tjﬁnf“f':;ém3}7g)fnini.. }.fHM A;w ":Lf -

I



ARV (1Y ==1062+0,28%(K1-1)
)2 1 K2=1»14
AKV(2)==1¢88+0¢28#(K2~1)
[F(AKV(2)aLTe(0e5774%AKV(1)~1e8856)s0Rs . ﬁ
34 AKV(2)oLTe (=0« 5774XAKV(1)'1 B&56)+0Ra ‘ '
3 AKV(2)eGTo(0eB5774%AKV(1)+18856)«0R
%# AKV(2)eGTo (=0eB7743#AKV(1)+1.8856)) GO TO 1
AKl= PAIX(AVl(l)%AKV(1)+AVl(2) tAKV(2))
AK2=PA (AVE(l)*AKVLl)+AV2(2)*AKV(2))
JUMK= NUVK+1
[F(NUMKeLEs ISKIP+UR& UMK GT NKEND) GO TO 1
10 JRITE(63105) AK1sAKZ2,5K19K25NUMKsAKY
105 FORMAT(" AKl}AKZ:Kl:KZaNUMKaAKV 192F843931352F8.3)
Crmmm—- .REWIND GEEQ FILE==-==~=~
REWIRND 23 '
Comm——= READ=IN SURF=======
IEAD(21) (((GSURF(1s2JaNUME)sI=1a4)aJ= 154)sNUME=12NN)»
3* (RG3M(I)IRGE4M(T) s I=1oRN)
<u3M(l) RG3IM(L)Y 3RG4#M(1)=RGa4M(1)

Cmmm=—= SCANNING OF ENERQY=====
Z=EI-DE ;NUME=Q
C==~-~=~CHANGE ENERGY=~==-=
40 {UME=NUME+1
C [F(EeGEe=6a01¢ANDsE«LTe~4+01) DE 0.05
E=E+DE
C IF(EeGTe=5e99¢ANDsELTe=399) bELTA 0+02

[F(EGT.EF+0,1%DE) GO TO 2
2E=E+(0es1,)5%DELTA
(==m~===READ=IN GEEO(QYYY)=w=—==
READ(23) ((GYYY(I:J)’J 198)’I 128)
J0 410 I=1,7
S Ii=1+1 .
30 410 J= 11+8
410 3YYY.(JaI)=GYYY(Isd)
C . CALL CWRITE(GYYY»'GYYY '3985818)
Com=== -MAKE VYSD AND GSSS=-==--
, 30 420 J=ls4 I
.0 420 I=1,8 ‘ ‘
420 JYSD(IsJ)=vYS(Iad)- ZEnSYS(I,J)
Cc - CALL CWRITE(VYSO"VYDD 's8:4a4)
J3 421 J=1r4 ‘
)0 421 I=1.4
. GSSSK(12J)=GSURF(I1,JsNUME)
421 GSSSHI(I!J)=GSSSK(I:J)‘
C ' CALL CARITE(GSSSKs'G3SSK Y 24942 4)
Cmommm== .MAKE GYYYM1 AND GS3SSMl-====-
)0 430 J=1,8
JO 430 1=1.8
430 SYYYM1(IsJ)= GYYY(1sd)
CALL CINV(3YYYM13820, 87871 D-149ZDET»ZW8sIP8sNSTOP)
CALL CINV(GS55SM12420s4242140-1492DET»ZW4> IP4’NSTOP)
C gALL CARITE(GSSSML12"'GSSSML Y s4r494)
C CALL CWRITE(GYYYMl2'GYYYM1'382858)
Cmmmm—- CALCULATE GPYYK AND GPSSK=====-
D0 439 Jd=1s4
JO 439 =18
CGD(IaJd)=0.
00 439 L=la4
“439 GD(I’J)‘uD(1’J)+VYSD(17L)AGSSSK(L9J)
00 440 J=1,8. ;
J0 440 I1=158 ,
©CGPYYK(12Jd)=GYYYM1(I>J)
D0 440 L=ls4
440 GPYYK(I5J)=GPYYK(I»J)- GD(I?L)%VYSO(J&L)
008500 C 20 440 J=1,8
08600 C 0 440 I 1,8




1309300
1009400
1009500
1009600

1909300
1910000

ONONOANONN N

(@) anon

OO0 0O

N0

aONOOoOnNnon

440

GPYYK(I2J)=GYYYML1(1>J)
J0 440 K=1s4

GPYYK(I15J)=GPYYK(IsJ)=VYSD(IsL)? tGOSSSK(LsK)®VYSD(JsK)
CALL CINV(GPYYK3850333851eD-143Z0ET22Zw851P8NSTOP)
CALL CWRITE(GPYYKs'GPYYK'283853) :
JO 441 J=1,8
D 441 1=1,4

GD(Is»J)=0,
JO 441 L=1,8 ‘
IDCTsJ)=GD (I d)+VYSO(LYIIHGYYY(Lad)

230 442 J=1ls4

442

- - e -

451

452

458

-

JD 442 I=154
GPSSK(13J)=GSSSM1I(IsJ)
J0 442 L=1,8
GPSSK(I9J)=GPSSK(I>J)=GD(IsL)3VYSD(LsJ)
JO 441 J=1,4
10 441 I=1y4 .
GPSSK(19J)=GS55M1(Isd)
JJ 441 K=1,8
JO 441 LL=1s8
GPSSK(15J)=GP3SK(I>J)=VYSD(Lsl)#GYYY(LsK)H¥VYSD(KsJ)
CALL CINV(GPSSK2420343451eD-145ZDET2ZW451P4sNSTOP)
CALL CWRITE(GPSSKs»'GPSSK'"s42494)
~CALCULATE GPYSK ANU GPSYKe=====
D0 450 J=1+4 :
JO 450 I=1,8
GD(IsJ)=0,
JJ 450 L=1,8
GD(IsJ)=GD(IsU)+GYYY(IaL)%VYSD(Lod) -
)0 451 J=1,4
JJ 451 1=1,8
SPYSK{I»J)=0,
J3 451 L=1,s4
APYSK(IsJ)= UPYSK(I,J)+GD(IaL) ¢GPSSK(LsJ)
0 451 J=1sx4 ‘
JO 451 I=1,8
CGPYSK(12J)=0
JO 451 K=114
J0 451 L=1,8 ‘
GPYSK(I19J)=GPYSK(IsJ)+GYYY(IaL)%VYSD(LsK)%GPSSK(Ksd)
CALL CNRITC(GPYSK”GPYSK'98:4:4) ' :
J0 452  UJ=1.8
)] 452 1=154
GD(IsJ)=0.
A0 452 L=1,4
GB(I»J)=GD(13J)+GS33K(IsL)#VYSD(JaL)
JO 458 J=1,.8
JO 458 I=zl,4
-~ GPSYK(I3J)=0,
J0 458 L=1,8
GPSYK(I»d)= GPSYK(I:J)+GD(I>L)wGPYYK(L’J)
) 452 J=1,8
JO 452 I=1,4
GPSYK(I5J)=0.
JJ 452 K=1,8
JO 452 L=1y4
"GPSYK(1sJ)= GPSYK(I,J)+GSSSK(IaL)nVYSD(KaL)nGPYYK(K9J)
ZALL CWRITC(GPSYK!'uPSYK'9458!8) ‘
=-STORE IN GAY======
J0 453 J=1,8
JO 453 [=1,8
GAV(1s»JsNUME)=GPYYK(1sJ)
)3 454 U=1,4
JD 454 I=1y4 . . :
CGAV(I+83J+8sNUME) = uPSSk(IaJ) e L

AI~87 181




113300

113500
1013600
1013700
113800
013900
014000
0114100

=

013400

[ R

461

)0 455 U154
)0 455 1:=1,8
GAV(1sJ+8sNUME)=GPYSK(1sJ)
GAV(J+85 1 sNUME)=GPSYK(Js 1)
)0 456 1=1,12

RG34 (1)=ATHAG(GAV (15 NUME))
IRITE(62457) E»(RG3M(I)»1=1512)

FIRMAT(LH »13F8,3)

30 TQ 40

~ARITE QUT-====

ZONTINUE ~

ZALL TWRITE(GAVs TGAV  151251222058)
<AVERAGING-=====

IF(NUMKeNE.1) GO TO 441

REWIND 20

IRITE(20) (((GAV(I,JsNUME) »1=1512)5J=1512) sNUHE=12iIN)
CONTINUE

REVIND 20

READ(20) (((GOUT(IsJaNUME)»I=1912)2J=1512)sNUME=15NN)
JUMK1=NUMK=-1 :

JO 460 NUME=1»sNN

JO 460 J=1512

J) 460 [=1,12 :

GAV(I2JaNUME)=(GAV (I sJsNUME)+GOUT (1 sJsNUME) ®XNUMKL) /NUMK
‘NRITE DN FILE PERFIN ''''''
REWIND 20
JRITE(20) (C(GAV(IsJoNUME)»I=1512)2J=1912) s NUME=12NN)
ZONTINUE
STOP 0002 SEND
JF Al402.1.FORT LIST END

A/.‘QA? e e . -182




400220
000300
000400
1100500
000600

DPERF
71150

‘505
14,95
1.6344
87
25
1,34

JF Al402.1.FORT

=326 01 0.04
778 2946 1247
1.4284 202460 2.227
1.69 25

: 4!3 6-0
2el . 2el - 29
O«

IF Al402.1.FORT LIST END
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200H SYMBOLIZ LISTING COMPUTER CENTRE» UNIVERSITY OF TOKYO

|

DANGLE JF Al402e1.FORT
00100 AROGRAM DAANGLE
00200 IMPLICIT COMPLEX#%8 (GsVisZ)

:JMMON/ARRAY5/3(4O’QU)?Y(9:59203)’AZ(17345)
- COMMON /POS/P0S(3910)sBLyAUSTHSPAISR25R3

SIMMON /H/4(40+40)

REALXG VY3

JIMENSTON "SYS(824)svYS(B8s4)2VYSD(83s4)s
3 -~ GPPP(123512520)5GPSSM1(424)2GDS5S(494)
® » ZWA(4) 2 1P4(4)

JIMENSTION GYYY(81s8)

JATA AUZ4529167/2PA1/34141592/58L7/ 1. 61/

REWIND 20

IRITE(698)

8 FORMAT (' INPUT EIlEFsDE-DELTASEPSG IN 5F10.01")
Z1=-545 jEF==3+6 D0E=0.1 SDELTA=0«04 3EPSG=0.05
READ(559) DCI:DEF’DDb’DDELTAaDEPbG :

9 rﬂRMAT(SFlo 0)

