International Journal of Information Technology, Modeling and Computing (IJITMC) Vol. 4, No.1, February 2016

INFLUENCE OF OVERLAYERS ON DEPTH OF IM-
PLANTED-HETEROJUNCTION RECTIFIERS

E.L. Pankratovl, E.A. Bulaeva'?

'Nizhny Novgorod State University, 23 Gagarin avenue, Nizhny Novgorod, 603950,
Russia
2Nizhny Novgorod State University of Architecture and Civil Engineering, 65 Il'insky
street, Nizhny Novgorod, 603950, Russia

ABSTRACT

In this paper we compare distributions of concentrations of dopants in an implanted-junction rectifiers in a
heterostructures with an overlayer and without the overlayer. Conditions for decreasing of depth of the
considered p-n-junction have been formulated.
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1. INTRODUCTION

In the present time integration rate of elements of integrated circuits intensively increasing. At the
same time dimensions of the above elements decreases. To increase integration rate of elements
of integrated circuits and to increase dimensions of the same elements are have been elaborated
different approaches [1-10]. In the present paper we consider a heterostructure with two layers: a
substrate and an epitaxial layer. The heterostructure could include into itself a third layer: an
overlayer (see Figs. 1). We assume, that type of conductivity of the substrate (n or p) is known.
The epitaxial layer has been doped by ion implantation to manufacture required type of conduc-
tivity (p or n). Farther we consider annealing of radiation defects. Main aim of the present paper
is comparison two ways of ion doping of the epitaxial layer: ion doping of epitaxial layer and ion
doping of epitaxial layer through the overlayer.
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Fig. 1a. Heterostructure, which consist of a substrate and an epitaxial layer with initial distribution of
implanted dopant
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Fig. 1b. Heterostructure, which consist of a substrate, an epitaxial layer and an overlayer with initial distri-
bution of implanted dopant

2. METHOD OF SOLUTION

To solve our aim we determine spatio-temporal distributions of concentrations of dopants. We
calculate the required distributions by solving the second Fick's law in the following form [1]

(QC(x,y,Z,t) 8 |:DC a C(x,y,z,t):|+ a |:DC 8 C(-xsyszst):|+ 8 |:DC 8 C(x’y’z’t):|. (1)

dr dx 9 x ER Jy ER Jz

Boundary and initial conditions for the equations are

8C(x,y,z,t) -0 8C(x,y,z,t) 0 aC(x,y,z,t) _ 8C(x,y,z,t) 0
ox [, o ox |, T 9y |, 9y |,
M =0, M =0, C(x,y.2.0)=f (x.3.2). )
z =0 z x=L,

Here the function C(x,y,z,t) describes the distribution of concentration of dopant in space and
time. D¢ describes distribution the dopant diffusion coefficient in space and as a function of tem-
perature of annealing. Dopant diffusion coefficient will be changed with changing of materials of
heterostructure, heating and cooling of heterostructure during annealing of dopant or radiation
defects (with account Arrhenius law). Dependences of dopant diffusion coefficient on coordinate
in heterostructure, temperature of annealing and concentrations of dopant and radiation defects
could be written as [11-13]

Y 2
1+cf C (x,y,z,t)}{l_'_gl V(x,y,z,t) 1% (x,y,z,t) . 3)

" +
P"(x,y,2,T) 4 Ty
Here function Dy (x,y,z,T) describes dependences of dopant diffusion coefficient on coordinate
and temperature of annealing 7. Function P (x,y,z,T) describes the same dependences of the limit
of solubility of dopant. The parameter ¥is integer and usually could be varying in the following

D, =DL('x’ Y, Z»T)|:
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interval ye[1,3]. The parameter describes quantity of charged defects, which interacting (in aver-
age) with each atom of dopant. Ref.[11] describes more detailed information about dependence of
dopant diffusion coefficient on concentration of dopant. Spatio-temporal distribution of concen-
tration of radiation vacancies described by the function V (x,y,z,f). The equilibrium distribution of
concentration of vacancies has been denoted as V'. It is known, that doping of materials by diffu-
sion did not leads to radiation damage of materials. In this situation {;=¢,=0. We determine spa-
tio-temporal distributions of concentrations of radiation defects by solving the following system
of equations [12,13]

M=1[D,(x, T

al(x,y,z,t)
D 9 b ’T - -
1 ox (e y.2T)

5_ dy

ol ]
M _kl,v(x’ysZsT)I(xsy’Z9t)V(-x’y?Z’[) (4)
Z .

