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Abstract

Localization of electronsin a one-dimensional disorder crystal and suppression of
conduction were investigated in the research work. These were achieved by modeling
the disorders within the crystal lattice with random potential barriers. The transmission
coefficients of the electron (non-interacting electron) in the random potential barriers
were determined and analyzed. All the electronic eigenstates were found to be localized
and decay asymptotically exponentially. Also, using Landeur formula [3], the
conductance of the disordered crystal was found to tend to zero.

1.0 Introduction

Disorder (due to e.g impurities and defects) withicrystal lattice leads to localization of thectlen eigenstates [2].
An electron is said to be localized, if the proligpof finding it over the entire system is noketsame. In other words,
localization of the eigenstates implies that thebpbility density does not vanish only in a limitsplatial region. All
electronic states in a one-Dimensional disordetesys are exponentially localized [4].

We want to show in this work that all the eigeretah a one-dimensional disordered crystal ardifmrhno matter
the amount of the disorder and that these stateaydasymptotically exponentially. Also, to showatthat low
temperature, conduction is suppressed in the ameftiional disordered crystal.

In this paper, disorder within a fixed lattice i®deled with random rectangular potential barrierd we assumed
that the electrons are non-interacting at low tenajoee.

2.0 Theory

We considered 3-random potential barriers, 4-randwotential barriers and 7-random potential barriarsl
determined the transmission coefficient for eacthefm
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2.1 Transmission Coefficient for Three-Random Potential Barriers

V, V.

a
E—a, "Ta,

_V2

Vix) =0 x <0, Vix) =V, 0<x<ay,
V(X) = _VZ al <x < aZ, V(x) = V3 az <x< a3 :
Vix)=0 x> as.

Fig 1 Three -Random Potential Barriers
Considering figl, the potentials, V,, and Vswith corresponding widtlu,, a,, anda; are random. The potenti@l, V;
are positive whilé/, is negative.
The model is subject to the condition

aq1v1+ azvy+ azvz — 0 (21)

a1+a2+a3

This is a condition for the probability of transsitn through the barriers. The zero is the Ferraigy E value [2].
Considering a non-interacting electron, the oneedlisional time independent Schrédinger equationbeasolved for it
in each of the region.
The one-dimensional time independent Schrodingeatésn is as follows;
AW Ly aywx) = EY(X) 2.2)

2m  dx?
Assuming that the incident particle of energy Eaming fromx = —oo, the solutions to the equations for each regien ar
as follows;

1(x) = Aeik1x) 1 Be—ilkix) x <0,

,(x) = Ce®k2®) 4 pe=(kax) (Ifandonlyif 0 < E <V; ) 0<x<ay

3(x) = Fellks®) 4 Ge~iltksx) a; <x< ¥ aq

4(0) = HeWs® 4 [e=(ka®) (Ifand only ifo < E < V5 ) faa,<x< Yia

S(x) =]ei(k1x) Z?:l a; <x < ©

Wherek,= ﬂ V=0

i
—1J(E-V;
k, = %Z(EVJ) V>E i=234, j=i—1
A,B,C,D,F,G,H,1,] are the amplitudes in the different regions. Apgiythe boundary conditions f&# and the —d:u}

&4

at the boundaries = 0, x = ay,x = Py(XL, a).x =P3(XL,a).
We have the following equations;
A+EB=C+D

ik, A— ik B = ik,C — ik,D
Ce¥*28: 4 De—*a8s — peilkea) 4 o —ilkea,)
f{zCekzﬂ‘— _ f{zﬂe_kzﬂ‘— — kaFei':ksﬂ._] _ f{EGe_E':kSE‘—}
FeilksPa) | Ge—ilkaPs) = pglleaPs) 4 ro—(iPs)
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ikEFefl:kspz} — ikEGe—il:kEPz} = k4HEI:k4P5:' _ k4[E_I:k4P5}
HE|:k4P5:' _|_ .{E_I:k“'PE“} — _,Ireil:k'—PE}

kyHe' sPe) — |, Te7FsPe = |, JeitkePs)
For each pair of equation, Zxz2 matrix was set up. Then, solving using the transfatrix method, the transmission

coefficient was determined using;
_vr
T= e (2.3)
Where Y is the amplitude of the transmitted wave jsrthe complex conjugate of Y, A is the amplituofethe reflected
wave and A* is the complex conjugate of A.