- IF(DEI«NE+Qs) EIl=DEI

- IF(DEF+NE+0Q,) EF=DEF
[F(DDEWNE«Qs) DE=DDE
[F(DDELTA+NELOs) DELTA=DDELTA
[F(DEPSGWNE.Q«) EPSG=DEPSG
' AN=(EF-E1+0,01)/DE 3iNN=NN+1
Cr====~S5ET. UP S AND H=======
CALL SHBAB(IAN5) S
30 6 J=lya S
J9 6 I=154 : ‘
- q4(IsJ+20)=0y
‘ 6 A(1+205J)=0. .
C CCALL RARITE(H»'H  '540,40510)
C  CALL RWRITE(S»'S - '340540510)
Comm—m—m MAKE VYS AND SYS===m=== = ~ .
JO 400 J=1,4 A
J0 400 I=154 : ~ ‘ '
- VYS(IsJ)= H(IsJ+20) 3SYS(I»J)=S(1»J+20) :
- VYS(I+43J)=H(I+165J+20) 3SYS(I+4»J)=5(1+162J+20)
400 CONTINUE - ; ,
C CALL RWRITE(VYS"VYb '5892434)
C ZALL RWRITE(SYS»'SYS '583434)
e READ-IN PERFIN=====~-
READ(24) (((GPPP(1sJsNUME)sI=1912)sJ= l!lZ)sNUME 15NN)
Commmmm -SCANNING OF ENERGY==-=-- «
E=EI-DE 3SNUME=0

Crowm=~ CHANGE ENERGY=mwm===
40 JUME=NUME+1 |
C [F(E«eGEs=6401¢ANDeEaLToa~4+01) DE=0405
| Z=E+DE |
C [F(EeGTo=5499¢ANDsE«LT2+~3+99) DELTA=0.02

IF(E+GTEF+0,13#DE) GI TO 2
ZE=E+(0esl,,)MDELTA .
Crmm===aREAD=IN GEED(GYYY)======
- READ(23) ((GYYY(I’J):J 138)91 1»8)
20 410 I[= 1’7 :
[1=1+1
- 20 410 J=11.8
G410 3YYY(Jsl)=GQYYY(IaJ) o i
C CCALL CWRITE(GYYY2'GYYY '585898)
- 1AKE VYSD AND GPSSMl~j::::mw;”_M_

AL fo‘»" ) o lggf””'“:

DATE &




)0 420 J=1y4
' JJ 420 1=1,8 ,
420 VYSD(IsJ)=VYS(Isd)~ZE3 SYS(I7J)
- CALL CWRITE(VYSDs'VYSD '585494)
JO 422 J=154
JD 422 I=1s4
422 3PSSMI(15J)=GPPP(I+35;J+83NUME)
CALL CINV(GPSSMls4s0949451,0~ 14,2DETsZvw4sIP4sNSTOP)
CALL CARITE(GPSSM1s'GPSSM1's4s494) -
------ CALCULATE GDSSme=m=-
1) 423 J=1s4
JJ 423 Iz1,44
30S8S8(1sd)= uPSSﬂl(I:J)
)0 423 K=1,8"
JJ 423 L=1y8
3DSS(IsJ)=GDSS(IsJ)+VYSD(Ls )3 bYYY(LaR)uVYSO(KsJ)
SALL CINV(GDSS5450545491e0-149ZDETsZW45 P4 NSTOP)
CALL CWRITE(GDSS»'GD35 '34y4,54)
~~~~~~ QUTPUT ON FILE GDSS~=mmmm
IRITE(62424) Es(GDSS(Is1)sl=1s4)
 FORMAT(1H »9F8,3)
IRITE(20) ((GDSS(IsJ)sl=154)9J=134)
30 TO 40 ' ,
STOP 3END
PROGRAM PLDANG
COMPLEX*8 GD55(494)
)IMENSIDN EM(132)sR(132)» RH(13032)
IN=20 SNNL1=NN+1 5NN2=KNN+2 3El==5.5
----- “MAKE EMm=mmeme—-
JO 14 [=1551
EMCI)==11e+(1~1)30, 1
JD 15 1=1540 ’
Zi([451)==5,95+(1-1)3%0,05
Y 16 [=1939
EMCI+91)==3,9+(1~1)30, l
J0 14 [=1sNN . - . :
(] )==5,5+(1- l)mO 1
J3 10 NUME=1sNN -
~=====READ=IN GDSS~===~~
‘ READ(26) ((GDSS(IsJ)al 1’4)’J 194)

{1(NUME’1)—‘AIMAG(GOOS( 1))

MINUME»2) =~AIMAG(GD5S5(2 2))

CONTINUE , ‘ .

KM=NN#*0.2 5YM=20. 3 AA2=XM+2,

CALL PLOTS(0s20e2'SURF')

CALL PLOT(2432e5-3) .

RINN1) =04 3R(NNZ2)=0e5 SEM(NNL)=E] 3EM(NN2)=0.5
JO 2 K=1,2

CALL AXIS(Qe20e>'ENERGY'2-6> XM’O.:EI 0e5)
CALL AXIS(OOSOQ"DANQLt"OQY“’QOQ’OCQO 5)
JO 4 [=1sNy

MAID)==RM(1 1K)

CONTINUE ‘

CALL LINE(EMIRsNWN»12090)

CALL PLOT(XM22049~3)

CONTINUE

ZALL PLOTV

S5TOP SEND

IF AL40241.FORT LIST END

185




DOANG JF

00100 14.95
00200 146344
00300 +87
00400 245
00500 1434

01000 180.

DDANG JF

L200H SYMBOLIC LISTING

Al402+14FORT

~3,6 , Oel 004
7'78 2946 1207 }
1.69 25

443 6e0

2'1 . 201 209

Qe

A1402+1.FORT LIST END

0.05
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Commm-—
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C
Comm——

421
C

COMPUTER CENTRE» UNIVERSITY OF TOKYO

JF Al1402+1.FORT

2ROGRAM OVAC.

IMPLICIT COMPLEX%8 (G»VsZ)

ZOMMON/ARRAYS/S5(40> 40)3Y(9$5?2U3)’AZ(17!43)

uOMiDN /POS/P0S(3510)sBL2AU»THsPAISR25R3
ZOMMON /H/A4(40940)
JIﬁENSIDN~GBBB(16116)’GBBBH1116a16)36055(4:4)a

3#*  GDSSM1(454)sVBSD(1654)2GVBB(16516)
% GVSS(494)92Wa(4)s2W16(16)>]P4(4)sIP1E(16)
.{\, OUT(ZO’IBO)

JATA AU/ ,529167/9PAl1/3. 141592/:6L/l 61/

JQITE(ésB)

FORMAT (' IWPUT El2EF»DEsDELTASEPSG IN 5F10.0")
Z1==545 3EF==346 3DE=0,1 SDELTA=0+04 3EPSG=0.05

READ(559) DEI»
FORMAT (5F1040)
IF(DEILNE«04)
IF (DEF«NE+04)
IF(DDEJNE+04)

DEFaDUE’DDELTAaDEPSG

EI=DEI]
EF=DEF
DE=DDE

IF(DDELTA«NELOo) DELTA= DD&LTA

IF(DEPSGaNE«Qe

) EPSG=DEPSG

AN=(EF-ET+0401)/DE 3;N=NN+1

--SET UP S AND

[ B R R

CALL SHBAB(IANS)

D0 6 J=1,4

30 6 I=1s4
A(I9J+20)=0,
1(I1+202J)=0.
CALL RWRITE(H»
CALL RWRITE(S»

'H  1340540510)
's ':40,40,10>'

-=5CANNING OF ENERGY=w====

E=EI-DE 3sNUME=

--CHANGE ENERQGY

JUME=NUME+]
Z=E+DE

0

— - - -

IF(EZGTEF+0, 1¥DE) GO TO 2
ZE E+(00’1 )I\DELTA

--READ~IN GBBB

AND GD5S===mmm

CALL TREAD(GBBB)
READ(26) ((GDSS(IsJ)s1= 1>4)5Jz154)
ZALL CWRITE(GDSS»'GDSS 'rbstsk)

-=4AKE VBSD=~=--

10 420 J=1s4

30 420 I=1,16
420 YBSD(15J)=H(IsJ+20)=2E#S(1+J+20)

JO 421 J=1s4
JD 421 1=5,16
VBSD(IsdJ)=0,

CALL CWRITE(VBSD»'VBSD '>1654194)
C--=---=MAKE GBBBM1 AND GDSSNI ------

JJ 430 J=1s16
)O 430 I=1,16

430 33BBM1(IsJ)=GBBB(I»J)

43]

CALL CINV(GBBBM121650s1651651.0- 14:ZDET92W1631P16:N5TOP)

CALL CWRITE(GBBBM1s'GBBBM1'51651698)

JO 431 J=1s4
JO 431 I=1,4

5DSSMLI(19J)=G0SS(12J)
CALL CINV(PDSSM1’49034:471 D= 14sZDET,ZW4:IP4sNSTUP)

Al- 73‘

A ke

.x(’;‘

DATE 80



440

441

C
Commmmm

- a sy -

NeYoYaYeYaXaTall

14
7600 Cm===-

100

T CALL CHRITE(GDSSMIZTGOSSHI strsasy 7 0

-CALCULATE GVYBB AND GVSS==w==-
JO 440 J=1,16 g

)JD 440 I=1,516

WBB(I5J)=3B3BM1(Isd)

JJ 440 K=1y4

JO 440 L=1y4 ’
JVBB(I’J)'OVdB(IaJ)‘VBSO(I)L)QGDQS(L3K)NVBSD(J’K)

- CALL CINV(GV3B»s163051691691,D~ l492DETth1691P16:NSTDP)

ZALL CWRITE(GVBR> 'GVBA 121651618)

JJ 441 J=1,.4

DO 441 1=z1s4

AVSS(12J)=G0SSM1(1sJ)

J0 441 K=1ls16

IO 441 L=1,16
SVSS(1ad)=GVSS(IaJ)=yBSD(Ls1)%GRBB(LsKINVBSD(Ksd)
CALL CINV(GVSS 24350542431 4D~143ZDETsZ4s P4 sNSTOP)
CALL CWRITE(GVSSs'GV3S Trbytsh)

~STORE-IN QUT=====~

10 450 I=1,16

JUTCT s NUME)=ATHMAG(GYAB(1s]))

JJ 451 I=z1ly4

IWT(I+16sNUME)=AIMAG(GVYSS(Is1))

IRITE(65452) Es (OUT(I>NUME)»>1=1520)

FORMAT(' E='3F1043/14d 916F743/1H 24F643)

30 T0O 40 ‘

=~QUTPUT ON FILE UOVAC===~=-=

CONTINUE

CARITE(20) ((OUT(IsNUME)»I1=1220)>NUME=15NN)

3TOP 3END
PROGRAM PLAOVAC

JIMENSION EM(132);R<132)$RV(130:20)

JN dO 3NNL=NN+1 3NN2z=NN+2 ;EI=-5,5

30 14 1= 1:51

EM(I)==11e4+(]~ =1)3#0.1

JO 15 [=1940 . .
EM(1+51)=~5,95+(1~ l)n0.0S
JO 16 I=1539

.FM(I+91>-"3 9+(I 1)n0 l

J0 14 T=1sNN
aMI)==5,5+(1-1)3%0.1
=READ=IN OVAC=====~"

- READ(27) ((RM(NUME»I)s1= 1’20)5NUME 12NN)
- XM=NN%0e2 3YM=20e 5XM2=XM+2. ‘

CALL PLOTS(0a30s2'SURF!')

CALL PLOT(2e¢2243=3) : :
I(NN1)=0,s 3SR(NNZ2)=0e5 SEMONNL)=E] SEM(NN2)=0.5
JO 2 K=1520 ‘
CALL AXIS(042049 "ENERGY ' 2~69XMs0esE12045)
CALL AXIS(0s5042'OVAC'543YM390430e20.5)

I3 4 I=1aNN

(D) ==RM(I»K)

CONTINUE

JALL LINE(EM:R’NN’17030)

CALL PLOT(XM23049-3)

CONTINUE

CALL PLOTV

5TAP END

PROGRAM PLUNI

JIMENS ION E(l32)3R(132)’RM(130’20)9NUUT(20)
IﬂTEGERnB IP(10)

J 9990

CARITE(69100)

FORMAT (' INPUT NN»>KINDsEIsDE IN 213:2F10 oY)

_ QtAD(Salol) NNN:NKIND&D&I’DUE o ““‘1&%8““"‘

AT



131

C _____

102

103

10
11

106

107 F

FIRMAT(21352F10,0)

{H=110 3KIND=20

IF (NNNeNE=0) NN=NKN

[F(NKIND,NEWO) KInU=oKIND

~READ=IN=m==m=~

REWIND 30

READ(30) ((RM(NUME»I)sI=1aKIND)»NUME=15NN)
Jll Nv+l SANZ2=ENN+2

21=-11, 3DE=0.1
[F(DEl.NE«Qe) ET=DEI
[F(DDESNE«Ds) OE=UDE
)3 20 I=1s4iv.
ECI)=e1+(]=-1)%0E
:\LL PLOTS(O.’O-)’S')

;ALL PLUT(2972-:—3)

JRITE(62104)

FORMAT (' InPJT UXs0Y PER UNE CH')
READ(55105) DDX200DY
FORMAT(2FL0.0)

1X=045 5DY=0.5

IF(DUXQNE-D-) DX=D0X

IF(DDYoNE#Qa«) DY=DDY

(AX=20+ /DY ;XAAX=Nn}DE/DX XPAXL XMAX+2
[C=0

J(NN1)=0, 3R(NNZ)I=DY 3E(NNL1)=E]l 3E(NNZ2)=DX
ZONTINUE S

IC=1C+1

IRITE(62102) IC . -
FORMAT (' INPUT NOUT 1IN 3012 3GRAPH #=1513)
EAD(55103) NOUT(I):I 1220) ' '
FORMAT(2012)
[F(NOUT(1)eEQW0) GO Tu 6

D 10 I=1-20

[F(NOUT(])aNE«D) GO TO 10
LNBUT=I-1 ;G0 TJO 11
CONTINUE :
CONTINUE

CARITE(69106) (NOUT(K)sK=1sLNOUT)

EORMAT(' INPUT TYTLE UF #',2013)
READ(55107) (IP(I):I“l:lO)
FORMAT(10A8)

ﬂﬁLL SYMBUL(O-QO.70-5)19(1)50-75)

)0 3 [=2,7

ZALL SYMBOL(S52S50+351P(1)20.28)
CONTINUE ~

CALL PLOT(OQ!Z."B)

JALL AXIS(0ea0ar TENERGY ' s=62XMAX»0esET>DX)
CJALL AXIS(0e20,9'LDAS"543Y4AX3904202DY)
) 4 T=14NN
R(I1)=0,.
DO 5 K=1,LNOUT
ROI)=R(I)=-RM(IaNOUT(K))
IF(R(I)ea3T4206) RC[)=20
CONTINYE v
ZALL LINE(C,R)NR,I:Q:O)
CALL PLOT(XMAXZ23=2e35-3)
i TO. 2 : :
CONTINUE
ZALL PLOTV
3TOP SEND

B

JF Al402¢1.FORTLIST END
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2ROGRAM OHCL ‘

[NPLICIT COMPLEX#8 (3sVaZ)
SOIMMONZARRAYS/S(40540)5Y(9959203)92(173545)

SOMMON/NATINSZ MNATOAMSs v NK

SOMMONZINFD/Z ANCE0) s JOUT ,
SIMMON/ZINFOL/CZ(40)»U(80)>ULTH(4U) sLLIM(40) sULKsULL» ANLANK
[ITEGER ANaULI13ULK:JLL5CZ:U:ANL»ANK

CALM4 VOIPHVPHZ ,

ZUMMGN/ZVQI PR/ VJIP(Q:lO)aAZ TA(QolO):CUNST:DMl:OMZsVP(4:lO)a

e:- AZP(4510) :

IMMU /PUS/POb(D:lU):bL3AUsTH>PAI:R2:R3

wufﬁdV /H/H(40540)

TOMMON /NC/NC(18)sLC(10)sMC(10)

OMMON /NAN/NARN(&40)

JIMENSION S1(999)

JIMENSION RM(13059)

JIMENSTON Zw 4(4):ZWb(b)9IP4(4)9IP5(5)9bNSS(4:4)sGWZZ4(4s4),
GWZ25(595)5GI5SM1(494)9GD5S(4s4)
VZSD5(594)sVZ2504(424)5VZS01(La4)s
Gddb(lé,lb)’GZZZS(baS):qLZZQ(4’4):622[?5(595)’
GZZZH4 (4, 4)7RUT(999)aRUTl(Q:%)’SD(9a9),} 959)

JATA NAN/33%l/ .

JATA AZHaaAZCLSaAZCLP9AZUS;AZUP:AZSIS:AZSIP

¥ v/ 1le22e356192.038792 24)8a2.2266aloo34431 4284/
JATA EHSHECLSH»ECLPS»EISHEDPIESISHESIP
* /13e6925:2731347023203321580914.8327. 73/
JATA AU/052916/5P0S/93%0¢/3ROT/BL%06/
JATA ROT1/04590430420+8366050459=00 40329-0 70717"0 2887
3 0»5:—0 408220, /071» -0 288?)0 550 810530.9- 2887/
5 CONTINUE o
_ READ(55100) MUDL:IbS;DHo:DAb:COQbTaRHAX
100 FORMAT(21134F1040)
JRITE(62107) MDUE:Ida:DHu,DAS:CUNST,hMAX
197 FIRMAT(? MODE:IBS:DH:»DA57CUNST’nMAX"7213:4F10 3)
IF(IBS.EQs1) GO TO 120 :
REWIND 26 5360 TO 121
120 REWIND 22
121 CJONTINUE
{ATOMS=3 ‘
—————— SET-UpP sD AND HD-~*-~~
ZALL COEFFT ,
~~~~~ -INITIALIZE VOIP ARD AZcTAm====-~-
PJIS(351)=0DHS/AU PUS(3+2)=DAS/AU
CANCLY=1 AN(2)=8 3AN(3)=14
JOAIP(1y1)=EHS SAZETA(l:1)=AZHS
JIIP(122)=EQS SAZETA(L1s2)=AZ208
JIIP(2+2)=E0P 3AZETA(2s2)=AZ0P
JIIP(1+3)=ESIS SAZETA(123)=AZS1S
JOIP(223)=ESIP SAZETA(2:3)=AZSIP
30 TO (11711911’12912115),MUDE
12 ZONTINUE
W(2)=17
WAIP(152)=ECLS SAZETA(1»2)=AZCLS
JOIP(2+2)=ECLP 3AZETA(252)=AZCLP
: 30 70 11 ‘ .
13 ZONTINUE
\W(2)=9
J]IP(lac)—+O 12 ,AZLTA(la?) 2-56&6