)al(x,y,z,t)}_’_ o

= R

x I*(x, y, z,t)+ai{D, (x,v,2.7)
z

oV (x,y,z1) o Vl(ey.zt)| of oV (x,y,2.t
Mz_ Dv(x,y,Z,T)M + 2 Dv(x,y,Z,T)M —ky, (6.3, 2.T) x
dat dox dx dy| dy
) oV (x,y,z,t
X V2(x, v, z,t)+a—|:DV (x,y,z,T)%}—kw (x, v, z,T)I(x,y,z,t) V(x,y,z,t).
b4 z
Boundary and initial conditions for these equations are
Iplryzt) _o 0pleyzt) _ o oplyzt) _o 0pleyzt) |
Ix |, dx -, dy o dy -
M =0, M =0, p (%y.2.0)=f, (x.y.2). (5)
aZ z=0 aZ z=L,

Here p=I,V. We denote spatio-temporal distribution of concentration of radiation interstitials as /
(x,y,z,t). Dependences of the diffusion coefficients of point radiation defects on coordinate and
temperature have been denoted as D,(x,y,z,T). The quadric on concentrations terms of Egs. (4)
describes generation divacancies and diinterstitials. Parameter of recombination of point radiation
defects and parameters of generation of simplest complexes of point radiation defects have been
denoted as the following functions k; (x,y,z,T), ki (x,y,z,T) and ky(x,y,z,T), respectively.

Now let us calculate distributions of concentrations of divacancies @y(x,y,z,f) and diinterstitials
PD(x,y,z,t) in space and time by solving the following system of equations [12,13]

P (x,y,z,t) 0 0P (x,y,z,t) J 0P (x,y,z,t)
TRV _ 9 D (xy,2,T) 220, 9y (x,y, 2, T) 2 2l
EP (}’x|: q>1(x Y,z ) Ox é’y q>1(x Y2 ) ay

)8d>l(x,y,z,t)

0
+a—Z{D¢,(x,y,z,T }+k,_,(x, v, 2.T)1(x, y,2,1) =k, (x,y,2.T)I (x, y, 2,1) (6)

dz
aq)v(x’y’z’t)zi Dd)v(x,y,Z,T)aq)v(x’y’Z’t) +i Dd)v(x,y,Z,T)aq)v(x’y’Z’t) +
dt dx dx dy dy
+j[Dw(x,y,z,r)”’v(x’y’z”)}kw(x,y,z,r)vz(x,y,z,t)—mx,y,z,T)v(x,y,z,t).
z z

Boundary and initial conditions for these equations are
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% -0, (azy) =0, @ (4.1,2.0)=far (4,3,2), By (X),200=F v (5,7.2). (7)
z=0 z=L,

The functions Dg,(x,y,z,T) describe dependences of the diffusion coefficients of the above com-
plexes of radiation defects on coordinate and temperature. The functions k,(x,y,z,7) and ky(x,y,z,
T) describe the parameters of decay of these complexes on coordinate and temperature.

To determine spatio-temporal distribution of concentration of dopant we transform the Eq.(1) to
the following integro-differential form

=
b ‘<
Se—

ijC(u v,w,t) dwdvdu =£ijD (x,v,w,T) {1+gl

Ve t Xz 4
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X|: +¢, Ve +g, (V*)z &y TL +EI).LJ.\,I:I.‘ L(uvZ )X
2 Ve
X 1+glV(u’v:Z’T)+g2V (u,v,zzaz.) 1+§ C (M,V,Z,T) a C(”"}’Z’T)d,z. xy +
(V*) P7(x,y,z,T) dz LL
LicliLz jjjf(u,v,w)dwdvdu. (la)

Now let us determine solution of Eq.(1a) by Bubnov-Galerkin approach [14]. To use the ap-
proach we consider solution of the Eq.(1a) as the following series

C,(xy,2.0)= Zace,(W)e,v)¢,(2) e, ).

