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Abstract

We introduce an approach to decrease quantity of radiation defects in area of implanted-
heterojunction rectifier. The approach based on implantation of ions of dopant in a
homogenous sample, overgrowth of the damaged area and annealing of radiation defects.
In this situation under spatial conditions one can obtain decreasing of quantity of
radiation defects.

1. INTRODUCTION

In the present time intensive refinement of element of integrated circuits and their discrete analogs (p-
n-junctions and their systems: transistors and thyristors) is occurring. A problem of the refinement is
manufacturing of structures with minimal quantity of defects. One way to manufacture of p-n-junctions
is implantation of ions of dopant in homogenous sample or epitaxial layer (EL) [1-5]. During the ion
implantation and other types of radiation processing [1-7] one can find generation of radiation defects
in the processed samples. To decrease quantity of radiation defects it has been used or introduced some
approaches [1-10]. Framework the paper we consider an approach to shift p-n-junction from the
damaged area of the doped material. Let us consider a sample, which has been doped by ion
implantation (Fig. 1). After implantation of ions of dopant an epitaxial layer has been grown under
special conditions. Main aim of the present paper is analysis of influence of the overlayer (OL) on
distribution of concentration of radiation defects.

2. METHOD OF SOLUTION
To solve our aim we determine spatiotemporal distributions of dopant and radiation defects.
Spatiotemporal distribution of dopant we determined by solution of the second Fick’s law
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Fig. 1. Heterostructure with initial sample, overlayer and initial distribution of implanted dopant
before starting of annealing of radiation defects
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d C(x,t) ) 9 C(x,1)
= ) 1
dt d x[Dc dx M
with boundary and initial conditions
aC(x,t)‘ :8C(x,t)‘ 0. C0) =1, (. @
dx Y dx »

Here C(x,t) is the spatiotemporal distribution of concentration of dopant; D. is the dopant diffusion
coefficient. Value of dopant diffusion coefficient depends on properties of materials of heterostructure,
velocity of heating and cooling (see Arrhenius law) and spatiotemporal distribution of concentration of
dopant and radiation defects. Two last dependences of dopant diffusion coefficients could be
approximated by the following relation [2,4,5]

D.=D, (x,T) [1_,’_6 Ifyy(x’t) IHQV({J)]. ©)

(x.7) v

Here D, (x,T) is the spatial (due to inhomogeneity of heterostructure) and temperature (due to Arrhenius
law, where T is the temperature) dependences of diffusion coefficient; V (x,f) is the spatiotemporal
distribution of concentration of radiation vacancies; V" is the equilibrium distribution of vacancies; P
(x,T) is the limit of solubility of dopant; parameter g depends on properties of materials and could be
equal values in the interval ye[1,3] [2]. Concentrational dependence of dopant diffusion coefficient has
been discussed in details in [2]. We determined spatiotemporal distributions of radiation defects from
the following systems of equations [7,11]

al(-(;’t) :%{D, (X,T)alsz’t)]_km (x,T)I(x,t)V(x,t)—k,,l (x,T)I2 (x,t)

“
(xt) 9 oV (x,t
a(t ) :S[DV (x,T) a(x )]_kl,v (x,T)I(x,t)V(x,t)—k,,,,, (x,T) Ve (x,t)
with boundary and initial conditions
ap(x,y,z,t)‘ _ ap(x,y,z,f)‘ =0, " x0)=f (). (&)
ox - ox -

Here p = L,V; I (x,t) is the spatiotemporal distribution of concentration of interstitials; D p(x,T) are
diffusion coefficients of interstitials and vacancies; k[,v(x’n is the parameter of recombination; terms
V2(x,t) and I?(x,t) correspond to generation of divacancies and analogous complexes of interstitials (see,
for example, [12] and appropriate references in this work); klvv(x,T), kIJ(x,T) and kv,v(x’n are
parameters of recombination of point defects and generation of their complexes. It could be take into
account generation another complexes of radiation defects (complexes with three or larger vacancies or
interstitials). But probability of generation of their complexes is smaller, than probability of generation
of divacancies and diinterstitials.
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Farther we determine spatiotemporal distributions of concentrations of divacancies F,, (x,f) and
analogous complexes of interstitials F; (x,f) by solving the following systems of equations [11,12]

9P, (1) q’;(t’“’t) - a%[n (x,T)(M)éiECx’t)]+ k,, (5.T) P (5.0)~k, (x.T) I (x.1)

(6)
ID, (x,t) 9 dD, (x,t
%3—[0 w)¥} by ()1 ()= (7)Y (5
with boundary and initial conditions
99, (21) 3%, g ¢ (01, o ™
ax =0 ax x=L

Here D 4,(x,T) and D g (x,T) are the diffusion coefficients of complexes of point defects; k,(x, T) and
ky(x,T) are decay parameters of complexes of point defects.