ALI=97 oo e 1081

N A st
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110600
110700

0110900

JOIP(252)=32.33 5AZETA(2>2)=2+5500
ZONTIHUE 8 .

CALL INTGS(RMAX>1)

R CALCULATION OF H MATRIX---=-=--

410
409
408
20

22

M,
w

J0 408 K=1aNATOMS

JJ 408 L=K,NATOMS
LLK=LLIM(K)
LLL=LLIMCL)
ULK=ULIM(K)
ULL=ULIM(L)
NORBK=ULK=LLK+1
NORBL=ULL-LLL+1
DO 409 I=1sNORBK
DO 409 J=1sNORBL
LLKP=LLK+[=-1
LLLP=LLL+J-1
LCI=LC(I)+1
LCJ=LC(U)+1
IF(LLKPEQsLLLP) GO TO 410
H(LLKP:LLLP)‘-S(LLKPyLLLP)n(VOIP(LCI:K)+VOIP(LCJ:L))
CONST/2
30 TO 4009
J(LLKPsLLKP) ==VOIP(LCI»K)
CONTINUE
CONTINUE
JO 20 =199
13 20 J=1199
S(J2[)=5(1sJ)
CONTINUE
JJ 21 I1=199
J0 21 J=1»9
31(12J)=S(1>J) B
30 TO (22&22a22’26:20726)7MUD&
CONTINUE
ZALL INTGS(RMAX:Z)
JO 24 J=259 '
JO 24 1=299
ACI9J)=5(15J)
30 70 26
J) 27 =119
)3 27 J=1-9
(I 1)=H(I»J) ‘ : :
ZALL RHMAT(S2'S = '540391959)

- CALL RMAT(H»'H 19403935959)

Co=====TRANSFORMAT [ ON======~
30 30 1215

010800

32

ROT(IsI)=1.,
J0 31 J=1s4
D0 31 I=14
ROT(I+52J+5)=ROT1(IsJ)
CALL RARITE(ROT»'ROT  12929,9)
)0 32 J=1s9
20 32 1=1»9
- SD(I9J)=0e 3HD(I9J)=0o
10 32 K=1139 T
)0 32 L=199 : :
SD(IsJ)=SD(I2J)+ROUT(L2IINSL(LIKIHRAT(KsJ)
 HD(Iad)=HD(TaJ)+ROT (L 1) 3tH (LK) #¥RUT(KsJ)
CALL RWRITE(SD»'SD 1999945)
CALL RNRIT:(HD;'HD 19929,9)

Creum=—— Sz]lemmmm ™

40

)0 40 J=199
JO0 40 1=1»9

SD(IsJ)=0.
0 41 [=1+9

al-7y 192




41 SD(Is»1)=1,

IRITE(698) _ - :
8 FORMAT (' INPUT EIlsEFsDE>DELTASEPSG IN 5F10.0")

ZI==11e 3EF=-0413DF=0e1 DELTA=0.04 EPSG=0.05

READ(559) DEIsDEFSDDEDUDELTASDERSG
9 FIRMAT(5F10.0)

[F(DEl «NEwDe) EI=DE]

[Fr(DEF4NE«O+) EF=0EF

IF(DDE+NE«Q.) DE=DDE

IF(DDELTANEL,0«) DELTA=DDELTA

IF(DEPSGNE.QOe) EPSG=DEPSG

N=(EF-E1+0,01)/DE 3NN=HNN+1

IF(IB5.EQe2) GO TO 103

REWIND 22

[SKIP=(E]=(~11.)+0, Ul)/DE

[F(ISKIP+EQ.0) GO TO 103

JO 104 1=1,ISKIP

SALL TREAD(GHBR)

