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zn*/ast AND Zn*/Ar™ CO-IMPIANTATIONS IN GaAs SINGLE CRYSTALS
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GaAs 1s an importent mzterizl for mlcrowave and optoelec-

tronic device applicziicus. fince ion implantation affords
precise dopant coniroci and ctive p- or n-type doping
area, 1t has emerged :z= ie fabrication techique for
realizing GaAs baseC 1;t;ynﬂ~.m circuits and field-effect

transistors. However, 1tne 1low electirical activation of the

dopants (especlally p-iype Zopants such as Be, Mg, Zn, C4)
and their diffusion durirng rost-implantation amnnealing proves
to be one of the major grotlsm in this direction. The co-
Implantation of heost components and dopants in semiconductor
compounds was Tirstly Tre 2 by Heckingbotton and Ambidje
(11 to control the sitcichicomeiry of the implanted layers and
thus to promote higher =activation. The influence of co-
implantation upcn the conzviour of amphoteric Sl-dopant in
GaAs has been investigztsd In detall [2,3]. On the other hand
the degree of undersisndiing oI the acceptor dopant activation
enhancement mechanism by czo-Implantation in GaAs remains re-
latively poor.

The purpose of the [roa3zir raport 1s to analyse the influ-
ence of co-limplantaticrn oo T In-acceptor dopant activation
in GaAs single OPVStLl? Zn*”ge+ and Zn*/art co-impantations
have been used to separsis mical effects from radiation-
damage ones.

Liquied encepsulaticn czoonralskl (LEC) grown semi-insu-
lating GaAs singla crystals nave been employed. The lon im-
plantation at doses £.1C'° and 5.10'* em™® was performed at
room temperature. The <con ensrgies were chosen so that the
profiles of as iwpluhww;_vu“% overlap, 1l.e. the energies

Lt

”u

were 143; 150 and 90 ”fiﬁ;ﬁﬁéw , As™ and ar® respectively.
The post- 1mp1antat;¢é/@pﬁff“’ performed in H,-atmosphe-
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Implantation tAnneal %?S%%_ Sheet %gn— Mobility, |Activa-
schedule em ega— vity,jcentration .2 v.s Ition, %
ture, Ohm.cm om 2
4 13 1
70t /143 xevs| 600 3.2x103 1.1x1o13 1.9x1o1 21
5¢10'3 o2 700 |7.3x10%] 4.1x10"3 | 2.1x10 82
750 |5.8x10°%| 4.5x10"3 | 2.2«10" | &9
mnt /143 kevsl 600 |7.6x10%) 1.7x<10'4 | 4.8x10" | 34
51014 o2 700 6.8x10%| 1.6x10'% | 5.6x10" a3
750  |8.5x10%| 1.4x10'% | 5.3x10Q’ 28
Ast/150 keV/| 600 |7.0x10%4] 2.6x10'3 | 3.5x10° 52
13 -2
ox1077 em ™1 g0 |2.1x10%] 4.4x10'3 | s.8x10" | &7
7nt /143 keV/ 5 s 5
5x1013 . op2 750 1.7x10%| 4.6x10 1.1x10 92
AsT/150 keV/| 600 |6.0x10%| 3.0x10'* | 3.4x10" | 6t
14 -2
107" em™%, 1 700 14.3x102] 2.4x10'% | 6.1x10" | 47
7nt /143 keV/
5104 op=2 | 750 |3.9x10%| 2.6x10'* | 6.2x10" | 52
Art/ 90 kev/| 600 3.3x10%] 3.3x10'% | 5.7x10" 6.5
13 -2
2*10 BCm . 700 |2.2x103| 2.5%10'3 | 1.2x10% | 49
n /143 keV/ '
51013 o2 | 750 |2.9x10%) 2.7x10"° | 7.8x10' | 54
ATT/ 90 keV/| 600 16.2x10%| 5.3x10'° | 1.9x10" 11
14 -2
5*10 cm iy 700 11.2x103}. 6.9«1013 | 7.3x10" | 14
-
//Eg§§§3gg§§,$‘ 750 |1.0x10%| T.4x10'3 | 8.1x10" | 15
R X5

resistivity were determined by the Hall-effect measurements’
using Van der Pauw method. The depth distribution of free
carrier concentration was obtained by step-stripping techni-
que and Hall effect measurements. A solution of 2% Br in
C,H,OH was employed for layer removal in steps of ~ 0.05 um.
Fig.1 1llustrates the dependence of the zinc impurity ac-
tivation upon the annealing temperature for Zn*, Zn'/as* and
7t /art Implanted GaAs layers. The parameters of the layers
involved are summarized in Table 1. It 1is seen, that the co-
) Table 1.
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Fig.1.Zinc impurity activation efficilency versus
annealing temperature for Zn®, Zn'/as® and Znt/art
implanted GaAs layers.
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Art co-implantation. For example, the co-implantation of Ast
at the dose 5.10"° cm™® leads to an enhancement of the
Zn" activation efficiency up to 92% at the annealing tempera-
ture 750 °C. At the same time after co-implantation of both
As® and Ar® the hole mobility increases. In our oplnion these
results indicate the activation efficiency enhancement to be
primarily comnected to stoichlometric disturbances caused by
ast implantation. The disturbances involved probably provide
a high concentration of gallium vacancies VGa resulting in
the Zn-impurity activation efficienzy increasing. As to the
art co-implantation, 1t only produces the radiation damages
which compensate the activated dopant and decreases the zinc
activation efticiency.

Fig.2 presents the depth distribution of the free hole
concentration in GaAs afver Zn*—melantation as well as after
In*/as and zut/art co-implantations at the dose of 5.10'4
cm™®  (the post-implantation annealing was performed at TS50
°C). The dashed line represents the theoretical ISS profile
for 143 keV zinc fons implanted in GaAs. The results presen-
ted in Fig.2 indicate that the dual lmplantation changes only
the zinc activation while the depth distribution of implanted
impurity remains practically unchnangable. To obtain more nar-
row impurity prcfilés and nigher peak hole concentration ra-
pid thermal dnhaalinp‘apneérs to be required [41].

Thus, the aﬂtive lon efficlency of Zn- impurlity implanted
in GaAs gingle orjgudls was established to be considerably
increased by Aq no 1mplantdtion
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