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ABSTRACT

In this paper we consider an approach of manufacturing more compact field-effect heterotransistors. The
approach based on manufacturing a heterostructure, which consist of a substrate and an epitaxial layer
with specific configuration. After that several areas of the epitaxial layer have been doped by diffusion or
ion implantation with optimized annealing of dopant and /or radiation defects. At the same time we intro-
duce an approach of modification of energy band diagram by additional doping of channel of the transis-
tors. We also consider an analytical approach to model and optimize technological process.
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1. INTRODUCTION

Development of solid state electronic leads to increasing performance of the appropriate electron-
ic devices [1-11]. At the same time one can find increasing integration rate of integrated circuits
[1-3,5,7]. In this situation dimensions of elements of integrated circuits decreases. To increase
performance of solid-state electronics devices are now elaborating new technological processes of
manufacturing of solid state electronic devices. Another ways to increase the performance are
optimization of existing technological processes and determination new materials with higher
values of charge carriers mobilities. To decrease dimensions of elements of integrated circuits
they are elaborating new and optimizing existing technological processes. Framework this paper
we introduce an approach to decrease dimensions of field-effect heterotransistors. At the same
time we introduce an approach of modification of energy band diagram for regulation of transport
of charge carriers. The approach based on manufacturing a field-effect transistor in the hetero-
structure from Fig. 1. The heterostructure consists of a substrate and an epitaxial layer. They are
have been considered four sections in the epitaxial layer. The sections have been doped by diffu-
sion or ion implantation. Left and right sections will be considered in future as source and drain,
respectively. Both average sections became as channel of transistor. Using one section instead
two sections leads to simplification of structure of transistor. However using additional doped
section framework the channel of the considered transistor gives us possibility to modify energy
band diagram in the structure. After finishing of the considered doping annealing of dopant and/or
radiation defects should be done. Several conditions for achievement of decreasing of dimensions
of the field-effect transistor have been formulated.
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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 [12,13]

&C(x,y,z,t):i DC&C(x,y,z,t) +i DC&C(x,y,z,t) +i DC&C(x,y,z,t) e
dt dx dx dy dy dz dz

Boundary and initial conditions for the equations are

I R T N

D_opant 1 | Dopant 2, Dopant 3 Dopant 4
(Source) | (Channel) (Drain)
Substrate

Fig. 1. Heterostructure, which consist of a substrate and an epitaxial layer.
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Here the function C(x,y,z,f) 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 [14-16]

3)

7 2
D, =DL(x,y,z,T){1+§ C (x,y,z,t)}{prgl V(x,y,z,t)+ 1% (x,y,z,t) .

PV(X,y,z,T) & S (V*)z

Here function D; (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
interval ye[1,3]. The parameter describes quantity of charged defects, which interacting (in aver-
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age) with each atom of dopant. Ref.[14] 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 [15,16]

aI(x,y,z,t)zi D,(x,y,z,T)aI(x’y’Z’t) +i D,(x,y,z,T)aI(x’y’Z’t) —k”(x,y,z,T)x
ot dx ox dy| dy
d oI(x,y,z.1)]
X Iz(x, ¥, z,t)+ B_{Dl (x, Y, z,T)% -k, (x,y,z,T) I(x, v, z,t) V(x, y, z,t) @
z z |

ot 0x dx a_y dy

M:i{l)‘/ (x.. Z,T)M}r 9 | b (x.y. Z,T)M}_ ko (6, 2.T)

)BV(x,y,z,t)

X VQ(x, v, z,t)+
0z

0
_|:DV(‘x’y’Z’T }—k,_v(x,y,z,T)I(x,y,z,t) V(X,y,Z,t).

0z

Boundary and initial conditions for these equations are

opley.zt) _o 0pleyzt) _ o opleyzt) _o 0pleyzt) |
ox - ’ dox . ’ dy o ' dy . ’
d d
9pley.c) =0, 9plxy.z) =0, p (xy.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,7). 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,2,T), k; (x,y,z,T) and ky(x,y,z,T), respectively.