104 CZONTINUE

103 ZONTINUE
READ(55105) 10UT

105 FORMAT(13)
£=EI1-DE 3NUME=0

~~~~=<CHANGE ENERGE-=--=~~-
1 NUME=NUME+1
TZE+DE ,
[F(E«GT-EF+0,1%DE) GO TO 3
LE=CMPLX(ESDELTA)
—————— READ-IN GDSS=~=~--
230 TO (51952)s5185

51 ZALL TREAD(uBBB)

. )0 56 J=194
20 56 I=1s4

56 GDSS(I2J)=GRBB(I1sJ)..

: 30 To 57

52 READ(R26) ((bDSS(IsJ)’I 174)3J 194)

57 CONTINUE -

)0 58 J= 134

-J) 58 I=194
58 GDSSMI(I)J) GDSS(I:J)
CALL CINV(GDSSM1ls490949491.D- l@sZDET:Zh4’IP4sNSTOP)
: 30 TO (60’70980a70960,70)’M0DL ‘
Commmm +~HYDROGEN===== - ‘
50 ZINTINUE :
20 61 I=1s4 ‘

61  VZSD1(ls1)=HD(laI+5)=ZEX*SD(1la2]+5)
322Z1=1+/(ZE-HD(121)) A
IF(IOUTeEQel s ANDoNUMELEQL1)

¥ ARITE(65106) (VZSD1l(ls]l)s]= 1’4):62221
106 FORMAT(' VZSD1>GZZZ1='510F8,3) :
J3 62 J=124
J) 62 1=1s4

62 GWSS (I J)=GDSSMLI(I2J)=VZSD1(15I)%GZZZ1%#VZSD1(1sJ)
SALL CINV(f¥55749074:431 D=143ZDET»ZW4»IP4sNSTOP)
Q222M1=1./G2221
3NZ21=GZZIM1
2] 63 J=1s4
JJ 63 =194

63 GWZZ1=GWZZ21-V2SD1(1s1)} GDSS(I:J)*VZSDl(l’J)
34221=1/GWZZ1 |
{RITE(6364) E?GWZZI:(GWSS(I}I))I 134)

- 654 FORMAT(1H »911F8.3/1H4 »10F8,3)
JMINUME»1) = AIMAG(GNZZI) '
) 67 1=1s4

57 RA(NUMEs»I+1)= AIMAG(waS(I:I)) : 1{33 ;
3) TO 1 S 31
AT | L ' |




16600 C—-Z—I'—~~“1ATRIX folamT el

70 ZONTINUE '
CALL RWRITE(HDs 'HD 195959,9)
ZALL RWRITE(SDs'SD ~  1'395959)
) 71 J=19+4
JJ 71 I=194
71 VZSD4G (T sd)=HAD(1+1sJ+5)~ZERSD(I+1sJd+5)
Jd 72 J=14 '
D20 72 1=134
72 GZ2ZZ24(1sJ)=2E% DD(1+1?J+1)’HD(I+1’J+1)
CIF(I0UTeEQel yANDWNUMESEWSL)
% CALL- CNRIT:(VZsu4s'VZDU@'a4a4s4)
[FOIOUTSEQel e ANDaNUMESERLL)
# CALL CWRITE(GZZZ4s'GLZZ24M1"343494)
ZALL CINV(GZZZ4;4&O:4:431 D~149Z0ET»2A4s1P4sNSTOP)
D3 73 J=124%
JJ 73 I=11+¢4 ‘
GWSS(IsJ)=GDSSMLI(I2J)
JA 73 K=1s4%
J) 73 L=1s4 ,
73 GWSS(IsJ)=GWSS(I2J)~VZSD4 (L [)HGZZ24(LyK)HVZSD4(KsJ)
CALL CINV(3WSS»490349491e0-143ZDET22wW421P4sNSTOP)
DI 74 J=1s4
JI 74 1=1s4 -
74 GZZZA4(12J)=GZ2224(1J)
ZALL CINV(GZZZM49450543451,0- 14!ZDETQZW4$ID4:NSTUP)
JJ 75 J=1s4%
20 75 [=194
GWZZ24(1sJ)= GZZZP4(I’J)

0 75 K=ls4 I ' | o

. JI 75 L=124 :

75 GWZZ4(I?J)-GWZZQ(I’J) VZbD4(I,L)&bUSb(L’K) tVZSD4(JaK)
ZALL CINV(GWZZ434909494314D=142ZDET2ZW4»1P4sNSTOP)
CARLTE(6976) Es(GWZZ4(1al)s 1= 194),(GWSS(I’I):I 1:4)

76 FORMAT(1H »11F8.3/1H alOFd 3)

20 77 1=194

IM(NUME s 1) =AIMAG(GWZ24(1>1)
77 IM(NUME»1+4)= AlMAu(GNSo(I I
‘ 30 TO 1

=== =MATRIX Bmm=mm===

- 80 CONTINUE

~ 20 81 J=1s4
J0 81 =155

31 VZSDS(IaJ)=HD(I7J+5)“ZE*SD(I:J+5)

0 J0 B2 J=195 :

)
)

J0 82 =125 - =
32 GZZZ5(19J)=ZE#SD(I»J)~HD(IsJ)
[IF(IOUT+EQeal ANDaNUMEJEQal)
3¢ CALL CNRITE(VZSUS"V7SD5':5,4:4)
JF(IOUT+EQela AND e NUMESEQSL)
3 CALL CNRITC(GZL&b"UZZZle'!J$q55) ‘
CALL CINV(GZZZ53590359591«D= l4aZDET,ZN5 IP5sNSTOP)
D0 €3 J=194
JQ 83 I=1%4
GWSS(Iad)= GDhoMl(I,J)
)J 83 K=195
JD 83 L=1s5 :
83 GWSS(1sJ)=GWSS(IsJ)~ VLSDS(L’I) (GZZZ5(LsK)#VZSD5{(KaJ)
CALL CINV(GN;S,4:094:4,1 0= 1472DLT72N4$1P4:N5TOP>
30 84 J=1s5 « .
JO 84 [=195 -~
34 GZZZM5(1sd)= GZZZS(I?J) :
CALL CINV(GZ2ZZ15955035952140~ 149ZDtT’ZW5?IP5:NSTOP)
)3 85 J=115 , .
)] 85 I=125 .
GWZ25(12J)= 611145(17J)

Al-(00

fpunank
LD
RS




)JJ 85 K=1s4
JJ 85 L=1s4"

QWZZ5(19J)=GWZ25(]sJ)~ VZSDS(I,L)%QDSS(L,K) tVZS05(JsK) :
CALL CINV(GWZZ555505555314D~145ZDET2>ZW59IP5sNSTAP) b
4?175(6:86) Es(GWZZS(I:I)’l—l:5)$(b'Sb(IaI)’I-l’Q)

FIRMAT(LH 511F8.3/1H s10F8,3)

JJ 87 1=155
VHINUME» T ) =AIMAG(GWZ25(I»1))
J) 88 I=134

RA(NUMES [+5) = AIHAG(UNSS(I’I))
30 T0 1

’JNTINUE

IRITE(C30) ((?N(uUIEyl)al 199)’HUﬂC 1sin)
3 TO 5
- ZAD ,
SUBROUTINE INTIS(RMAX2IP)
SOMMON/ARRAYS/5(40940)9Y(93559203)52(17945)
COMMON/ZNATAOMS/ NATCHMSaN2NK
COMMON/ZINFO/Z AN(40) s §0UT
OMMDN/INFDl/CZ(40)ad(80)9ULIM(QO)aLLIM(4D):ULK?ULL&ANL:ANK
CIMMON/GAB/T(959) 2PAIRS(999) s TEMP(999)9C1(3)3C2(3)
CIMMON/ZAUXINT/ZA(LI?)s8(17)
ZOMMON/ZVOIPRY/ VDIP(4$10):AZETA<4:lO)3C0N3T30M130M2>VP(4910)s
¥ AZP(4510)
COMMON /POS/POS(3210)9BLsAU»>THIPALsR29R3
JOMMON /NC/NC(lb)’LC(lO)v”C(lO)
ZOMMON /NAN/NAN(40)
JIMENSION P(80s80)
JIMENSTON E(3)2Q(40) ' ‘ . « : ‘ R o
CIZQUIVALENCE (P(l)aY(1l)) ‘ A o
INTEGER ANaULIM:ULkadLLvCZ:U ANL:ANK
- - )EBUG»SUBCHK
C-=-=~=)ETERMINATION OF SIZE OF A0 BASIS IN AWD CORE CHARGE cz
CALL RWRITE(POS»>'POS '33510510)
ZALL RWRITE(VOIP»'WOIP '94510510)
JALL RNRIT:(AZzTH:'AZETA"4 10310)
RIMAX=99,
ZALL MAKEDN(I:S)
=0
JO 60 I= laVATO49
LLIM(I) = N+1
{=1
IF (AN(I) LT ll) G0 TD 20
1=N+4
2= AN(I)“lO L : : A
30 To 50 : _ -
IF (ANCI)sLT+3) GO T 40 ‘ S
{=N+4
JZC1) = AN(I)=2
33 TO 50
{=N+1
2Z(1)= ANCI)
CONTINUYE
JLIMCT) = N N
CONTINUE . ,
\bSIGNMtNT OF ANGULAR MUPtNTUM QUANTUM NUS. T0 ATDMIC URBITALS
LC(1)=0 : ,
LC(E)-l
LC(3)=1
ﬁOQOO LC(4)=1
131000 O LC(5)=2
131100 LC(b)=2 "
fEIZOO - LC(7)=2
31300 LC(8)=2
Pleoo 0 LCe9r=2




0031500 1C(1)=0 T )

1C(2)=1
1C(3)==1 _
1C(4)=0 I
1C(5)=0
1IC(6)=1
1C(7)==1
12(8)=2
1C(9)==2

Cmmmm- FILL U ARRAY--=U(J) JOENTIFIES THE ATOM TO WHICH ORBITAL J IS

Cmm=m= \TTACHED E.G., ORBITAL 32 ATTACHED TO ATOM 7» ETCe

Crmmmm ASSIGNMENT OF OXBITAL EXPONENTS TO ATOMS 38Y SLATERS RULES
: JC(8)=2 3NC(14)=3 3aC(l)=1 sNC(17)=3 :NC(Q) 2 :
) 92 K=1sNATOMS |
LLK=LLIM(K)
JLK=ULIM(K)
ANK=AN(K)
{IRBK=ULK-LLK+1
)0 92 I=13NORBK
LLKP=LLK+]~1
LCZETA=LC(]) +1
I(LLKP) = AZETA(LCZLTA,&)
. JOLLKP) =K
22 CONTINYE
~~~~~ STEP THRU PAIRS OF ATOMS
LK1=1 .
IF(IP.EQ. 1) GO TO ¢3
- KKl1l=2
93 ZONTINUE o o ‘ ‘ ,
J0 320 K= KKl,NATUMS o CoLE 7 T e
JO 320 L=KsNATOMS ’ ‘ _ S - o
JO 100 I=1,3
- C1CI)=P0S(IsK) ,
100 Z2(I1)=P0OSC(I>sL) -
C=====-CALCULATE UNIT VECTIR ALONG INTERATDM AXISSE
- JALL RELVEC(R»EsClsC2)
TF(R+GTaRMAX) GO TO 320

133300
133400

LLK = LLIM(K)
CLLL = LkIMcL)
JLK = ULTM(K)
JLL = ULTM(L)

NIRBK=ULK=LLK+1
;40RBL=ULL'LLL+1‘
ANK=AN(K)
, \VL ANCL)
''''' LOOP THRU PAIRS OF BASIS FUJCTIUNS: DNt ON EACH ATOM
)0 200 I=1sNORBK
J0 200 J=1»NORBL
IF(K.EQeL) GO TO 160
110 IF(MCCI) S NESMC(J)) GO TO 1590
120 IF(MCCI)LLT«0) GO TU 140
LLKP=LLK+I-1 sLLLP=LLL+J~1 .