To determine spatiotemporal distributions of concentrations of radiation defects in pursuance of [13-
15] we transform approximations of diffusion coefficients of points defects in the following form:
D p(x,T):DO p[1+€pg p(x,T)], where D, o is the average values of diffusion coefficients. We used
analogous transformation of approximations of parameters of recombination of point radiation defects
and generation of their complexes: kI,V(x’D:kOI,V[1+SI,V gLV(x,T)], k”(x,T):kO”[1+8” g”(x,T)] and
ky D)= ko, [1+€,y 8y (1)), where k, 12 ATe appropriate average values. Let us introduce the

following dimensionless values: I(x,t)=1(x,¢)/I", V (x.t)=V (x.t)/V", x =x/L, 1 = YL, ¢=z/L,

¥=. D,,D,, L, o= sz(w / / D,D,, » Q,= szOp,p / \D,,D,, -The introduction leads to transformation of
Eqgs.(4) and conditions (5)

M0 B 0 P

00 :\/DD ax

or—or

~olive, g, (00)]1(2.0)7 (29)-[1ve, g, (27)] P (2.9)

(18 b, 9 97 (1.9)
PR _\/DO;)DOV ﬁ{[”%("’T)JT B ®
—a)[1+£1,,,gw ()(,T)}j(lﬂy)V(X’ﬁ)_gy[l'i'gv,vgv,rf (X’T)JVZ ()(,19)
0P(r9) 30y L gy l2?) ©)
aZ ‘JFO ax |x:l p*

Solution of equation (8) with conditions (9) we determined in pursuance of works [13-15] as the
following power series
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P(x:0)=2e, X/ X2, (1:0). 10)

j=0 k=0

Substitution the series (10) in the equations (8) and conditions (9) gives us possibility to obtain
equations and conditions for initial approximations of concentrations of point defects im( 1,19) and

Voo (2.0) and corrections for them I (y.9) and 7, (x.9), i 21, j 21, k 21. The equations and

ijk
appropriate boundary and initial conditions are presented in the Appendix. Solutions of the equations
could be determined by standard approaches (see, for example, [16,17]). Solutions of the equations
with account boundary and initial conditions are presented in the Appendix. We obtain the second-order
approximations of radiation point defects concentrations on all parameters €, ®, £ . The
approximation could be used for all parameters within the following intervals 0< €, ~ 02,0 w~0.2,
0<Q ,~ 0.2,

Farther we determine spatiotemporal distributions of concentrations of complexes of point defects.
To determine the distributions we transform the appropriate diffusion coefficients in the following
form: D, (x,1)=D, [1+e g (x,T)], where D, are average values of diffusion coefficients. In this
situation Eqgs.(6) could be transformed in the form

A0, (x,t J A
# =Dy x{[l‘*‘g@[gw (x’T)]#}-F

+k” (x,T) I’ (x,t)—k, (x,T)I(x,t)

20, (x,t J 70 Lot
% =Dy %{[H%r/gw (X’T)}%}-F

X

+kV’V (x,T) V? (x,t)—kV (x,T)V(x,t).

We determined solutions of these equations in the following form

d)p (x,t) =2£;pd)pi (x,t). (11)

=0

Substitution the series (11) into the equations (6) and appropriate boundary and initial conditions gives
us possibility to obtain equations for initial approximations of concentrations of complexes and
corrections for them. The equations are presented in the Appendix. Appropriate conditions are
presented in the Appendix. We obtain the second-order approximations of complexes of point defects
concentrations on parameter €y The approximation could be used for the parameter within the
following interval 0< g, ~ 0.2.

Spatiotemporal distribution of dopant concentration we determine by using the same approach as for
solution of the previous equation. In this situation we transform approximation dopant diffusion
coefficient in the following form: D, (x,7)=D, [1+ €, g, (x,7)]. In this situation we determine solution of
the Eq.(1) in the following form

C(xt) =& 3 EC, (x.0).