Now let us calculate distributions of concentrations of divacancies @y(x,y,z,t) and diinterstitials
PD(x,y,z,t) in space and time by solving the following system of equations [15,16]

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

P, (x, y,z,t)

o—)Z }+k“(x,y,z,T)I2(x,y,z,t)—k,(x,y,z,T)I(x,y,z,t) (6)

d
+0')_Z|:Dd>1 ('x’ y’Z’T)

o, (x,y.z2.1) 2
TR e) 2 (xy.zT .
It &x[ o .32 T Iy

I®,(x,y, z,t)} N Jd
dy

{qu (v 3.2 T)M} .\

+j[aw (v yr)”g”}k oy 2TV (2 ys2.0) =k, (2. TV (5, 220).
Z Z
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Boundary and initial conditions for these equations are

8¢p(x,y,z,t) _0. E)CDP(x,y,z,t) ’ Bép(x,y,z,t) _o, E)CIDP(x,y,z,t) _o.
a X x=0 a X x=L, a y y=0 a y y=L,
0D (x,y,z,t 0P (x,y,z,t
% -0, (ay) =0, @ (1.y.2.0)=far (13.2), Dy (1.7.2.0)=F o (x.y.2). (T)
z=0 z 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,T) 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

xXyz 3z _1 Yz V(X,V,W,Z-) VZ(X,V,W,T)
LLL 1L{£C(u,v,w,t)dwdvdu—{Lj“Lj:DL(x,v,w,T) |:1+gl v g (V*)Z
4 rx oz 4
y 1+§C (x,v,w,7) o"C(x,v,w,T)dT vz “111D, (v, wT) 1+§C (e, y,w,7) o
P’(x, v, W,T) Jdx LL i P’(x, v, z,T)

J [D, (w.r.2.7) x

+ T re
V‘ GZ (V*)Z ay LXLZ

+¢

v vy }

xyZ X Zz
u,v,w)dwdvdu . la
. Hf( ) (1a)

Xy Tz

1+¢&

X{I_FGIV(M,)),W,T) v (u,y,w,f)}a Clu,yw.7)

2 4
X[HglV(u,v,Zﬂ) VZ(u,v,2,7) 9 (u,v,z,f)}Q C(u,v,z,r)dl_ Xy |

P7(x,y,z,T) Jdz LL

—

+

~

Now let us determine solution of Eq.(1a) by Bubnov-Galerkin approach [17]. 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, 1t (L;2 + L;Z +L? )J, ¢,(x)=cos (7 n 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

S Wb @e)= - St eble e o] »

Tt oeAn’ L.

N
DL ('x7 v, W, T)Z anC Sn ('x) Cn (V) X

n=1

X

P (x,v,w,T I’ T (V*)2

4 N V(x,v,w,7) V2 (x,v,w,7)
)Hl g }
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L oL, m=l u, y,w,T
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iptunen i S cwebole)] |

P7(u,v,z,T) n=l

where s,(¥)=sin(7n y/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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- )5 Z%;f enc(t):_

11

0000

LL.
|

4 27

(a1 Face (e () ele)] x

# V(x,y,z,r) VQ(x,y,Z,z') Ya,.
XP’(x,y,z,T)HHgl v Ty 25, (2x) ¢, (v) ¢, (2) e, (T)x

y

s (s rale - es (£ o)l aca yasar— 1 e

T T O e L

i P7(x,y,2.T) 1%

(V* )2

L L L L L
L ;cn(x>sn(zy>cn(z>enc(f>{zsn(z>+—z[cn(z>—ﬂ}dzdydxdr—*—;x
27 n 27

P’(x, v,2,T

”“{1[2 () e(y)cn<z>enc<f)]’%}[l+gzw+

V(x, y,z,f)}
Vv

Do), ()6, ), 0, () L e o)1)

n=l N



Advances in Materials Science and Engineering: An International Journal (MSEJ), Vol. 3, No. 1, March 2016