130 PAIRS(IsJ)= SART((Q(LLKP)¥R) 33t (2%NCCANK) +1) 3% (@(LLLP)éR)nu(ZANC
1)+1)/(FACT(2¥NCCANK) I#FACT(2%NCCANL) ) ) )% (=14D0 )36 (LC(J)+MC(J))
2455 (NC(ANK)Y s LCCTI ) aMC(T)aNC(ANL) sLCCJ)»Q(LLKP)#RsQ(LLLP)*R)

[F(IP«EQ,1) GO TO 190 . o ;
PAIRS(IsU)= HH(ANK:LC(I) MC(T)sANLSLC(J)sRaNAN(K) s NANCL))
33 70 190 : : '
140 PAIRS(IsJ)= PAIRb(I 1sJ-1)
30 TO 190

150 PAIRS(I2J)=0,000

: ad T0 190 - .

160 IF (1.EQ.J) GO TO 170

180 QAIRS(I15J)=0,0D0 .

| 30 TO 190 .
1038000 170 2AIRS(I5J)=140D0

CArmses 196



171
190
270

- -

230

—— -

IF(IP«EQsL) GO TO 190

[F(MCCI)eLT40) GO TO 171

APAIRS(I9J)= HH(AVK!LC(I)’MC(1)sANL’LC(J)’R?NAN(K),NAN(L))
10 TO 190

PATRS(15J)=PAIRS(I~-15J-1)

CINTINUE

CIOANTINUE

LCULK=LC(NORBK)

LCULL=LC(NIREBL)

JAXL=MAXO (LCULKsLCULL)

IF(Re GT+0000001D0) GO TO 220

30 70 250

ROTATE INTEGRALS FR34 DIATOMIC BASIS TO MOLECULAR 'ASIS
CALL HARMTR(TsMAXLsE) ,

)J 230 I=1,NORBK

) 230 J=1-NOR3BL

TEMP(IsJ) = 0.D0

23 230 KK=1,NORAEL -

TEMP(IsJ) = TE1P(I!J)*T(J’KK)MPAIRS(I,KK)

CONTINYE

1Y 240 I=1snNURBK

}J 240 J=1sNDRBL

AATRS(I9J) = 0400

JJ 240 KK=1sNIRBK

IAIRS(IsJ) = PAIRS(IaJ)+T(I:KK)%TENP(KK:J)

CONTINUE

FILL S MATRIX

CONTINUE S

10 260 I=1sNORBK . ‘ :

LLKP=LLK+I=-1 ' : ' . L

-~ 260 J=1,NORBL -

2560
320
330

LLLP=LLL+J-1
SCLLRPsLLLP)Y = PAIRS(IsJ)

CONTINUE.

CONTINUE

RETURN

END
¥ AL40241.FORT LIST END

| - 197
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0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
10013200
1400
001500
1001600
101700
01800
001900
002000
002100
002200
1002300

1003000
1103100
1003200
0103300
003400
1003500
003600

1103800

003700

200H SYMBOLIZ LISTING

SIGEED

- -

- -

"COMPUTER CENTREs UNIVERSITY OF TOKYO

JF AL40241«FORT

JROGRAM SIGEED

[MPLICIT COMPLEX#8 (GsVsZ)
SIMMONZARRAYS/ZS5(40540)3Y(9559203)9A2(17945)
COMMON /PUS/PO3(3910)3B8LsAUsTHIPALSR29K3
SOMMON /H/H(40940)

JIMENSION GYYY(dab):uSThSS(4a4)9v5Y(4:O),GD55(4s4)3ZW4(4)’

IP4C4) »GDSSMI(494)
JATA AU/ .529167/5PA1/3.141592/3BL/1.61/

IRITE(658) | .
FORMAT (' IHPUT EI1»EF»DE,DELTASEPSG IN 5F10.01)
I1=-545 jEF==3.6 3DE=0.1 3DELTA=0.04 3EPSG=0,05

READ(5,9) DEI:UEF!DDE:DUFL]A:DLPSG
FORMAT(5F10.0)

[F(DET+NE«DW) EI=DEI

IF(DEFWsNE«0.) EF=DEF

IF(DDE«NE«QOs) DE=UDE
IF(DDELTA«NELQe) DELTA= DDELTA
[F(DEPSG.NEQ) EPSG=DEPSG
IPSG=EPSG
INZ(EF-E1+0. 01)/Dt
SET UP § AND
CALL SHBAB(IANS)
JJ 6 J=1s4 '
) 6 I=1-+4 .
1(Is0+20)=0.
1(I+209J)=0a

.ALL RWRITE(Hs 'H

ey -

3 AN=NN+L

e - e v - -

1540540510)

)0 420 J=1s4

0 420 I=1s4

-

. - -

- . -

- —— -

-CALCULATE GSTRS5>GOSSM1

VSY(I9U)=0.

VEY(1aJ+4)=H(1+205J+16)
ZALL CWRITE(VSY»'VSY '54,858)
~SCANNING OF ENERGY====~
z=EI=DE 3SNUME=0 '
CHANGE ENERGY
JUME=NUME+1
Z=E+DE ‘
[F(EeGT«EF+0.1%DE)
JELTA=DELTA
ZEzE+(Qasl¢)%DELTA
READ-IN GEEO(GQYYY)
READ(23) ((GYYY(I:J)’J Ia8)s[ 1:8)
J0 410 I=1s7
[1=1+1
)0 410 J=11.8
SYYY(JsI)=GYYY(Isd)
CALL Cd?ITC(bYYY"G(YY
READ-IN GDSS
REAG(26) ((GDSS(I,J)’I—lsQ)’J 1s4)
CALL CWRITE(GDSS»'GOSS  '349454)

L nd

- -

G0 TO 2

— —— -

'965898)

- L )

JO 431 "J=1s4.

J0 431 1=1:4
30SSM1(15J)=GDSS(1sd)
VQLL CINV(GDSSM12450942491,0~ l@?ZDET22d49IP43NbTOP)
JALL CNRITE(GDSDJI"GJhSMl"494 4)

A0 440 J=1 :
ey 199




207440 1214
GSTRSS(1sJ)=GDSSM1(1sJ)

06100 )3 440 K=1,8

06200 J3 440 LL=1.8 :

06300 44Q GSTRSS(IsJ)= uaTRSD(I:J)'VSY(I:L)nGYYY(LaK) tVSY(JsK)

06400 C TALL CARITE(G3TRSSs'"33TRSS'349494)

£6500 IALL CINV(GSTRSSs450542451,.0~- 143 2DET»ZW4 s IP4sNSTOP)

06600 © JRITE(63441) Es(GSTR3S(I»1)s1=154)

06700 441 FORMAT(LIH +9F10.3)

06800 30 TO 40

06900 2 3TOP 3SEND

SIGEEU JF Al402¢I.FCRT LIST E®D
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7.78

1.4284

169

4¢3

2s+1
b

180,

COMPUTER CENTRE» UNIVERSITY OF TOKYOD

A1402. [ +FORT

Oel 04064
2946 o 12.7
22460 2,227
245
6.0 '

241 2¢9

AL&02+1.FORT LIST END

DATE 8}




‘»%
4
%
i
.

% ) .
%200H SYM3OLIZ LISTING CDﬁPUTvH CENTREs UwIVERSITY OF TUKYD DATE 8§

!
o
.
ﬁ
-
o

JF AL40241.FORT

[APLICIT COMPLEX*8 (3s5V>Z)
’JMMUN/ARRAYS/D(QOs+J):Y(9s5 203)9AZ(17245)

100400 TM0N /POS/POS(3510)»BLyAUSTHIPATIR29R3

00500 ,)waow /H/HA(40540)

10000600 : JIMENSIGN anS(+:+)’JOSbM1(4:4):VSu(4:4)$Z44(4),IP4(4)’

WE AK
G Bonmme——" .
90100 JROGRAM WEAK
00200
00300
400

000700 % ' GASS(434) 53000 4,4)
JE0D )IMENSTON RUT(4s4)
00900 YIMENSION AD(%94) ,
01000 ' JATA AU/ .B523167/3PA1/3,1415G2/9BL/1061/
01100 ARITE(6+8)
01200 8 FIRMAT(' 14PUT EI2EF20ESDELTAPEPSG I 5F10.01")
01300 2I=~5,5 jEF==345 30c=0.1 30cLTA=0«04 3EPSG=0,05
01400 READ(559) DEIsDEFsDOESDUELTA»DCPSG
61500 9 FORMAT(5F10.0)
01600 ' [F(DEI«NEeQW) EI=0EI
01700 [F(DEFeNEeds) EF=DEF
01800 IF(DOENEsQa) DE=0DRE
01900 IF(DODELTA«NELDe) DELTA=DDELTA
02000 IF(DEPSG,NE.Qs) EPSG=DEPSG
02100 ZPSG=EPSG L -
02200 IN=(EF=-EI+0«01)/DE 5SHN=NN+1 ; K ; v .
:WOZBDO C-é—~-~oET UP S AND H""ﬁ“"“‘ : : ‘ N o .
62400 CCALL "SHBAB(1AN5)
02500 C--—===~MAKE VSQr-=aw==~- '
1002600 V READ (55451 ). RX:RYshZ
1002700 451 FORMAT(3F10.,0)
1002800 . JALL RJTAT(RA:RY’KZvRUT)
1002900 00 452 1=1s4
1603000 )0 452 J=ly4
1003100 452 4D(1sJ)= H(I+20:J+la) L
003200 . CALL RARITE(HDs 'HD Vabsbaty)
1003300 C CALL RNRITt(RDT;'nhT Va4 4444)
003400 JO 454 I=1y4 ,
1003500 0 454 J=1s4
1003600 VSO(I1sJ)=0, ,
1003700 ' i) 454 K=ls4 ,
10038300 454 VSO(]sJ)= VoU(I3J)+d(I+209K+16)¥RUT(h’J)
003900 CALL CWRITE(YVSO,'VSQO Yabydad)
004000 Cr=mw=m ~SCANNING OF ENERQY=m==~=
004100 E=EI=-DE 3$NUME=0
004200 C==r=~ ~CHANGE ENERGY======
0043200 40 JUME=NUME+1
004400 -=E+DE
004500 ‘ IF(E«GTWEF+0,13%DE) GO TU 2
004600 JELTA=DELTA |
0104700 Com=====READ-IN GDSS==---
104800 READ(26) ((UDSD(I’J))I 1s4)sJ=154)
004900 Cr=~=mm SET G000 AND GDSSHMl=---=
005000 )0 431 J=1s4
005100 )0 431 I=1,4
005200 431 32SSM1(l.J)= uba¢(I:J)
005300 CALL CINV(5DS5M12490942431 4D~ 14:ZDET72W4,IP43NSTDP)
105400 . IEAD(23) ((GUOOC(I2d)»J= 1,4)71-1,4)