2.2 Transmission Coefficient for 4-Random Potential Barriers.

AV V.
= a, e a. S
-V, ~,
V(ix)=0 x < 0, Vix)=V, 0<x<a,,
Vix)=-V, a <x<a, Vix) =1 a, <x <ay
Vi) =—V, a;<x<a, V(ix)=0 x> a,.

Fig2 Four-random potential barriers
Considering fig2, the potential, V5, V5, and V; with corresponding widtha,, a,, a5, anda, are random. The

potentialsl; andV; are positive whileV; andl, are negative.
The model is subject to the condition
a, V.t a Wy +aVpta,V) =0 (24)
a,+a.to.+a,
This is a condition for the probability of transsin through the barriers. The zero is the Ferraigy E value [2].
The one-dimensional time independent Schrodingeatimn was solved for each of the region. The aneedsional
time independent Schrédinger equation is as follows

B® gt (x)
—o g T V(x)¥(x) = E¥(x) (2.5)
Assuming that the incident particle of energy Eadsning fromx = —a, the solutions to the equations for each region
are as follows;
w, (x) = Ae'*=¥) 4 pemilkax) x< 0,
w,(x) = Ce'®® + pe™=¥)  (fandonlyif 0 <E <V, ) 0<x<a,
wy(x) = Feilksx) 1 g p—ilksx) a < x < Zleg:i
w,(x) = Hes¥) + jo~(ka?) (Ifand only if0 < E < V; ) Efziai <x< E?zia,i
w,(x) = Jeiks) 4 fgilksw) Z:’a:lﬂ}' <x< Xy 4,
w, (x) = Mgt Tia <r< oo
—
ImE
Wherek 4= |I - =0
2 h
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_ |2m':'1:"'|._E-V.':| . )
k; = “il —L-hz Vi>E i=2345 j=1-1
AEB,CD,F,G,H,I]J], K, M are the amplitude in different region. Applyingtboundary conditions foe and the

dw'i:-r:l

at the boundaries = 0, x = a,, x = P,(X7-, a),x =Py (i, a),x= P(Ziy a).
We have the following equations;

A+EB=C+D

ik, A— ik B = ik,C — ik,D

Cek:8: 4 Do~*28: = Fpilksal) o go—ilkzay)

k,Ce*ad: — j,De *:%1 = kaFei'iksa._} _ kaGe—e'iksrz._}

FeilksPa) 1 go—ilkaPy) — pHolkaPs) 4 fo—(kePy)

ikyFeilksfz) — ik Ge™1HsPa) = g HelkePs) — i, o~ (KePs)

He kaFe) 4 1o (keP2) :fei'ikEPs} 1+ Ke ilksPs)

k4He|:k4P5} — ke le FeFs = L-kaei-ikEPE} — ik Ke =ik P}

IEE(REP,,} + Ke ilksPa) = pgoliesPed

ik JeitksPs) ik Ke i(kPa) = k Me F:Pd)
For each pair of equation,Zx2 matrix was set up. Then, solving using the transfatrix method, the transmission

coefficient was determined using
¥re

2.3 Transmission Coefficient for 7-Random Potential Barriers.
\V4
V, V. 5 Vv,
E a. a, a,
a, a, a, a,
_V _V6
2 _\/4
Vix)=0 x < 0, Vix)=1, 0<x<a,,
Vi) ==V, a<x<a, V)=V, a,<x<a,,
Vix)=—V, a;<x<a,, Vx)=1 a,<x<ag
V[x]:—VE_ Qg << X < Qg | V[_x]:[{? a, <x <a,
V(ix)=0 X F s

Fig3 Seven-random potential barriers
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Considering fig 3, the potential§, Vs, V5, Vi, ¥z, V., and V- with corresponding widttuy, a,, as, a,, as, @, and
a; are random. The potentill], V5,1, andl’; are positive whild’;, I, andV; are negative.