X{ys (y)+

Xz{y s, (y)+

;[cn 1]} dzdydxdr+§1{XS( )+L[Cn(x)_1]}x

n=1 mn

L, L_
-1l @ L le Gl sy,
As an example for =0 we obtain

o= 1{rs 0 2le - e 00
clefo)-1 o 2 eoe 0 s 00+
o

e etz e D fe e (s (e 2l (-1 T o), 0

o'—.“

Lot e asa st 0

=011, e

n Vv’ ? (V*)2

X{an(z)+ L, [cn(z)—l]}{Hm}[Hgl V(x,y,z,f)+g Vz(x,y,z,f)}x
(x)

g
)
xD, (x,v,2,T) dzdydxdr+jenC(T)Lfc” (x){xs x)+
0 0

£l -1 e ) .0

n(y)—l]}Isn(%) D,(x,y,2.T) {1+#J[1+QW+

P’(x, v,2,T

27272 -
+g1V(L*’Z’T)}dzdydxdT}—LZ€Zl; enc(t)J .
\% nn

For =1 one can obtain the following relation to determine required parameters

L,
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P(x,y,z.T)

e -1 fe (052N (- Lol -1

{ x,y,z,T)
(3,27 [ x y’Z’ )+g2V2(x’*y’Z’T)}dzsn(2y)dydxd1'+§LxL"'><
P(x,y,2,T) (V')2 z’n
’ (Vs () Pelny.2T) V(xyz7)  Vixyz7)
cfecteleolfe. s a2l g Ylsrad o Ve,
w0 Lol - s 004 Zole )=l dza vz = 2 e o)

XIS" (2x)1'c” ) {y 5, (y)+ 71;n le, (v)- 1]}1@ (2) {1 iV (x,vy: 27) c, v ((3‘5;3’),21,7)} 9

x D, (x,y,z.T) {zsn(z)+£[cn(z)—l]}d zdydxdt+ L"LZZ fe, (0)[c,(x)]s, (2y)x
n 2nmw o 0

0

X<xS x+ic x)— i x,y,z2,T)c,(z)| 1+ V(x,y,z,’r)+ Vz(x,y,z,r)x
frso)s e -, e 0 16 K2 g V)

cfes e Lol -facavasars e @ )+ Eole ()1

n

Xc, (x)z{y s, (y)+%[cn (y)—l]}LgDL(x, v, z,T) {l.ygl V(x‘jz z,T) +¢, V2((J;*y),zz,f)} X

XS, (22) dzc, (y)d ydxdr—- LiLiLzzenC (t)/7z5n6

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 Egs.(4). Previously we trans-
form the differential equations to the following integro- differential form

=1 dwdvdu= 2D, () D gy gy
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X V(u,v, w,t) dwdvdu+
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We determine spatio-temporal distributions of concentrations of point defects as the same series

puxy.z)=2a,c,(x)e, () e, e, ().

Parameters a,, should be determined in future. Substitution of the series into Eqs.(4a) leads to the
following results

IR (5,005, e, ()= Sa, [ e 0)]e, @)D, (e vwT) dw v x
T~ n=ln LXLyLZ n= 0L,
Xz N t X z
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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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0 27n 27Z'L'v n=l 17 00

ers Ll o) 110 e ves 22055 e o)l )
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In the final form relations for required parameters could be written as

— _b3 + A + (b3 +A)2 _4b b3y_ 7nvﬂi1 — j/nlaj[ + 5n1an1 + ﬂnl
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21;11 lc, (2z)—1]}d zdydxe,({)e, (1),
:I{xsxxn%[cn( - 1]} { I 0)- 11}Lg{zsn(z)+%[cn(z)_l]}x
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We determine distributions of concentrations of simplest complexes of radiation defects in space
and time as the following functional series

(5,3, 2.1)=2a,,c,(x) ¢, (0) c, () e,, (1)

