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ABSTRACT

In this paper we consider an approach to increase integration rate of foeld-effect heterotransistors. The approach
based on manufacturing a heterostructure with required configuration, doping of required areas of the
heterostructure by diffusion or ion implantation and optimized annealing of dopant and/or radiation defects.
Framework this paper we consider a possibility to manufacture with several channels. Manufacturing multi-
channel transistors gives us a possibility the to increase integration rate of transistors and to increase electrical

current through the transistor.

INTRODUCTION

In the present time integration rate of elements
of integrated circuits intensively increasing™®™. In-
creasing of the integration rate |leads to necessity to
decrease dimensions of these elements. To decrease
thesedimensionsit is attracted an interest laser and
microwavetypesof annealing®*?. It isal so attracted
an interest radiation processing of doped materials
to solve the same problem(314,

In this paper we consider manufacturing amulti-
channel heterotransistor with common gate. The
heterostructure consist of a substrate and epitaxial
layer. The epitaxia layer includes into itself sev-
eral sections (see Figure 1). After manufacturing of
the required quantity of channels they should be
doped to generation required type of conductivity (n
or p). Farther dopant and/or radiation defects should
be annealed. Increasing of annealing time leads to
increasing of quantity of dopant in nearest materi-
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ds. Decreasing of annedingtimegivenot possibility to
organizefull doping of channelsof trangstors. Mainam
of the present paper ischoosing of compromisevaue
of annealing timeto organizefull doping of channelsof
trans storsand at the sametimeto decrease quantity of
dopant in nearest materias.

METHOD OF SOLUTION

To achieve our aim we determine spatio-tempo-
ral distributions of concentrations of dopant and ra-
diation defects. We determine the required distribu-
tion of concentrations of dopant by solution of the
following boundary problem
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Figure la : Heterostructure which consist of a substrate and an epitaxial layer. Side view
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Figure 1b : Heterostructure which consist of a substrate and an epitaxial layer. Top view
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Here C(x,y,z,t) isthe spatio-temporal distribution of concentration of dopant; T is the temperature of
annealing; D_ isthe dopant diffusion coefficient. Vaue of dopant diffusion coefficient depends on proper-
ties of materialsin layers of heterostructure, speed of heating and cooling of heterostructure (accounting
for the Arrheniuslaw). Dependence of dopant diffusion coefficient on parameters could be approximated
by the following rel ation(*416

e | L T | R

whereD (x,y,z,T) isthespatia (duetoinhomogeneity of heterostructure) and temperature (duetoArrhenius
law) dependences of dopant diffusion coefficient; P(x,y,z, T) isthelimit of solubility of dopant; parameter
v depends on properties of materialsand could beinteger inthefollowinginterval y e[1,3]™; V (x,y,z,t) is
the spatio- temporal distribution of concentration of dopant; V" isthe equilibrium distribution of distribu-
tion of vacancies. Reason of presents of radiation part in approximation (3) is generation of radiation
vacancies. In this situation value of dopant diffusion coefficient increases. Now one can find coupling of
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redistribution of dopant and radiation defects. Concentrationa dependence of dopant diffusion coefficient has
been described indetailed in™, It should be noted, that using diffusion type of doping did not |eadsto generation
radiation defectsand = C,=0.

We determine spatio- temporal distribution of concentration of radiation defects by solving the follow-
ing boundary problem(*#16l

ol (x,y,z,t)zi{DI (x y’z’_l_)al (x,y,z,t)}r 0 {D| (x,y,z,T)m (X, y,z,t)}r
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Here p =I,V; | (X,y,z,t) isthe spatio-temporal distribution of concentration of interstitials; Dp(x,y,z,T)
are the diffusion coefficients of interstitials and vacancies; terms V2(x,y,z,t) and 1%(x,y,z,t) corresponds to
generation of divacancies and diinterstitias; k, , (x,y,z,T), k ,(x,y,z,T) and k,, (x,y,z,T) are parameters of
recombination of point defects and generation their complexes.

We determine spatio-tempora distribution of concentrationsof divacancies®,, (x, y,z,t) and diinterstitials
@, (x,y,z,t) by solution of the following boundary problem!*+
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Here D (Dp(x,y,z,T) are the diffusion coefficients of complexes of radiation defects; kp(x,y,z,T) arethe
parameters of decay of the above complexes.

We determine spatio-temporal distribution of concentrations of dopant and radiation defects by method
of averaging of function correctiong'”2% with decreasing quantity of iteration steps®®. Framework the
approach we used solutions of Egs. (1), (4), (6) with averaged values of diffusion coefficientsD , D,
D+ Dyor» Dooy» 2610 Values of parameters of recombination of radiation defects and parameters of genera-
tion and decay of their complexes asinitial-order approximations of required concentrations. Theinitial-
order approximations could be written as
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where enp(t)_@(p{—”znzD t[FJFFJFFIl F,= EXOIEO] f (u,v,w)x
0 0 0