The model is subject to the condition;
a, V.t a VW +aVpta,Vitalite Vo ta il =0 (27)
a,ta, +a.+a, o ta .+ o
This is a condition for the probability of transsin through the barriers. The zero is the Ferraigy E value [2].

The one-dimensional time independent Schrédingeatian was solved for each of the region. The aneedsional
time independent Schrédinger equation is as follows

2 Tagey
L VYR = EY®) 2.8)
Assuming that the incident particle of energy Eadsning fromx = —a, the solutions to the equations for each region
are as follows;
w, (x) = Ae''¥+¥) + pe=ilkas) x< 0,

w,(x) = Ce™ =) + pe=lka¥)
w,(x) = Feilksx) + Ge—i(ksx)
w,(x) = He'®s*) 4 po=hax)
w, (x) =Ie:":k5x} 1 failksx)
w,(x) = Me'kex) 4 no—(kex)
w. (x) = petlkx) +Qe—i':k7:f]'
w,y(x) = Re'®e¥) + g ~Ckev)
w, (x) = Teilkx)

—
ZmE

(ifandonlyif 0 << E <V, ) 0<x<a

a, <x < Xa
Yia <x< Xia
E?ﬂaz_ <x < Ny a

(fandonlyif 0<E < Vi ) Tia <x< Xia,

Ioa, <x< Xija

)2 a <x< p a

(fandonly if0 << E < V; )

(fand only ifd < E < V5 )
e <x< @

V=0

_
Wherekl_q oz

T
2m(—1M (E-v;
k.= ||m—'.'_:| V}->E

= = i=234.8 j=1-1

A8 CDFGHILILKEMN,P,Q RS5,T are the amplitude in different region. Applyingetthboundary
dwix)

dx

x = P4(Z?=1ai],x = Py(Zy a)x= Pe(Ziy a),x= P;(Zlz1a).
We have the following equations;
A+EB=0C+D

ik A—ik,B = ik,C — ik,D
Cok2%: L Dp ka8 = Fpilkzay) + Ge ilkzay)
k,Ce*29: — jr Do ¥18s = [ Feilkst:) _ | Gp~ilksa.)
FoilksPa) L GomilksPy) = pyolkaP) o 1p—(kePy)
ik FellksPs) — ik, Ge™ikaPs) = HekaPs) — L, e~ (kaPs)
He kaP) 1 1o (kaPs) =fei':k5P5]l 1+ ge-ilksP;)
;{4He|:k4P5] — ke le kP = ikgei(kgs} — ik.Ke —ilkgPy)
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fei|:k5p4} _|_Ke—z'|:k5p4} — MEI:kE'P“} _|_Ne—':kﬁp4:'

ikEJrei':ksp.d.:' — ikEHE_EI:k5P4} = RGME':J{EPA.} — kE_NE_EkE’P“}

Me.:kﬁ,p5} + Ne —(kgPs) — Pei':k?PE} + Qe—:‘(k?&}

k Me'kePe) _ b Ne~(RePe) =l poitksPe) _ il p=ilkrPe)

PeilkrPe) 1 Qp=ilksPe) = pplkePe) 4 5o~ kePe)

ik, PeitkPe) _ il Qe~ilkeFe) = | Ro'kePe) _ | Sa~kePs)

Re':kEPF]' + Se_':ksp?} - Tei':kip?}
ko RekePr) _ | o ~(kePr) = jf ToilksPr)
For each pair of equation, 22 matrix was set up. Then, solving using the transfatrix method, the transmission
coefficient was determined using;

T=" (2.9)

2.4  Conductance in a Disordered System

Landauer[3] concluded that the conductance of a dimensional guide in which the carriers are statt by static

obstacles is given by

2T

b= p—— (3.0

WhereT andRE = 1 — T are the probabilities of the transmission andertibn respectively. The characteristic

coefficient e?/h is the quantum of conductance and equivalentlyiniterse is the quantum resistankee“=
25812.817[1]. For a disorder systers, —+ 0 and for an ordered systeé,— =o [1].