=0 &=l

Substitution the series in the Eq.(1) and conditions (2) gives us possibility to obtain equations for
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initial approximation of concentration of dopant distribution C,,(x,f) and correction for them Cij(x,t).
The equations and appropriate conditions for them are presented in the Appendix. We obtain the
second-order approximations of dopant concentrations on all parameters g, & The approximation
could be used for all parameters within the following intervals 0< g, ~ 0.2, 0< £~ 0.2.

Analysis of spatiotemporal distributions of dopant concentrations has been done analytically by
using the second-order approximation of dopant and radiation defects concentration. Farther the
distribution has been amended numerically.

3. DISCUSSION

The relations, obtained in the previous section, give us possibility to analyze and compare redistribution
of dopant and radiation defects in homogenous sample and heterostructure in Fig. 1 during annealing.
Spatial distributions in materials with OL and without OL are presented in Fig.2 for different values of
annealing time. Curves 1, 2 and 3 correspond to distributions of concentration of dopant in homogenous
sample without OL after annealing of radiation defects. Curves 4, 5 and 6 correspond to distributions
of concentration of dopant in the both: initial sample and OL. We consider the distributions of
concentration of dopant for such example, when thicknesses of both layers (initial sample and OL) are
equal to each other.

The figure shows, that during annealing of radiation defects one could obtain spreading of dopant.
We obtain, that presents of OL leads to increasing of difference between halfs of width at half height
of the distributions. However the difference could be obtained, when value of dopant diffusion
coefficient in OL outstrips value of dopant diffusion coefficient in initial homogenous sample. Due to
the difference one can obtain shifting of p-n-junction in the direction of OL. Spatial distributions of
radiation defects are qualitatively same with spatial distributions of dopant. One could be decrease
quantity of radiation defects by using multistage ion implantation and annealing of radiation defects
[10]. However in this situation one can obtain increasing of quantity of complexes of point defects [10].
It is known, that complexes of radiation defects are slow moving in comparison with point defects and
atoms of dopant. In this situation increasing of difference between halfs of width at half height of
distributions of concentrations of complexes of radiation defects distribution is behind from increasing
of difference between halfs of width at half height of distributions of dopant concentration distribution.
Hereby due to using OL one can obtain shifting of p-n-junction in area with smaller quantity of
radiation defects.
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Fig. 2. Spatial distributions of dopant in homogenous sample (curves 1-3) and in heterostructure
with overlayer (curves 4-6). Increasing of number of curves corresponds to increasing of
annealing time
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We analyzed spatial distributions of concentrations of point defects. The distributions are presented
in Fig. 3. The figure shows, that quantity of radiation defects decreases in area of p-n-junction. Reason
of the decreasing is smaller value of diffusion coefficient of point radiation defects in comparison with
value of dopant diffusion coefficient [2].

4. CONCLUSION

In this paper we consider redistributions of dopant and radiation defects in an implanted-junction
rectifier in the system homogenous sample — overlayer during annealing of radiation defects.
Recommendations to decrease quantity of radiation defects in the implanted-junction rectifier have
been formulated.
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Fig. 3. Spatial distributions of point radiation defects in homogenous sample (curves 1 and 2) and

in heterostructure with overlayer (curves 3 and 4). Increasing of number of curves corresponds to

increasing of annealing time

Appendix
Equations for functions I ( 1 ) and I7i/‘k ( 1,19) (i 20, j 20, k 20) could be written as

a[000( )= &8 000(7( 19) aVooo( 19)= &8217000(%,19).
L D, ox’ 9V D, 9y’ °

aiiOO(l’ﬁ) D01 aziiOO(l’ﬁ)-;- &i[g( T)a—jiloo(x’ﬁ—)]
JAVE

90 D, or D, d o
- , 121
aVzoo( 19) — Dy, aniOO (Z’ﬂ)_i_ Dy, i (l T)E)V, 100( 19)
90 D, op D, x5\ % o1

2
Mz D, 91y (2:9) _ [Hg e (1 T)] Lo (2:0) V0 (1:9)

99 Dy oy
Wy (2,0 D3V (x, ;
% . # (14,2, (27)) Do (2:9) Vo (2:9)
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aiozo(l’ﬁ): &82%20(%’&)_
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09 D
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Conditions for the functions 1 ( x1 19) and V ( P ,9) (i 20, j >0, k >0) are
Pooo (Z’O)=fp (Z)/p*’ [jijk (}(,0)20 i=1,j21,k21);

b, (2:9) _ 9Py (1:9) ~0. (i 20,20,k >0).
|, o

x=1

Solutions of these equations could be written in the following form
~ 1 2
Pow (x,ﬂ):z+zZQpc(x)enp(0) ’
n=1
where e, (l9)=exp(—n—2n219 ,DOV/DOI) , e, (19)=exp(—77:2n219.¢D01/D0V), ¢, () =cos (TVv Y,