X Cn(V) dwdvdu, c(x) =cos(nny/L).
We determine approximations of the second-and higher-orders framework standard iteration proce-
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dure of method of averaging of function correctionsg*’*9. Framework this procedureto determinethe n-th-order
gpproximation of concentrationsof dopant and radiation defectswe shdl replacetherequired functionsC(x,y,z t),
1(X,y,z,1), V(X,y,z), (x,y,z,t) and D, (X,y,z,t) intheright sides of Egs. (1), (4), (6) onthefollowing sums o P,
(X.y.z,t), when o, arenotyet known average values of the n-th-order approximation of the above concentra-
tions. Thereplacement leadsto thefollowing rel ationsfor the second-order approximations of the required
concentrations
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Integration of |eft and right sides of Egs. (8)-(10) ontime givesus possibility to obtain relationsfor the
second-order approximations of the required concentrationsin thefinal form
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We determine average values of the second-orders approximations of the required functions by the
standard relation*"9

g -1
*  @LLL

X~y —z

Substitution of therelations (8a)-(10a) into the relation (11) gives us possibility to obtain relationsfor
therequired average values oy,

Lx Ly L,
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1 Lyt 2 1+ Ay A Fan A
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I‘xLy z £ ££ I( y ) y }} 2AIOO ’ (13)
2
g 1 (&+AQ_4B(Y+&y—a)_&+A
2B, 4 ¢ A 4B, -

ParametersA and other parametersin the relations (13) are presented in the Appendix. Parameters
Oy and other parametersin the relations (13) could be written as
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APPENDIX
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1 (©] Lyly L,
Pao, = Ao JO-1[ [ [k(xy,z2T)I(xy,zt)dzdydxdt+
eLL,L,o Lo
1 LXLysz ( )d d d
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0 Ly Ly L,
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@gggo i
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LXLyLZ £ £J(; Q)V( y ) y .

The considered substitution gives us possibility to obtain equation for parameter a.,.. Solution of the
equation depends on value of parameter y. Analysis of spatio- temporal distributions of concentrations of
dopant and radiation defects has been done by using their second-order approximations framework method
of averaging of function correctionswith decreased quantity of iterative steps. The second-order approxi-
mation isusually asufficient approximation to obtain qualitative and some quantitative results. Results of
analytical modeling have been checked numerically.

DISCUSSION

Based on recently calculated relations we analyzed redistribution of dopant and radiation defects.
Figures 2a and 2b show distributions of concentrations of infused (Figure 2a) and implanted (Figure 2b)
dopantsin channelsand in nearest areas. These distributions had been cal cul ated for the case, when value
of dopant diffusion coefficient in doped materials is larger, than value of dopant diffusion coefficient in

1.5
1.0 H
_ i Interface
;;-_);
0.5 -
1 or p channel
im epitaxial layer
00 T T T T - T 1
0 L/4 L2 3L/4 L

Figure 2a : Distributions of concentrations of infused dopant in heterostructure from Figure 1 in direction, which
is perpendicular to interface between layers of heterostructure. Increasing of number of curves corresponds to
increasing of difference between values of dopant diffusion coefficient in layers of heterostructure. The curves have
been calculated under condition, when dopant diffusion coefficient in doped layer is larger, than in nearest layer
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Figure 2b : Spatial distributions of implanted dopant concentration after annealing. Cur-ves 1 and 2 are calculated
distributions of dopant concentration in homogenous structure for two values of annealing time (® =
0,0048(L *+L *+L /D, and ® = 0,0057(L 2 +L *+L ?)/D,, respectively). Curves 3 and 4 are calculated distributions
of dopant concentration in heterostructure for the same values of annealing time under condition, when dopant
diffusion coefficient in doped layer is larger, than in nearest layer

C(x.,0)

0 L
Figure 3a : Spatial distributions of concentration of implanted dopant in heterostructure from Figures 1. Curves
1-3 are distributions of dopant for different values of annealing time. Increasing of number of curve correspondsto
increasing of annealing time

nearest areas. Inthiscaseit ispossibleto increase density of channelsin transistors and, as a consequence,
to decrease dimensions of multi-channel transistor. At the same time the considered approach of doping
gives us possibility to increase homogeneity of concentrations of dopants in channels of the considered
transistors. The effect gives us possibility to increase density of current in the channels at fixed value of
maximal heating of the doped material or to decrease length of channels. It should be noted, that usingion
implantation gives us possibility to increase homogeneity of concentrations of dopantsin channelsand at
the sametimeto decrease their quantitiesin nearest materials dueto radiation-induced diffusion.
Analysis of changing of concentration of dopant in time shown necessity of optimization of annealing
time. Reason of the optimization istoo large diffusion depth of dopants from channels of transistorsinto
nearest materials. Figures 3 areillustrations of this situations. We determine optimal value of annealing
time framework recently introduced criterion**1:1%-21 Framework the criterion we approximate real dis-
——  Paloricly Science
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Figure 3b : Spatial distributions of concentration of infused dopant in heterostructure from Figures 1. Curves 1-
3 are thereal distributions of dopant for different values of annealing time. Increasing of number of curve corre-
sponds to increasing of annealing time

tribution of concentration of dopant by idealized step-wise function v (x,y,z). Farther we determine opti-
mal value of annealing time by minimization of thefollowing mean- squared error

1 I-x yL;

=1 Hg[c(xyz@) w(x,y,z)]dzdydx (15)

X —y=z

Distributions of concentrations of dopantsin Figures 2 corresponds exactly to compromise annealing
time.

CONCLUSIONS

In this paper we introduce an approach for manufacturing a multi-channel heterotransistor. Severa
recommendations to optimize technol ogical process for decreasing dimensions of transistor.
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