Here a, 4, are the coefficients, which should be determined. Let us previously transform the Egs.
(6) to the following integro-differential form
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aBAd Hj@,(u,v,w,t)dwdvduzjﬁDq),(x,v,w,T)dedvdrx
LXLyLZ LLyL, 0LyL, 3)C
V2 A2 () R g XY D, (e T)x
LyLZ LXLZ 0LL, e 8)1 LxLy 0LLy e
devdudz'+ AR fjjk,,(u,v,w,T)Iz(u,v,w,T)dwdvdu— (6a)
dz LXL),LZ LLyL,
_Lfl},)‘ZL j}j}ik,(u,v,w T)I(u,v,w, T)deVdu—i_LxLy L ji!f¢,(u,v,w)dwdvdu
YL Hj@v(u,v,w,t)dwdvdu jHDw(x,v,w,T)dedvdrx
LXL'v LZ L.L,L, 0LyL, 9x
x yz " XZ JI-TJ-D (Lt y WT)ach(u’y’w’T)deudT-l- Xy Jt.jgj.D (M v ZT)X
LyLZ LXLZ 0L,L, v &y LxLy 0LLy v
xwdvdudr+ 1Y% f}jkvV(u,v,w,T)Vz(u,v,w,T)dwdvdu—
o”z Lxllyl,Z L.L,L,

= ﬁjkv(u,\/,w,T)V(u v, wT)dwdvdu+
LLvL

S i e S

fjij;fév(u,v,w)deVdu.

xyz yhz

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, (0, 0 e, 0)c, ()

LLL

X

xD,, (x,v,w,T)dwdvdt— X2 amj T jc(u)c(w) D,,(u,v,w,T)dwdudt x
LLL = ""oii

X

P S a5, (2)en, O ] T, )e, (v) Dy, (uv.2.T) dvdud 7+
L L L n=1 0L.L

x by

xns,(y)e,q, ()=

+ LLE, ]VTjku(u,V,W,T)Iz(u,V,W,T)ddedu+ Tﬁf@(u,v,w)dwdvdux

xyz xyZ Xy z
X - k\u,v,w,T) I u,v,w,7)dwdvdu
LLL LLL LULI /| 1 )
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x D,, (x,v,w,T)dwdvdt— ak2 in} T jcn(u)cn(w) D,, (w,v,w,T)dwdudt x
0L.L,

LLL, ~

Xa

oy Sy (y)enqw (t)_

d insn(z)enw(t)“ cn(u)cn(v) Dd)v(u,v,z,T)dvdudTX

LLL =

X

Te—u

Zkv_v (w0, v, w, TV ?*(u,v,w,7)d wd vd u+ j j Ifq,v(u,v,w)dwdvdu X

—
rh —

xXyz  Xxyz
LLL LLL.

jjjkv (w,v,w,T)V (u,v,w,7)d wdvdu.
LLL

We used orthogonality condition of functions of the considered series framework the heterostruc-
ture to calculate coefficients a,q,. The coefficients a,4, could be calculated for any quantity of
terms N. In the common case equations for the required coefficients could be written as

LiLz‘,Li Nda.,, 1 w~tk
o rem)= 2 [, 2x]J{L +ys,(29)+ [c 2y) 1]}x

JC n=10 0

L L i Ly
w@,(x,y,z,r){zsn(zn : [cn<z)—11}dzdydxem<f>df—iimxsxzxn
noo 2xn 2

n<zx>—11}1“[1—cn(zy)TgD@,(x,y,z,n{zsn(zwz%;n[cn<z)—11}dzdydxx

xay ol L § IT{xsm Ll m-u}?{ysn(zmi[cn(zy)—m
n L'v 2L = n” 0o n 0 27Tn
+LJfli-c. @D, (xy.2T)dzd yd e, (Ddrr— S50 e, (@ >?{ (-1

s Ny 0 e - sl (e S o)1

e, (y)-1]+

fzxn ()~ I]}E{ 2€rn

2];; [C”(Z)—l]}k,(x,y,z,T)] (x’y,z,l)dzdydx+%§:a"—f’x
n

aE=%

1 t L,
+zsn(z)}dzdydx——3§a"f’ e, (z')j{xs (x)+
T n=l N~ o 0

+ ysn(y)}z{z s, (2)+

t

e @ 55,04 e - s

e, (2)-1]+

* 2€m e, (v )_l]ﬁ{zl;m
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+25,(2)} o (x.y.2)dzd yd x