3.0 METHODOLOGY

A C++ program was written to generate random pakiheight) and width for the barriers and alsoswesed to
calculate the transmission coefficient for evemyd@am generation subject to the conditions giveudéqn 2.1, 2.4 and
2.7).

The energy of the electron was tal®r+= 100mel’, mass of electronm = 10'31kg, the electronic charge
1.6 * 107 ¢ and planck constark, & 107%%]s.

The results were tabulated and graphs of transonissbefficient against areay 1] of the barrier were plotted. Also,

graphs transmission coefficient against reflectoamefficient were plotted and their slope multiplieg a constant
(quantum resistance value=258X2 A]) to yield conductance of the system.

4.0 DISCUSSION OF RESULTS

The fig4, fig 6 and fig 8 are the graphs of trarssitn coefficient againsi;¥; for the 3, 7and 4 random potential

barriers respectivelit can be seen from these graphs and the tablaloés that the transmission coefficients differfro
point to point, that is, no two points on the graplave the same value of transmission coefficlamigh there are points
with very close values. Thus, all the eigenstagégefistate transmissions) are strongly localizedan also be observed
that the transmission coefficient decrease (deedif) the area of the barrier and the trend linetled decay is
asymptotically exponential.

The fig5 is the graph of transmission coefficiemfaiast reflection coefficient. The slope of the pgragives
—1.0000029. Using equation 3.0,

Conductance, G= o> = —3.87 = 107°0 " Im ™!

The fig9 is the graph of transmission coefficiemfaiast reflection coefficient. The slope of the mragives
—1.0000000. Using equation 3.0,
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Conductance, G- LR = —3.87 +107°0 'm ™t
25812.8
The fig7 is the graph of transmission coefficiemfaiast reflection coefficient. The slope of the mragives
—1.0000031.

Table 1.Values of the three random Potential barriers

a;nm a,nm aznm V; nV V,nV V; nV a,V; T R=1-T InT
nmnV
4.10 5.80 0.61 5.40 -0.70 8.60 22.10 0.036388 ®9B3 -3.31353
4.50 6.80 0.59 7.10 -1.30 9.30 32.00 0.027878 0.972122 -3.57993
4.80 7.70 0.58 8.70 -2.30 0.30 41.80 0.02292 08770 -3.77574
5.40 9.70 0.56 2.00 -5.20 3.20 10.80 0.125476 0.874524 -2.07564
5.80 0.70 0.64 3.60 -7.20 5.20 20.90 0.064187 @935 -2.74596
6.10 1.60 0.63 5.20 -9.50 7.40 31.70 0.042989 0.957011 -3.14681
6.40 2.60 0.62 6.90 -2.10 0.10 44.20 0.02909 0.9709 -3.53737
6.80 3.60 0.60 8.50 -5.00 3.00 57.80 0.024075 0.975925 -3.72659
7.10 4.60 0.59 0.10 -8.30 6.30 0.710 0.260815 asgs9 -1.34394
8.10 7.50 0.55 5.00 -0.10 8.00 40.50 0.038228 0.961772 -3.26419
8.40 8.50 0.54 6.70 -4.60 2.60 56.30 0.030931 0689 -3.47599
3.30 3.20 0.64 1.20 -2.40 0.40 3.960 0.20623 0.79377 -1.57876
4.30 6.10 0.60 6.10 -2.80 0.70 26.20 0.033449 @566 -3.39774
4.60 7.10 0.59 7.70 -3.50 1.50 35.40 0.026375 0.973625 -3.63535
4.90 8.10 0.58 9.30 -4.60 2.60 45.60 0.021823 ae78 -3.8248
5.60 0.10 0.65 2.60 -7.80 5.80 14.60 0.096531 0.903469 -2.33789
5.90 1.00 0.64 4.20 -9.90 7.90 24.80 0.055429 Gpu4 -2.89266
6.20 2.00 0.62 5.90 -2.30 0.30 36.60 0.034381 0.965619 -3.37024
6.50 3.00 0.61 7.50 -5.10 3.00 48.80 0.027536 aez?2 -3.59225
6.90 4.00 0.60 9.10 -8.10 6.10 62.80 0.022848 0.977152 -3.77891
Conductance, G% =—387 =107°n"tm™?