Comm—m=m= CALCULATE GuSS~===w=~
JO 440 J=1-4
) 440 1=z1,4
INSS(Iad)= GJ5541(I’J) . .
/}/"/DS" R A : ’ O)

05800



1009500
We9600
1609700
1609300
1009900
1610000
1010100
1610200
610300
010400

~10700
1010800
010900
011000
011100
011200
011300
011400
111500
011600
011700

112300
112400

00094060

N

-

11

D 440 K=1s4

1) 440 L=zly4

INSS(IsJ)=GWSS(Iad)=ySO(T L) #GO00(LIK)#VSO(JsK) v .
CALL CINV(AWSS3430249431eD~1437ZDET 22045 1P4>NSTUP) i
IRTTEC(A2441) Es (GWSS(1sI)sl=134)

FIRMAT(IH 29F10+3)

30 TO 40 :

sTOP SEND

3UBROUTINE ROTAT(RX:RYsQZvHUT)

JIMENSTON T(454)sRKOTU(454)3R0T(434)

~AAKE TX#TYH#TZ AHICH 1S TO BE MULTIPLIED FROM RIGHT GOF SUOMETHIA
IANT=3414159%2

(ZRXGPAT/1304 5Y=HYXPAI/180. >2=RZ¥PAI/180,

~RESET RQT====~ '

J3 50 I=1924 '

0 50 J=194

RIT(I»J)=0,

J3 51 [=1s4

RATCIsI)=1, :

==X AKIS RITATION====m==m~

[F(XeEQe0a) GO TU 20

JJ 11 J=1»4

Jo 11 I—194

[(1sd)= 09 :

[(ls1)=1, 3T(292)=1.

3X=SIN(X) 3CX=C0OS(X)

S T(353)=CX 3T(334)=~3%

- -

- - -

T(423)=5X 3T(4,4)=CX
)9 12 J=114

D0 12 1=194

- ROTD(I»>J)=0.

1) 12 X=19%4 o
RWATD(I»d)= RJTD(I:J)*QUT(I9K) tT(Ksd)
)0 13 =194 S
JJ 13 J=114

ROTCI»J)=RIATLCISJ) o

-Y AXIS ROTATION======== E
[F(YeEQeQe) GO TD 3U .

20 21 J=1s4

J0 21 I=1s4

[(IsJ)=0.

CT(191)=1, 3T(353)=1.

5Y=SINCY) 3CY=CQOS(Y)
T(252)=CY 3T(254)=5Y
T(452)=-SY 3T (4y4)=CY
J3 22 J=1s4 '
JJ 22 I=124
GTD(]’J)*O-
JO 22 K=1s4
RWATO(IsJ) = RJTD(I;J)+%DT(I;K)cT(K:J)
10 23 =14 '
23 23 J=1x4%
RIAT( L9 ) =ROTDCI s J)
-2 AXIS ROTATION========~

1F(Z.+EQe0.) GO TO 40 .

) 31 =14

JO. 31 I=114

[(IsJ)=0,

T(lo1)=1, 35T(4924)=1,

32=SIN(2) 3CZ2=C0S8(Z) ..

[(2+2)=Cz ,T(293)--bl

[(392)=5SZ 3T(353)=CZ

0 32 J=114

JO 32 1=1%4

RATO(Tad)=0. . : :

JO 32 K=194 ‘ )
e, ap3




32

33

RITD(I5J)=ROTD( 19 J)+ROT(IK)I#T(KsJ)
JJ 33 I=194

)3 33 J=1s4

RATC I 9J)=RITD(I 1)

RETURN SEND

JF Al402.1.FORT LIST END
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-200H SYMBILIZ LISTING

COMPUTER CENTREs UNWIVERSITY OF TOKYO

DWEAK JF Al40241.FORT

0000100 =55 =3,6 0.1 004
0000200 14,95 - 7478 29406 12.7
000300 1,6344 144284 2.2460  2.227
1000400 »87 1469 2.5

000500 2.5 443 60
0000600 1434 2.1 2.1 2+9

000700 8 0. .6 L

000800 ‘

100900

001000

01100 180. 0.0

01200 0, 30 Qs
§R  DWEAK JF Al402.1.FORT LIST END

Al=11)

005

DATE ¢




0000100

?000300

‘*L006oo
600700

40001000
001700
001200
001300
0001400
10001500
10001600
10001700
16001800
i
I

10001900
10002000

10002400
vwoozsoo
10002600

10002700
10002800

10002900

10003000 -

0003100
;0003200
10003300
0003400
10003500
10003600
0003700
90003300
03900
10004000
0004100
004200
0004300
0004400
0004500
10004600

0004700

‘W004800
0004900
f0005000
0005100
10005200
10005300
0005400
Hoos500
0005600

1000200

w023oo'

%W WEAKS

YA

"

)ATA AU/ 45
IRITE(69+8)
INPUT EI1sEF>DEsDELTASEPSG IN 5F1040")
3EPSG=0,05

8

CAN=(EF-ET+0,01)/0DE 5NN=

- - -

- -

B
Ul |
[

£
Ul
H

JALL POSRAOT(RX>RYsRZ» 5L’AU5TVEC1’P051:RUT)
)0 452 I=1y4
)0 452 J=1ls4
=ROT(I»d>r1)
)0 453 I=114
20 453 J=ls4
T(I,J) 0o
30 453 K=1s4

- - -

R

— -

p-200H SYMBJLIZ LISTING

COMPUTER CENTREs UNIVERSITY OF TOKYO

JF A1402.1.FORT

IRDGRAM WEAKS

[MPLICIT COMPLEX*8 (Ga2VaZ)

COMMON/ARRAYS/3(40540)5Y(9,55203)9A2(17345)
SIMMON /POS/POS(3516) sBLsAU» THaPAISR29R3

COMMON /H/H(40240)

)IMENSIDN

SDSS(494) 3GDSSML(4o4) sVSS(4ak) s ZWA(4) 2 IP4(4)
GaSS (494 )9353B55(4e4)

DATE

)IMENbION TVECl(z))PUal(3;4)7&UT(4:4:4)’RDT1(4’4)9ROT2(4:4)3

FORMAT (!

Zl==5,5 j;EF==-3.6 0&=0,
READ(599) DEI»DEF2DDE> DDELTA:DEPSG
FORMAT (5F10.0)
[F(DETNE«Qs) EI=DEI
IF (DEF o NE+Da) EF=DEF
[F(DDE«NE«Q,) DE=DDEL
[F(DDELTA#NE.Ow) DELTA=DDELTA
[F(DEPSG.NE. 09) EPSG= DEPSG

ZPSG=EPSG

T(434)>HD(494)
29167/5PA1/3.141592/5BL/ 1461/

1 3DELTA=0.04

NN+1~'

~SET UP S AND H==----- |
CALL SHBAB(IANS)

~MAKE VSS-~
ZALL PJSRUT(O.aO.:O.:oL:AU;TVECl,PDSIaRDT)
)0 450 I=1,4 |

)0 450 J=1ls4

- e - -

RATL(T9J)=ROT(I>J>1) .

READ(59451) RX:?Y:RZ

FORMAT(3F1040)

20T2<1,J)

T(IsJ)aT(IaJ)+RDT1(KsI)XRDTZ(K;J).

)0 455 I=1»4
D 455 J=1s4

1D(L5J)=H(I+205J)

JO 454 1=154
1)) 454 J=1s4
J5S(19J)=0,
JO 454 K=1s4

JSS(1sJ)= VaS(IyJ)+HD(IaK)nT(K’J)‘
IALL CWRITE(YSS»'VSS

~SCANNING OF ENERGY

I=EI-DE 3NUME=0
-CHANGE ENE aGY-~¢-~-

JUME=NUME+1"

S=E+DE

.y - —

Yolbalbak)

IF(E.GT-EF+0,1%DE) GJ TOU 2

JELTA=DELTA
-READ-IN GOSS
((bOSa(I&J)vI 134)’J 1:4)

JEAD(26)

A1 12

e
. — -

0N




14007300
07400
07500
07600

WEAKS

I _SET GBSS AND GDSSMi==s-

- o -

— -

440

441

D0 431 J=ls4

0 431 I=1,4

50SSM1(15J)=GDSS(IsJ) '

CALL CINV(GDSSM124s0s45491, D 1492DETsZW4 s 1P4sNSTOP)
READ(29) ((GRSS(I2J)sJd=ls4)sl=194)

~CALCULATE GWSS=w=====~

00 440 J=1+4 '

)0 440 I=14

FWSS(Iyd)= GOSSHL(13J)

)0 440 K=ls4

0 440 L=1,4

JASS (I 9J)=GWSS(T19J)~ySS(IsL)#GBSS(LaK)RVYSS(JrK)
ZALL CINV(GWSS9420s49431eD- 14aZDETaZw4:IP4,NSTOP)
RITE(69441) Es (GWSS(Is1)sl=124) '

FORMAT(1H »9F10.3)

33 TJ 40

3TOP END

JF Al402¢1.FORT LIST END

L e mm 4. SRR ¥ 4 Loy BN
Al-11s oo ,ffo o




L200H SYMBOLIC LISTING

001100 180« -
001200 0,

DWEAKS

JF

JIF

© COMPUTER

Al402.1,FORT

'3.6
7478
1e4284
1.69
he3
201

0,0

- 30,

"

,ﬂ A/*//Q‘ .

CENTRE»s UNIVERSITY OF TOKYO

004
1247
2227

249

Al402e1.FORT LI13T END
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APPENDIX B

MEASUREMENTS OF THE 8102;BULKWTRAPS

The(preliminary results are discussed on the measurements

of the 8102 bulk traps.

is reported in detail and the results of the photo-depopula-

tion measurement are mentioned briefly.

Metal

The avalanche injection technique

20
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| : .