LZLZL2 Na., 1 N Ly
o ; nd:’ enq)v(t) 2L EM[I c, 2x]j{L +ys, (2y)+ [c 2y) l]}x

Do j (6 y,z ){ sn(z)+%[cn(z)—l]}dzd ydxe,@v(f)df—iiﬁ{xsn(ZxH

27T =10 0

+Lx+2Lx[c,z(zﬂ—ﬂ}?n—cn<zy>1TD¢V<x,y,z,r>{zsn<z>+Lz[c"<z>—11}dzdydxx
Tn 0 0 27wn

Xa e”q’V(T)dT— I %a”‘wﬁ{xs”(x)+

v n’L, 2zl = n’

e s o) e )i

e -1+

L. 1 z Ly
+L}fli-e,2y)1D,, (v 2T)d 2d yd e, (D) o+ > L fe (o) {
0 n=l N 0 0

s {0 e -V e (e S )1

res e yax=b 34 fe 0 s (el -]

L,
—[c,(v)-1]+
0 0 0 n

+ys, (y)}LI;{Z s, (2)+

{xsn(x)+

3. DISCUSSION

1

L. [Cn (Z)—l]}kv (x,y,2.T)V (x,y,2,t)d zd ydx+i3§:a"%x
27n
X.([endl'v (T) 2 [Cn (Z)—1]+

Sl s s e -

+ZS,1(Z)}f¢v(X,y,Z)dZdydx-

ol

In the present paper we analyzed redistribution of infused and implanted dopants in heterostruc-
ture, which have been presented on Fig. 1. The analysis has been done by using relations, calcu-
lated in the previous section. First of all we consider situation, when dopant diffusion coefficient
in doped area is larger, than in nearest areas. It has been shown, that in this case distribution of
concentration of dopant became more compact in comparison with wise versa situation (see Figs.
2 and 3 for diffusion and ion types of doping). In the wise versa situation (when dopant diffusion
coefficient in doped area is smaller, than in nearest areas) we obtained spreading of distribution of
concentration of dopant. In this case outside of doping material one can find higher spreading in
comparison with wise versa situation (see Fig. 4).

It should be noted, that properties of layers of multilayer structure varying in space: varying lay-
ers with larger and smaller values of the diffusion coefficient. In this situation with account re-
sults, which shown on Figs. 2-4, layers of the considered heterostructure with smaller value of
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dopant should has smaller level of doping in comparison with nearest layers to exclude changing
of type of doping in the nearest layers. For a more complete doping of each section and at the
same to decrease diffusion of dopant into nearest sections it is attracted an interest optimization of
annealing of dopant and /or radiation defects. Let us optimize annealing of dopant and/or radia-
tion defects by using recently introduce criterion [18-23]. Framework the criterion we approx-
imate real distribution of concentration of dopant by idealized step-wise distribution of concentra-
tion ¥ (x,y,z) (see Figs. 5 and 6 for diffusive or ion types of doping). Farther we determine optim-
al annealing time by minimization of mean-squared error

154 A
1.0
)
=
)
0.5
Epitaxial layer Substrate
|
|
0.0 —t —
0 L4 L2 3L/4 L
x

Fig.2. Spatial distributions of infused dopant concentration in the considered heterostructure.

The considered direction perpendicular to the interface between epitaxial layer substrate. Differ-
ence between values of dopant diffusion coefficient in layers of heterostructure increases with
increasing of number of curves

2.0
] 1
1.5
@
2 1.0+
)
Epitaxial layer Substrate
0.5
0.0

T T T

0 L/4 L2 3L/4 L
X

Fig.3. Spatial distributions of infused dopant concentration in the considered heterostructure.