The conductance, G in both cases is the same addlusoof which gave a small value (close to z€efb)s implies
that conduction is suppressed in the disordereisy&crystal).

5.0 Conclusion
From our results, we can conclude that all therestgges in a one-dimensional disordered crystad{ran potential
system) are completely localized with an asymptexigonential decay trend no matter the amounteofithorder, that is,
the probability of finding an electron over theiemsystem is not the same. This results to theragsion of conduction
in the disordered crystals. The suppression wasigasby determining the conductance in each efsistem. Also,
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comparing the value of the conductance obtainegbth case, they were found to be same and zese@ Thus, one-
dimensional disordered crystals behave like ineutatThese results are consistent with what Motk &wose[4] and
Thouless[5] got in their works. They showed thaa ione-dimensional material with random distriboitad potentials, all
the electronic states which are solution of Schrgeli equation are localized.

The model (random potential barrier) used can teexent be instrumental for analyzing and studyifigother
electronic properties of a disorder system (one,dwthree dimension).
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Fig 4: A graph of Transmission coefficient against amgl/; for three random potential barriers
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Fig 5 A graph of Transmission coefficient against Reftat coefficient for three random potential barrier
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Table 2 Values for the seven random potential barriers
R=
az
a; a, nm a, ag ag a,; \'"A V, Vs V, Vs Ve \ ERA 1-T InT
nm nm nm nm nm nm nV nV nV nV nV nV nV nmnV T
450 070 720 370 230 030 052 450 -390 050 -7.00 540 -880 7.10 23.0  0.04722 0952781 -3.05295
510 130 7.90 4.40 3.00 090 049 510 -460 110 -770 7.0 -950 030 26.0 00416 0.958404 -3.17976
580 230 880 540 390 190 043 580 560 210 -860 870 -0.50 3.60 33.6  0.03656 0.96344  -3.3088
6.40 3.60 010 670 520 320 046 640 -690 3.40 -9.90 030 -1.80 6.90 41.0 003323 0.966768 -3.40424
710 520 1.80 830 690 4.80 037 710 -850 500 -1.60 2.00 -3.40 010 504  0.03003 0.969974  -3.5057
770 720 370 030 88 6.8 037 770 -050 7.00 -3.50 3.60 -5.40 3.40 593  0.02523 0.974768 -3.67966
840 950 6.00 250 110 910 035 840 -2.80 930 -580 520 -7.70 670 70.6  0.0239 00976101 -3.73393
1.60 580 230 890 740 540 039 160 -9.10 560 -2.10 340 -400 3.00 256  0.19228 0.807718 -1.64879
230 010 660 310 170 970 048 230 -330 990 -640 500 -820 630 529  0.09933 0.900666  -2.30927
3.00 460 120 770 630 420 044 300 -790 440 -1.00 670 -2.80 950 9.0 0.08092 0.919085  -2.51435
360 950 610 260 120 910 039 360 -280 930 -590 830 -7.70 2.80 13.0  0.05902 0.940984  -2.82994
430 480 130 7.80 640 430 042 430 800 460 -110 990 -290 610 185  0.0527 0947304 -2.94322
490 030 680 340 190 990 044 490 -3.60 010 -6.60 160 -850 930 240  0.04281 0957185 -3.15088
560 620 270 920 7.80 580 034 560 -950 6.00 -250 3.20 -430 260 314  0.03949 0.960509  -3.23169
620 240 890 550 4.00 2.00 042 620 570 220 -870 4.80 -0.60 590 384  0.03402 096598  -3.3808
690 890 550 2.00 060 850 039 690 -220 870 -520 650 -7.10 9.10 47.6  0.02913 0970871  -3.53603
750 580 230 880 7.40 540 034 750 -900 560 -2.10 810 -390 240 563 002836 0.971637 -3.56267
140 380 030 680 540 340 05 140 -7.00 3.60 -0.10 7.90 -1.90 2.00 196 021572 0.784276 -1.53375
210 290 950 6.00 460 250 043 210 -620 270 -930 950 -1.10 520 441 012167 0.878332 -2.10646
2.80 240 890 550 4.00 2.00 046 280 -570 220 -870 120 -0.60 850 7.84  0.08417 0.915827 -2.47488
340 220 870 530 3.80 1.80 045 340 550 200 -850 2.80 -0.40 1.80 11.60 0.06666 0.93334  -2.70815
0.25
2
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*
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=
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0.05 0—5. o
R X
¢ oo .
0
0 10 20 30 40 50 60 70 aa
a;*v; (nmnV)