B-1 PRINCIPLE

Injection 1is carried out by applying AC voltage of the
frequency about MHz to MOS diode made with p-Si substrate. AC
voltage induces avalanche breakdown and the generated electrons
are injected into Si0O,, a part of which are trapped in the 81O,
film. The rate equation which governs ﬁhe trapping

mechanics is expressed as
|l

VLYLT«'(’IIT) d."'ﬁ:}j /\/ ’ -— . i-
= o~ 7o (2> — N (v, 1) B-1
,where n (x,t) is the number of electrons per unit area which

are trapped in the i-th kind of the trap at the location x and
‘time t, jL@ /q is the number of the electrons which pass
"through the Si0; film; ' is the capture cross section of the
i-th kind of the‘trap, and and Ny:(x) is the total number of
the i~-th kind of the trap. Solving this rate équation under the

initial condition of ny;(x,0)=0, we have

g i
Nryex, ¥)= Nty (x)-(1 - ¢ £ ) B-2

On the other hand, letting Cox, tox the capacitance and the
thickness of the Si0 film respectively, the'flat band voltage

is written as

o 5‘ Tox
Vg (1) = —F— 2 O My (1, 4)dx B-3

oxX Aox o £

Substitution of eq. B-2 into eqg. B-3 yields

a(,‘ (Coxdl/ps(‘/)) . _
D 55 g

The following notation are used in obtaining eq. B-4,

T Ny
l J Bfk




Loof 3 Niy

&
7t
XDX o NT} (X)dx —_ (Nﬂ“')_?é,f_
This eq. B-4 is the fundamental equation. The physical

parameters (Ntti)eff and o, are obtained by semilog-plotting
Teff versus Ninj.

Here, the results of trial calculation in which two kinds
of traps are assumed to exist in the Si0, film are shown.
Figure B-1 is the calculated curve of eq. B-3, fig. B-2 is the
semilog plot of fig. B-1l, and fig. B-3 is the calculated curve

Of eq- B_qo

mu--

. -7 .
(1) o= =1x10"'% em?, 03=1x10 = em®, Ntt1=Ntt2=5x10  cm™?

L]

(2) & =1x107 em?, 02 =1x107'7 em?, Nttl=Ntt2=2.5x10' em™
- =1 1! -
18, g2 (3) 07=lx10'y cm?, 073 =1x10 ! cmz, Nttl=Ntt2=5x10  cm ?
-l . A B ) ’2
(1) o7 =1x10""° em?, 03 =1x10 "7 em?, Nttl=Ntt2=2.5x10''cm

2
Ninj (/em™)

. . Fig. B-1 Caldulated curve of vinj versus Ninj
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TFERES

Viaing

tos(lerr)

16

- -17 -
BT (1) 07 =1x10"  cm®, 03 =1x107 ' cm?, Nttl=Ntt2=5x10''cm™2
1) - -
(2) o7 =1x10""° cm?, o5 =1x10""7 cm?, Nttl=Ntt2=2.5x10'' cm >
-18 -17 ‘ -
(3) O7=1x10" " em?, 05 =1x10 ' em?, Nttl=Ntt2=5x10"' cm 2

-5 -17 -
smel(4) 95 =1x107 em?, 03=1x10"" cm?, Nttl=Ntt2=2.5x10'' cm™

1.0 - S

8. 88 4

[X--F - é
8 8 8
. : g 08(Ning) g 8 g
-t - wi - , .
Fig. B-2 Calculated curve of vinj versus log(Ninj)
-3-. !
; | ~16 -7 : '
\ (1) 07=1x10  em?, 0;=1x10"  cm®, Ntt1l=Ntt2=5x10 cm*
- -17 BT,
\ (2) a7 =1x10""% cm?, o7 =1x10""7 em®, Nttl=Ntt2=2.5x10'' cm
"4--2 (3) 07 =1x107"S cm®, oz =1x10" em®, Nttl=Ntt2=5x10"" cm™
§ (4) oy —1x107"* em®, o ~1x10”"7 em?, Ntt1=Ntt2=2.5x10' cm™
i" il
\ 1)
b i
, .
(3)
(4) BSES
- = = e
a 2 ) ' 3 ‘ 2 9. vt i
N (/em )
4 d gy g 3 s

Fig. B-3 Calculated curve of log(f]err) versus Ninj
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B-2 SETUP FOR MEASUREMENT

The main electronic circuit for the measurement is shown
in fig. B-4. It gives the beedback voltage Vinj to the MOS
sample so as to keep the DC component of the avalanche current
constant. Since the feedback voltage ﬁﬁnj equals to the flat
band voltage Vip as shown in Fig. B-5, Vg can be monitored if
Vinj is monitored. In order to monitor and process the data of
'Vinj, a micro-computer system (see fig. B-6) is constructed
because the measuréments are carried out for a long time, say
from 10 min. to 2 hours, and the amount of the data is
enormous. Figure B-7 1is the interface circuilt employed for
connecting the micro-computer wilith the digital voltmeﬁer and

fig. B=-8 1s the program for the data aquisition.

B-3. EXPERIMENTAL RESULTS

The sample used here is 0.5 [ohm.cm] p-Si, which is
oxidized in dry O, at 1000 [°C] and annealed in N, for 30 min.
The thickness of the oxide is 1000 [A] and the area of the
sample 1s 0.36 [mm”]. The frequency used for the avalanche
injection is about 500 [kHz].
The change in the C-V curve as the injection proceeds is
given in fig. B-9. ‘It is seen from this C-V curve and from the
'DLTS experiment‘ (see fig. B-10) that the density of the

interface states increases as the amount of injected electrons
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increases. So that the correction of the effect of the
increased interface states must be considered if the exact
analysis 1s required. But as a preliminary experiment this
effect 1s not taken 1into account 1in the following. The
reproductivity of this measurement 1is good if the sample is
made with the same process as is seen in fig. B-11l., Fugures 12
and 13 .show the measured Vinj(t) and the measured 1og(7eff)
with the theoretical fit where two kinds of traps are assumed
to exist in the Si0, film. The fit is not satisfactory and one
of the reason of this poor fit 1s that there exist morekkinds
of traps in the Si0>;. The correction of the increased interface
states and the consideration of the'more kinds of traps are to
be done as the next step.

The avalanche current versus the avalanche voltage is

plotted in fig. B-14.

B-4. PHOTO-DEPOPULATION MEASUREMENT

Photo—depopulation measurements are carried out by using
1kw Xe lamp and mercury lamp. The sample is first charged up
by the avalanche inJection technigque mentioned above to the
flat band voltage shift of about 5 volts and then exposed to
the' 1ight which includes the photon of the energy up to 6 eV.
The depopulation is done under the zero bias condition. The

flat band voltage 1s measured to know how many electrons are
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excited to the Si0; conduction band and go aWay. No substantial
difference 1s observed between the sample with and wiéhout H
anneal. That is, when the flat band voltage of the sample is
shifted to 5 eV, then the flat band voltage shift after the
bleaching process by the Hg lamp is about 0.1 eV. Since this
shift 1is very small it is difficult to pick up the difference
between the sample with and without H anneal. The fact that
about 98% of the trapped electrons can not be depopulated by
photon although there exlst substantial amount of shallow
levels (ref. 41) suggests that the photo-depopulation techniqu-
€, in the present, 1s not so powerful in determining the
characteristics of the traps in the S10. film from a technologic; 
al viewpoint.

The charging is carried out in the dark and all photo-dep-
opulafion experiment 1s done 1in the liquid nitrogen at the

temperature of 77 {K]. The whole setup ‘is shown in photo B-1.

B-5. CONCLUSION

The avalnche 1injection measurement ia cérried out and is
thought to be a powerful tool in characterizing the electrical-
ly aétive traps in the Si0, film, whereas the photo-depopulati-
on experiment 1is not so useful because about 98% of the
electrically active traps 1in the oxide are inaccessible by

photon.
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o

o
leOOO[A]

Tinj=0.927x10~ [A]

0 é. B 4Vgg [V]
Fig. B-5 Relation between Vpp and ?ﬁnj-
DIGITAL INTERFACE
FROM VOLTMETER F+___
SAMPLE; -
A
TIMING DATA
AUDIO MICRO COMPUTER DIGITAL
CASSETTE AIM-65 CASSETTE
&——| 6502 CPU
16kB RAM & x
PROGRAMS| BASIC ROM '
: DATA
1
DATA (RS232¢) M
PLOTTER YHP 98254 COMPUTER
I),__/” DESKTOP COMPUTER CENTER

(DATA PROCESS)

Fig. B-6 Micro-computer system for the measurement.
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PROGRAM FOR ELECTRON INJECTION MEASUREMENT

(DATA AQUISITION) written in BASIC
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Change in C-V curve as injectilon proceeds.
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Fig.
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~—0.64x1077a lomin  (4Vpg=1.8V)

----- 0.64x1075%4 1omin  (4vpg=0.8V)

~—— BEFORE. INJECTION

I

100 200 300
TEMPERATURE (X)

Fig. B-10 DLTS measuremeht on interface states
for various number of injected electrons

7

I1nj=0.97x10" 'A

Fig. B-1l1 Reproductivity of the measurement. This

figure includes four curves.
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TIME (sec)
Fig. B-12 Measured v&nj-
N
1 ———  EXPERIMENTAL
"‘205 .
raeree  THEORETICAL
assuming two traps
"'300 N )
U‘l=3.OXlO'l6cm2 , <Nttl)ef‘f=9')‘l2X1Ol2/Cm2
-18 2
. 0'2=8.73X10 cm , (Ntt2)eff=l.28xlol3/cm2
A‘i—-l ""305 y
Gy
v
=
t0 - -7
3 1 Iinj 0.97x107 A
~hol T e T
0 5 ' 10 ~

~ Ninj (x1016/cm2)

Fig. B-13 Measured log(7eff) with the theoretical fit

where two kinds of traps are assumed to exist
in S8i0» film.
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Fig. B-14 Avalanche current versus peak avalanche voltage
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Photo. B-1. Setup for avalanche injection and
photodepopulation measurements.
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APPENDIX C USEFUL TABLES AND FIGURES

Some of the useful tables and figures used in this thesis

are llsted only for completion.

Table
Table
Table

C-1. Best values of g for Slater type orbitals.
C-2. Valence Orbital Ionization Potential parameters.

C-3. Electro—negativity.

I

Fig. C-4., TIonicity versus electro-negativity.
' Table C- 1 Best values of £ for the ground state. of neutral atoms.*
s 2 2» 33 T 3 s . u 4p
1.6875
2.6906 0.6396 . cited from
36848 0.9560 -~ E. Clementi et alh J. Chem. Phys.
. . 38, 2686 (1963).
4.6795 1.2881 1.2107
. 5.6721 1.6083 1.5679
6.6651 1.9237 '1.9170
7.6579 22458  2.2266
8.6501 2.5638 2.5500
9.6421 2.8792 2.8792
10.6259 3.2857. . 3.4009 0.8358
11.6089 3.6060 . 3.9129 1.1025 .
12,5910 4.1068 T 44817 1.3724 1.3552
135745 4510049725 16344 | 1.4284
14.5578 4.9125  5.4506 1.8806 °  1.6288
15.5409 5.3144 5.9385 2.1223 1.8273
16.5239 5.7152 6.4966 2.356L . 2.0387
17.5075 6.1152 7.0041 2.5856 - 2.2547
18.4895 6.503L°  7.5136 2.8933 2.5752 0.8738
19.4730 6.8882 8.0207 3.2005 2.8861 1.0995
£ 20.4566 7.2868 8.5273 3.4466 3.1354 1.1581 - 2.3733
21.4409 7.6883 . 9.0324 3.6777 33679 1.2042 2.7138
22.4256 8.0007  9.5364 3.9031 3.5950 . 1.2453 2.9943
23.4138 8.4919 10.0376 4.1226 3.8220 1.2833 3.2522
24,3957 8.8969 105420  4.3393 4.0364 1.3208 3.5094
25.3810 9.2995 = 11.0444 4.5587 4.2593 1.3585 3.7266
26.3668 9.7025 11.5462 4.7141 4.4782 1.3041  3.9513
27.3526 10.1063  12.0476 4.9870 4.6950 1.4277 4.1765
-+ 28.3386 10.5099 12,5485 5.1951 4.9102 1.4606  4.4002
29.3245 - 10.9140 13.0490 54064  5.1231 1.4913 - 4.6261
30.3094 11.2995 13.5454 5.6654 5.4012 1.7667 5.0311 1.5551
31.2937 11.682¢ ~ 14.0411 5.9299 5.6712 2.0109 | 5.4171 1.6951
32.2783 12.0635 14.5368 6.1985 5.9499 2.2360 5.7928 1.8623
| 33.2622 12.442  15.0326 6.4678 6.2350  2.4394 '~ 6.1590 2.0718
34,2471 12.8217 15.5282 6.7395 6.5236 2.6382 6.5197 2.2570
35.2316 13.1990 16.0235 7.0109 6.8114 2.8289 6.8753 2.4423




Table C-2., .VvoIr Isoclectronic Fit Purameters®.