Curves 1 and 3 corresponds to annealing time ®=0.0048(LX2+Ly2+L12)/D0. Curves 2 and 4 corres-
ponds to annealing time @=0.0057(LX2+L},2+L22)/D0. Curves 1 and 2 corresponds to homogenous
sample. Curves 3 and 4 corresponds to the considered heterostructure. Difference between values
of dopant diffusion coefficient in layers of heterostructure increases with increasing of number of
curves
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C(x,0)

0.8 +

0.6 T T 1

-a,=-L/3 0 a=2L/3 L
X

Fig.4. Implanted dopant distributions in heterostructure in heterostructure with two epitaxial layers (solid
lines) and with one epitaxial layer (dushed lines) for different values of annealing time.

Difference between values of dopant diffusion coefficient in layers of heterostructure increases
with increasing of number of curves

LyL

U_;b[bf‘:.([c(x»)’»z’@)_‘//(%y,z)]dzdydx. (8)

CLLL

Dependences of optimal annealing time are shown on Figs. 7 and 8 for diffusion and ion types of
doping. It should be noted, that after finishing of ion doping of material it is necessary to anneal
radiation defects. In the ideal case after finishing of the annealing dopant achieves nearest inter-
face between materials of heterostructure. If the dopant has no time to achieve the interface, it is
practicably to additionally anneal the dopant. The Fig. 8 shows dependences of the exactly addi-
tional annealing time of implanted dopant. Necessity of annealing of radiation defects leads to
smaller values of optimal annealing time for ion doping in comparison with values of optimal
annealing time for diffusion type of doping. Using diffusion type of doping did not leads to so
large damage in comparison with damage during ion type of doping.

C(x,0)

\\

0 L

x

Fig. 5. Distributions of concentrations of infused dopant in the considered heterostructure.

Curve 1 is the idealized distribution of dopant. Curves 2-4 are the real distributions of concentra-
tions of dopant for different values of annealing time for increasing of annealing time with in-
creasing of number of curve
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Fig. 6. Distributions of concentrations of implanted dopant in the considered heterostructure.

Curve 1 is the idealized distribution of dopant. Curves 2-4 are the real distributions of concentra-
tions of dopant for different values of annealing time for increasing of annealing time with in-
creasing of number of curve

Dependences of optimal annealing time are shown on Figs. 7 and 8 for diffusion and ion types of
doping. It should be noted, that after finishing of ion doping of material it is necessary to anneal
radiation defects. In the ideal case after finishing of the annealing dopant achieves nearest inter-
face between materials of heterostructure. If the dopant has no time to achieve the interface, it is
practicably to additionally anneal the dopant. The Fig. 8 shows dependences of the exactly addi-
tional annealing time of implanted dopant. Necessity of annealing of radiation defects leads to
smaller values of optimal annealing time for ion doping in comparison with values of optimal
annealing time for diffusion type of doping. Using diffusion type of doping did not leads to so
large damage in comparison with damage during ion type of doping.
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0.0 0.1 0.2 0.3 0.4 0.5
a/L, &, €,y
Fig.7. Optimal annealing time of infused dopant as dependences of several parameters.

Curve 1 is the dependence of the considered annealing time on dimensionless thickness of epitax-
ial layer a/L and &= y=0 for equal to each other values of dopant diffusion coefficient in all parts
of heterostructure. Curve 2 is the dependence of the considered annealing time on the parameter €
for a/L=1/2 and &= y=0. Curve 3 is the dependence of the considered annealing time on the para-
meter & for a/L=1/2 and €= y=0. Curve 4 is the dependence of the considered annealing time on
parameter yfor a/L=1/2 and £=£=0

17



Advances in Materials Science and Engineering: An International Journal (MSEJ), Vol. 3, No. 1, March 2016

0.12 4

0.08 4

S

®D,L’

R
0.04 —\<3

0.00

T T T T T T T 1
0.0 0.1 0.2 0.3 0.4 0.5
a/L, & ey

Fig.8. Optimal annealing time of implanted dopant as dependences of several parameters.