Fig 6 A graph of Transmission coefficient against augl{; for seven-random potential barriers.
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Fig 7 A graph of Transmission coefficient against Betilon coefficient for seven-random potential bansi

Table 3 Values for the four random potential barriers

%
ainm aznm asnm__ asmnm_ VinV_ VenV VznV V4nV fllln‘lllil T R=1-T In(T)
4.50 4.80 4.10 11.8 4.80 -4.50 4.10 -5.10 21.6 0.237049 0.762951  -1.43949
5.10 5.40 4.50 10.2 5.80 -4.80 4.50 -6.40 29.6 0.193238 0.806762  -1.64383
5.80 6.10 4.80 8.50 6.80 -5.10 4.80 -7.70 39.4 0.163067 0.836933  -1.81359
6.40 6.80 5.10 6.90 7.70 -5.40 5.10 -9.00 49.3 0.142993 0.857007  -1.94496
7.10 7.40 5.40 5.30 8.70 -5.80 5.40 -0.30 61.8 0.125826 0.874174  -2.07286
7.70 8.10 5.80 3.60 9.70 -6.10 5.80 -1.60 74.7 0.11227 0.88773  -2.18685
3.60 3.90 8.70 9.00 8.50 -9.00 8.70 -3.40 30.6 0.131361 0.868639 -2.0298
4.30 4.60 9.00 7.30 9.50 -9.40 9.00 -4.70 40.9 0.116678 0.883322  -2.14833
7.50 7.90 7.00 9.10 4.40 -1.00 0.70 -1.20 33.0 0.24431 0.75569  -1.40932
8.20 8.50 1.00 7.50 5.40 -1.30 1.00 -2.50 44.3 0.198636 0.801364 -1.61628
8.80 9.20 1.30 5.90 6.30 -1.60 1.30 -3.90 55.4 0.170018 0.829982  -1.77185
9.50 9.80 1.60 4.30 7.30 -2.00 1.60 -5.20 69.4 0.146612 0.853388 -1.91996
2.80 3.10 3.30 16.00 2.20 -3.60 3.30 -1.70 6.16 0.571757 0.428243  -0.55904
3.40 3.70 3.60 14.50 3.20 -3.90 3.60 -3.00 10.9 0.370565 0.629435 -0.99273
4.10 4.40 3.90 12.80 4.20 -4.30 3.90 -4.30 17.2 0.274239 0.725761  -1.29376
4.70 5.00 4.30 11.2 5.20 -4.60 4.30 -5.60 24.4 0.217295 0.782705 -1.5265
5.40 5.70 4.60 9.50 6.10 -4.90 4.60 -6.90 32.9 0.183097 0.816903 -1.69774
6.00 6.30 4.90 8.00 7.10 -5.20 4.90 -8.20 42.6 0.155779 0.844221  -1.85931
6.70 7.00 5.20 6.30 8.10 -5.60 5.20 -9.50 54.3 0.135633 0.864367 -1.9978
7.30 7.70 5.60 4.60 9.10 -5.90 5.60 -0.80 66.4 0.120015 0.879985 -2.12014
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Fig 8 A graph of Transmission coefficient againstazgl; for four- random potential barriers
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