Here e, (t)=exp l— 7’n’D, .t (L;2 + L;z +L? )J, cu(Y)=cos(mn y/L,). Number of terms N in the

series is finite. The above series is almost the same with solution of linear Eq.(1) (i.e. for £=0)
and averaged dopant diffusion coefficient Dy. Substitution of the series into Eq.(1a) leads to the
following result

2N

B R P

=N L

L(
& }[l+glV(x,v,w,T) c Vz(x,v,w,f)}
)

x D, (xvwT)Ea,s, () e, (v)x

P (x,v,w,T)
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m=l P’(u,y,w,T

Xz
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where s,(y)=sin(7n /L,). We used condition of orthogonality to determine coefficients a, in the

considered series. The coefficients a, could be calculated for any quantity of terms N. In the
common case the relations could be written as
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As an example for =0 we obtain

oo =150 2o - s @ Zole -1 sl )aza s (o
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For =1 one can obtain the following relation to determine required parameters
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The same approach could be used for calculation parameters a, for different values of parameter
% However the relations are bulky and will not be presented in the paper. Advantage of the ap-
proach is absent of necessity to join dopant concentration on interfaces of heterostructure.

The same Bubnov-Galerkin approach has been used for solution the Eqs.(4). Previously we trans-
form the differential equations to the following integro- differential form

—
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We determine spatio-temporal distributions of concentrations of point defects as the same series
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Parameters a,,, should be determined in future. Substitution of the series into Eqs.(4a) leads to the
following results
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We used orthogonality condition of functions of the considered series framework the heterostruc-

ture to calculate coefficients a,,. The coefficients a, could be calculated for any quantity of terms
N. In the common case equations for the required coefficients could be written as
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In the final form relations for required parameters could be written as
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We determine distributions of concentrations of simplest complexes of radiation defects in space
and time as the following functional series
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Here a, 4, are the coefficients, which should be determined. Let us previously transform the Eqgs.
(6) to the following integro-differential form

HJCD (u v, W, t)dwdvdu jHDq),(x,v,w,T)dedvdrx
L.LyL, 0LyL, X

><—+—iﬁD@,(u,y,w,T)dedudﬂ 11D, (w2 T)x
L Lo, 0LL é)y LL ovir

iy ¥

{\l—.k

LLL L

Xy Tz

x&—r)dvdud2'+ AR jjjk,_,(u,v,w,T)12(u,v,w,r)dwdvdu—(6a)
z <Lyls

- jjjk,(u,v,w,T)I(u,v,w,f)dwdvdu+ rye j}ij,,(u,v,w)dwdvdu

Yz SV, W, s Vo ¥V Xy z M’V’WdeVdu.
LXL)'Lz x =yt L L'l..LJ.[',.’fq}V( )

xyz

Substitution of the previously considered series in the Eqs.(6a) leads to the following form

—xy a3 2 (95,005, 6) e, 0)= =220 S a5, (0, 0 e 0)c, ()

e
Ne—,

xD,, (x,v,w,T)dwdvdt— xLZ]z iam”jcn(u)cn(w)Dq,,(u,v,w,T)dwdude
L, n=1 0L.L,
xyﬂ' N toxy
xns,(y)e,q, (t)- 210,4,5,(2)e,, (0)] ] [, ()e,(v) Dy, (v, 2.T) dvdud T+
LLL 0L,L

x Ty Tz Y

$ 222 Tfjku(M,V,W,T)Iz(u,v,w,f)dwdvdu+
LyLyL,

h-—,k

.[ jzf(DI(u’v’W)deVdu X
LyL,
l‘xz}vi B Lfl)’}vz Lij.ijl (u’V’W’T) I(u’v’w’f)d wdvdu

Xy

v B ()8 008, 6) e, (0= 250 s, (W OF fe.0)e, ()%
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(u,v, w,T)Vz(u,v,w,T)d wdvdu+ j j jfd, (u,v,w)d wdvdu x
LLyL,

14

”Ikv (M,V,W,T)V(u,v,w,f)d wdvdu.
L.L,L

x Ty T YR

We used orthogonality condition of functions of the considered series framework the heterostruc-
ture to calculate coefficients a,q,. The coefficients a,q, could be calculated for any quantity of
terms N. In the common case equations for the required coefficients could be written as