Numher . Standard .
off Confliguration | Ilectron | Devin- Ab n C
Elecetrons tion

1 1s 1s 0.0 109.84 219.2 109.7
2 142 s 0.1 109.82 “301.7 108.4

2 g9 1s 04 100.96 380.8 367.45 .
3 15 2p 1s 0.1 110.15. 467.2 524.8 : -
1 2s 2 0.0 0748 B8 prq 011 numbers in 1000cm
3 14% 29 2y 0.1 27,62 76.0 43,4
4 +(He) 24 29 0.1 27.6+4 100.3 761 Multiplication by
4 (He) 28 2p 2y 0.3 ©7.76 81.3 A
5 He) 252 2p 2y 0.1 27,82 1206 134
5 Enog e 2. 0.3 271, 1.1 122+ 12398 gives the number
6 (Me) 252 22 2y 0.2 27.03 141.6 150.0

6 (He) 25 20 2y 04 | 28,00 141.2 171.0.in eV.
1 (Me) 242 20 23 0.2 28.10 162.2 '206.2
7 (Me) 23 2pt 24 0.1 28,05 103.3 220.0 )
3 (o) 252 2t 2y 03, 2705 | 1846 ss0s, VOIP (q)=Aq®+Bq+C
] (HMe) 242 248 25 0.5 28.07 20,7 323,0

101 (e) 242 2p8 2y 0.1 28,20 227,0 s09° ,where g 1s excess
0 2 2p 0.0 27 .48 54.8 27.4
2 1s 2p 2p 0.1 27.62 i7.8 M6
: 152 3p 2) 0.2 27.74 59.1 ayq Charge.
4 (Te) 25 2p 2 0.2 27,72 97.0. 79.8
4 (He) 22 2p 0.k 27,57 6. #5335
5] (Mo p 2 0.2 -.;7.73 1024 66,75
6 (He)2e 2 2 0.3 28,02 1.1 7.0 J_
5 0 (Hey2p op 0.1 97.95 94,0 1.4 H. Basch et al, Theoret.
i (M) 242 22 2 0.3 27,495 118.2 AR
6 (1) 25 2t 2 04 2,03 | 11195 oo Chim. Acta 3,458 (1965)
0 (Hey 2pt 2 0.1 28.00 1064 B4
7 (M) 252 23 2p 0.2 24,10 1332 100.4
7 (He) s 2pt 2 91 30,01 114.0 120.4
3 (Fe)2g22pt | 2p 04 27.04 149,75 1274
8 (He) 25 2pb 2p 0.1 27.714 145.2 126.4

oY) (Hey 252 2ps 2 0.4 27.03 165.5 150.4
0 (Me) 25 2 2p 0.8 28.22 1517 1554

10 {He) 242 28 2p 0.3 28,95 180.2 RYEN]

11 (N¢) By Sy 0.0 13418 3.0 41,0

12 (Ne) 352 4s 0.5 13.13 78,2 01.25

12 - (Ney 38 3p 3s 0.5 43,14 8.0 .7

13 (Ne) 352 3p 38 0.8 1315 80.0 . | 908

13 (Ne) 3s 3p? e 0.0¢ 0.50 103.0 T OB

14 (Ne) 352 3p? 3¢ 1.3 13.08 | 099 110.6 1

14 (Ne) 8s 3p? ‘3 2.0 1142 "118.2 111.2

15 (Ne) 352 8p2 3a 0.3 14.27 1087 1514

16 (Ne) 3.2 3! s 0. 12.23 124.0 - 168.7

17 (Ne) 35 3pb 3s 0.2 13.70 1207 2038

18 (Ne) 3s2 3p0 3a 0.3 13.24 138.6 235.0

11 (Ne) 3p 3p 0.7 13,83 49,4 23.9

12 (Ne) 3s3p p 0.0 13.21 60.5 30.0

12 (Ne) ap® 3p 0.6 12,03 61.9 41.3

13 (Ne) 852 3p - 3 0.6 13,20 714 47.85

13 (Ne) 33 3p* I 0.8 12.44 75.05 42.8

14 (Ne)_3s? 3p? 3p 0.3 13.02 81.7 02,5

14 (No) 3s 3p? 3p 2.8 . B2 110.7 19.4

14 (No) 34* 3p 4s 3p 0.0 1396 . | - 80.3 90,5

15 (Ne) 3s® 3p2 3p 0.0¢ 15,25 8#3.0 . 81.0

15 (Ne) 3s 3p? 3p 1.3 14.25 83.85 100.1

15 (Ne) 382 3 ds 3p - 0.7 14.03 01.3 114.8

16 (Ne) 342 3p 3p 0.7 1317 08,5 93

16 (Ne) 3s 38 Ip 0.7 13.88 04,0 99.7

16 (No) 32 dprda | 3p 0.4 14,57 1024, 131.6

11 (Ne) 3a2 it Ip 0.4 13,40 - 1006.3 1104

17 (Na) 8y 30 Ip 0.0e 13,40 1004 16,0

17 (Ne) 342 3p! 40 3p 0.2 13.30 112.0 153.3

18 (No) 3s2 3pt 3 0.1 13,30 110.6 1275

18 (Ne) Bs2Bpsds|  3p 0.6 13,9 - 121.5 1758

19 (Ar) 3d 3d 0.1 13.10 24.5 12,2

11 (No) ks 43 0.3 747 20,0 155

12 (Ne) 3548 N 0.1 7.67 322 1.8

13 (Ne) 342 4y 44 0.2 7.6 36,1 285

14 (Ne) 3a2 3p 4s 44 0.8 .1 30.7 25,15

15 (Ne) 32 3ptds | 49 1.0 0.30 38.5 31.8

106 (No) 32 3pP by | oo 0.2 7.H2 45,05 30,1

17 (Ne) D2 3ptas | 4s 0.3 8.00 48,0 KRR

18 (NeY B 3phdu | Ay 0.4 7.00 51,9 KRN

19 (Ar) dx 4y 0.4 .00 535 347




Table C-3. Electro-negativity

F
4.0

Ci
3.0

Br
2.8
1
2.5

At

2.2 .

v

~!

0o

H
2.1 ,
Li Be B N o©
1.0 1.5 2.0 2.5 3.0 3.5
Na M Al P8
0.9 1.3 ' : : 1501821 2.5
K Ca 'S¢ Ti Mn Fe Ni Cu Ga As Se
0.8 1.0 1,3 1.5 1.5 1.8 1.8 1.9 1.6 2,0 2.4
Rb Sr Y Zr Te Ru Pd Ag In Sb Te
0.8 1.0 1.2 1.4 ‘1,9 2.2 22 1.9 17 1.7 1.9 2.1
Cs Ba La-Lu Hf Re Os Pt Au- Tl Bi  Po
0.7 0.9 1.1-1.2 1.3 1.9 2.2 2.2 2.4 1.8 1.9 2.0
Fr Ra Ac Th U Np-No
0.7 0.9 1.1 1.3 1.3
Fig. C-U, Ionicity
100 1Xa-] XyF
ioniecity | = |- +
§ / O
HC
HBr
Hl
0 2
‘ I"'A_;'nl .
difference of electro-negativity




APPENDIX D

DERIVATION OF Eq. 4-4-4

In the problem of crystalline solids, the eigen value is
specified by a k-vector and a band number n. - Therefore, the
spectrum decompqsition of Green's function is written as

: . Z:|E£><.Er"i(
EI-H)&y —
vk E-Ef . Eq. D-1

Here, |E%> is expressed as

|ExoD>
kR,
|Efiy=- ||ERo> €

lEllslc:) -G; k Ry

Bfoye’®v | Eq. D-2
This is deri&ed from the Bloch's theorem. In Eq. D-2, IEHo)
represehts the elgen vector belonging to the central unit cell,
R»vdenotes the directional vector from the central unit cell to
the v-th unitkcell,‘\and N is the number of unit cells included

in the system. Substitution of Eq. D-2 into Eq. D-1 yields

N\

’ -t : ~i1hPRy
Gk Ghe i er
‘ =1 / ke, ikR, k : k —ih(RaR)
EI-H) =— G < G G e
( NZ}Q- R [ R
Glz —e—l"\. 2 Ghe.h(ﬁ;“ W) Gk
\ /

00g

o &5




swhere

3 k

1] En >< Eno
o P
ke .
n E-En . Eq. D-4

Up to this point it is shown that the Green's function based on

usual atomic orbitals as a basis set is written as

The part of (EI-H) | for the central unit cell

-1 sak . '
—N%G Eq. D-5

The next step is to know the meaning of Gk.

 Substitution of Eq. D-2 into the original eigen value

problem becomes

SRR NI
% |Efo "Hoo Ho Ho |E%a>
En | [Efoe™-|  H, H, Hy |[EEe™®|=0
|El;l?lo>~¢:k& H2° H2' Hz'z lEZElb)*C;h Ry
ﬁi | [Ef0e® | | [Efoye *R2)
Eq. D=6

All the equations derived from Eq. D=6 turn out to be the same

as

(kR

ER|Efy ~(ZHoue "™ ) |Efi=0 . Eq. D-7

For example,

h

N | N Y
En e | B> (ZHe

) |Efio> =0 Eq. D-8
can be rewritten as
etk [EﬁlEﬁ»-(gHwe;kR”)]Er‘fo>]=0 . Eq. D=9

If we put
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S Heye"™ -g* ) Eq. D-10
we have |

(ERI-H") |Efo>=0 . Eq. D-11
This eilgen value problem happens to equal to that based on the
Bloch orbitals as a basis set. This fact and the following
equation _

Gr=(ET-E*)"' Eq. D-12
shows that G* is a Green's function based on the Bloch orbitals

as a basis set. So that with Eq. D-5, Eq. 4-L-U4 is derived.