Curve 1 is the dependence of the considered annealing time on dimensionless thickness of epi-
taxial layer a/L and £= =0 for equal to each other values of dopant diffusion coefficient in all
parts of heterostructure. Curve 2 is the dependence of the considered annealing time on the para-
meter & for a/L=1/2 and £= y=0. Curve 3 is the dependence of the considered annealing time on
the parameter & for a/L=1/2 and &= y=0. Curve 4 is the dependence of the considered annealing
time on parameter yfor a/L=1/2 and £=£=0

4. CONCLUSIONS

In this paper we introduced an approach to manufacture of field-effect of transistors which gives a
possibility to decrease their dimensions. The decreasing based on manufacturing the transistors in
a heterostructure with specific configuration, doping of required areas of the heterostructure by
diffusion or ion implantation and optimization of annealing of dopant and/or radiation defects.
Framework the approach we introduce an approach of additional doping of channel. The addi-
tional doping gives us possibility to modify energy band diagram. We also consider an analytical
approach to model and optimize technological process.

ACKNOWLEDGEMENTS

This work is supported by the agreement of August 27, 2013 Ne 02.B.49.21.0003 between The
Ministry of education and science of the Russian Federation and Lobachevsky State University of
Nizhni Novgorod, educational fellowship for scientific research of Government of Russia, educa-
tional fellowship for scientific research of Government of Nizhny Novgorod region of Russia and
educational fellowship for scientific research of Nizhny Novgorod State University of Architec-
ture and Civil Engineering.

REFERENCES

1. J.Y. Fang, G.Y. Lee, J.I. Chyi, C.P. Hsu, Y.W. Kang, K.C. Fang, W.L. Kao, D.J. Yao, C.H. Hsu,
Y.F. Huang, C.C. Chen, S.S. Li, J.A. Yeh, F. Ren, Y.L. Wang. Viscosity-dependent drain current
noise of AlGaN/GaN high electron mobility transistor in polar liquids. J. Appl. Phys. Vol. 114
(20). P. 204503-204507 (2013).

2. G. Volovich. Modern chips UM3Ch class D manufactured by firm MPS. Modern Electronics. Is-
sue 2. P. 10-17 (2006).

3. A. Kerentsev, V. Lanin. Constructive-technological features of MOSFET-transistors. Power Elec-
tronics. Issue 1. P. 34-38 (2008).

4. A.O. Ageev, A.E. Belyaev, N.S. Boltovets, V.N. Ivanov, R.V. Konakova, Ya.Ya. Kudrik, P.M.
Litvin, V.V. Milenin, A.V. Sachenko. Au-TiBx—n-6H-SiC Schottky barrier diodes: the features of
current flow in rectifying and nonrectifying contacts. Semiconductors. Vol. 43 (7). P. 897-903
(2009).

18



Advances in Materials Science and Engineering: An International Journal (MSEJ), Vol. 3, No. 1, March 2016

5. C. Senthilpari, K. Diwakar, A.K. Singh. Low Energy, Low Latency and High Speed Array Divider
Circuit Using a Shannon Theorem Based Adder Cell. Recent Patents on Nanotechnology. Vol. 3
(1). P. 61-72 (2009).

6. M.M. Fouad, HH. Amer, A.H. Madian, M.B. Abdelhalim. Current Mode Logic Testing of
XOR/XNOR Circuit: A Case Study. Circuits and Systems. Vol. 4 (4). P. 364-368 (2013).

7.  S.A. Chachuli, P.N.A. Fasyar, N. Soin, N.M. Karim, N. Yusop. Pareto ANOVA analysis for
CMOS 0.18 um two-stage Op-amp. Mat. Sci. Sem. Proc. Vol. 24. P. 9-14 (2014).

8. M.J. Kumar, T.V. Singh. Quantum confinement effects in strained silicon MOSFETs MOSFETs.
Int. J. Nanoscience. Vol. 7 (2-3). P. 81-84 (2008).

9. D. Fathi, B. Forouzandeh. Accurate analysis of global interconnects in nano-FPGAs. Nano. Vol. 4
(3). P. 171-176 (2009).

10. D. Fathi, B. Forouzandeh, N. Masoumi. New enhanced noise analysis in active mixers in nanos-
cale technologies. Nano. Vol. 4 (4). P. 233-238 (2009).