ﬂp=%}cos(n’nu)fnp(u)du;

0

T (2:0) =25 [ 2 S e, (2)ey (9) () o ) 1) 2225 g0
Dy, o5 0 0 u

7o 2:0) =27 2 S e, (1)e, (9) ew(_f)an(u)gy(u,r)%i‘”)dudq,.217
[ n=1 0 0

where o (x) = sin (7 n );

P m):—zg ¢, (1.9)e,, (9) fe (~7) ]c(u)[ug,yg,y (1,7) ] T (1) Vi (w,7) d il

0 0
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9 =-2m 2 Sone, (1) () [, () [ ) () ) -
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Equations for the functions (I)p[. (x,7) (i 20), boundary and initial conditions for them could be written as

‘M:D M%“ (x.T) 1% (x0) =k, (x,T) I (x.1)

ot (i 9
2
l%t(x,t) = Dyoy aqj;Vi;z(x,t)"'kv,V (x,T)V2 (X,t)—kV (X,T)V(x,t)
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dD, (x,t ) (1 ] D,  (x,t
:95 ):D0d>1 (;x(z )+D0(D[a_x[gd)l(x’T) Ialx( )]

.
2@, (.1 I, (x.t P oo, (v.)] "
25 ): hor an_g )+D0®V_5’x[gw (x,T)_ V&,]x( )]

=0, 20; F,,O(x,O)=fFr (%), F (x,0)=0, i=1.

Solutions for the equations are

1 2¢
D)= Ll o), 1)

Here ¢, (t)=exp(—7r2n2D0®pt/L2), F, = j-cﬂ (u) £y (u)du, ¢ (L) = cos (mnx/L);
p v P

IS 29, o (u,‘r) .
2, (x,l) =—L—72r”2:;ncn (X)ed)pn (t) I Co,n (_T) Tsn (u)gq)p (”’T) :9 u dudz . izl

0 0

Here s,(L) = sin (7 n x/L).
Equations for the functions Cl.j(x,t) (i 20, j =20), boundary and initial conditions could be written as

JC,, (x,t) 9’ C, (x,t) :

ot % 9x?
dC,, (x,t 9’ C,(x.t d aC,_,(x.1) ] .oq.
g(t ) =D, aox(Z )+DOL a_x[gL (x,T) gox( )] izl
JC,, (x,t) _p, 9’ C, (x,t) D, i cy, (x,t) aC,, (x,t) ;
ot ox’ ax_P}'(x,T) Jx |
aC,, (x,t) b o’ C, (x,t) D i C (x,t) daC,, (x,t) .
ot o X’ oL dx| P’ (x,T) Jx |

d C M (x,8)0C (x,t
+DOL£|:C01('X’I) PO:()(C’T)) Ogi )]’

BZC“(x,t)+D i thgl(x,t)aCOO(x,z)

ot o 9x? ot Bx{cm( ’ ) Py(x,T) 0x ]
91 Cl (x,t) aC,, (x,t) p) JC,, (x,t) )
Do, 5[137 (x,T) dx +8_x EL (X’T) ox ’
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ac,,-(x,t)’ jC,-,-(x,t)% _0- 120,/ 20; Coyx.0)=f,. (x), C;(x,0)=0, i 21, /1.
dx ox
x=0 x=L

I 2
Cy (x,t) = Z+ZZF"CC(X) e (t) .
n=1

Here e, (t):exp(—n’znzDOCt/Lz), F.= jcn (u)fC (u)du;
0

(2225, (e () e () o, ), () 22T g
n=1 0 0
c _2ns j j Cly (u,7) 9C,, (u,7)
01(x,t)——FZnElccn(x)enc(t) enc(—T) sn(u) dudrt
n=1 0
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