L va., 1 ak L,
/A=) 27Z'Lx n=10 0 0

JT n=10 0

X a’;‘f’ LI;DQ,, (x, y,z,T){z s (z)+ ;Z_n e, (z)—l]}d zdydxe,,(7) dz'—zi%rf{xs” (2x)+
Lkl (bc)—l]}?[l—cn @D )es @+ <z)—11}d dydix
an 0 0 27n

el gt (e Lt -1 s o)+

L (2y)-1]+

[, (x)-1]+

L, 1 t L
+L,} [l—c,l(zy)]D@(x,y,z,T)dzdydxe@,(r)dH;i""—‘;”Je@,( )I{
0 n=l N 0 0

e O Pzt e e -1

1 t L,
+zsn(z)}dzdydx_Tﬁan_?;%,(T);{xs ()4
T n=l 0~ 0 0

e, (y)-1]+

fzxn . (+)- I]}I{ 2€rn

L 1
e, (2)- l]}k (x,y,2,T)I (x,y,2,t)d zd ydx+—3§:a"—‘;"x
27n g <

s Olffes o)+

t

e @55, 04 e -1 s

e )L e ke

+25,(2)} o (k. y.2)dzd yd x

27n

LchiLzZ ya., 1 vtk
— Ei ;e "n@v(t)‘_ﬂgll[l 2x]j L +ys, (2y [c 2y l] X

L, L t Ly
Xa"iv | Dy, (X, Y, Z,T){ZS,,(Z)+ = [C,, (Z)—l]}d zd ydxemw(’[)d’[—iijj{xsn(Zx)+
noo 27n 2

JU n=10 0
+Lx+2Lx[c,z(zﬂ—ﬂ}?n—cﬂ<zy>1TDw<x,y,z,r>{zsn<z>+Lz[cn<z>—11}dzdydxx
Tn 0 0 27wn

enCDV (T) ya n®dvV e by
X drt
v nzL), 271'L E n’ M{xs

Efe (9- 1} {ys )+ ()1
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e, (x)-1]+

L, 1 ~ ! Ll
+L }[1—c, 20Dy, (63, 2.T)d zd yd x e, (D) d 74— 25 e, (2)] { :
0 T =l N~ o o|27n

)-1]+

s 0Ny, 0 e -V e ) S e

1 ~xa Ly

+os, (D dzdyde-— 50 Iem( ){{xsn(XH 26;,1[ ()~ ]}I{

[e,(y)-1]+

s O {as. e

L [CH(Z)—l]}kv(x,y,z,T)V (x,y,2,t)d zd ydx+i2aﬂ><
n

et )l -

A=
+ZS,1(Z)}f¢V(X,y,Z)dzdydx.

t

e (.05

[, (2)-1]+

3. DISCUSSION

In this section we compare spatial distributions of concentrations of dopant in a heterostructure
with overlayer and without the overlayer. Fig. 2 shows result of the above comparison. One can
find from the figure, that using the overlayer gives a possibility to manufacture more shallow p-n-
junction in comparison with p-n-junction in the heterostructure without the overlayer. At the same
time analysis of redistribution of radiation defects shows, that implantation of ions of dopant

through the overlayer gives a possibility to decrease quantity of radiation defects in the epitaxial
layer.

1.5 4

Epitaxial layer

1.0

Overlayer Substrate

0.0 . , . . . , . ,
0.00 0.25 0.50 0.75 1.00
Fig.2. Distributions of concentration of implanted dopant in the considered heterostructure.

Curves 1 and 3 describe distributions of concentration of implanted dopant in the heterostructure
with overlayer. Curve 1 describes distribution of concentration of implanted dopant for the case,
when dopant diffusion coefficient in the overlayer is larger, than in the epitaxial layer. Curve 2
describes distribution of concentration of implanted dopant for the case, when dopant diffusion
coefficient in the overlayer is smaller, than in the epitaxial layer. Curve 2 describes distribution of
concentration of implanted dopant in the heterostructure without overlayer.
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It should be noted, that manufacturing the considered implanted-junction rectifier near interface
between layers of heterostructure gives a possibility to increase sharpness of the p-n-junction and
at the same time to increase homogeneity of concentration of the dopant in the enriched area [15-
19]. In this situation it is practicably to choose appropriate thickness of epitaxial layer.

4. CONCLUSIONS

In this paper we analyzed distributions of concentration of implanted dopant in heterostructure
with overlayer and without overlayer during manufacture an implanted -heterojunction rectifier.
We determine conditions, which correspond to decrease depth of the p-n-junction.
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