11. Jung-Hui Tsai, Shao-Yen Chiu, Wen-Shiung Lour, Der-Feng Guo. High-performance In-
GaP/GaAs pnp d-doped heterojunction bipolar transistor. Semiconductors. T. 43 (7). C. 971-974
(2009).

12. V.I. Lachin, N.S. Savelov. Electronics (Phoenix, Rostov-na-Donu (2001).

13. N.A. Avaev, Yu.E. Naumov, V.T. Frolkin. Basis of microelectronics (Radio and communication,
Moscow, 1991).

14. Z.Yu. Gotra. Technology of microelectronic devices (Radio and communication, Moscow, 1991).

15. V.L. Vinetskiy, G.A. Kholodar', Radiative physics of semiconductors. ("Naukova Dumka", Kiev,
1979, in Russian).

16. P.M. Fahey, P.B. Griffin, J.D. Plummer. Point defects and dopant diffusion in silicin. Rev. Mod.
Phys. Vol. 61. Ne 2. P. 289-388 (1989).

17. M.L. Krasnov, A.L Kiselev, G.I. Makarenko. Integral equations ("Science", Moscow, 1976).

18. E.L. Pankratov. Dopant diffusion dynamics and optimal diffusion time as influenced by diffusion-
coefficient nonuniformity. Russian Microelectronics. 2007. V.36 (1). P. 33-39.

19. E.L. Pankratov. Redistribution of dopant during annealing of radiative defects in a multilayer
structure by laser scans for production an implanted-junction rectifiers. Int. J. Nanoscience. Vol. 7
(4-5). P. 187-197 (2008).

20. E.L. Pankratov. Decreasing of depth of implanted-junction rectifier in semiconductor heterostruc-
ture by optimized laser annealing. J. Comp. Theor. Nanoscience. Vol. 7 (1). P. 289-295 (2010).

21. E.L. Pankratov, E.A. Bulaeva. Application of native inhomogeneities to increase com pactness of
vertical field-effect transistors. J. Comp. Theor. Nanoscience. Vol. 10 (4). P. 888-893 (2013).

22. E.L. Pankratov, E.A. Bulaeva. An approach to manufacture of bipolar transistors in thin film struc-
tures. On the method of optimization. Int. J. Micro-Nano Scale Transp. Vol. 4 (1). P. 17-31 (2014).

23. E.L. Pankratov, E.A. Bulaeva. Increasing of sharpness of diffusion-junction heterorectifier by us-
ing radiation processing. Int. J. Nanoscience. Vol. 11 (5). P. 1250028-1250035 (2012).

Authors:

Pankratov Evgeny Leonidovich was born at 1977. From 1985 to 1995 he was educated in a secondary
school in Nizhny Novgorod. From 1995 to 2004 he was educated in Nizhny Novgorod State University:
from 1995 to 1999 it was bachelor course in Radio physics, from 1999 to 2001 it was master course in Ra-
diophysics with specialization in Statistical Radio-physics, from 2001 to 2004 it was PhD course in Radio-
physics. From 2004 to 2008 E.L. Pankratov was a leading technologist in Institute for Physics of Micro-
structures. From 2008 to 2012 E.L. Pankratov was a senior lecture/Associate Professor of Nizhny Novgo-
rod State University of Architecture and Civil Engineering. 2012-2015 Full Doctor course in Radio physi-
cal Department of Nizhny Novgorod State University. Since 2015 E.L. Pankratov is an Associate Professor
of Nizhny Novgorod State University. He has 135 published papers in area of his researches.

Bulaeva Elena Alexeevna was born at 1991. From 1997 to 2007 she was educated in secondary school of
village Kochunovo of Nizhny Novgorod region. From 2007 to 2009 she was educated in boarding school
“Center for gifted children”. From 2009 she is a student of Nizhny Novgorod State University of Architec-
ture and Civil Engineering (spatiality “Assessment and management of real estate”). At the same time she
is a student of courses “Translator in the field of professional communication” and “Design (interior art)” in
the University. Since 2014 E.A. Bulaeva is in a PhD program in Radio-physical Department of Nizhny
Novgorod State University. She has 90 published papers in area of her researches.

19



