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Electrical isolation of a silicon  é-doped layer in GaAs by ion irradiation
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The electrical isolation of a-type §-doped layer embedded into undoped GaAs was studied using
proton or helium ion bombardment. The threshold dose for isoldigrof the 5-doped layer was
found to be~2 times higher than that predicted for thick doped layers of similar carrier
concentration. The thermal stability of the isolation, i.e., the persistence of sheet resRiaatce
values>10°Q/00 after subsequent thermal annealing, is limited to temperatures below 400 °C. This
temperature limit for the thermal stabilify,,, is markedly lower than those observed in wider doped
layers in whichTg, is =650 °C. A previously isolated-doped layer presenfstype conductivity

after annealing at temperatures600 °C . © 1999 American Institute of Physics.
[S0003-695(199)03639-9

A semiconductor layer with a dopant distribution nar- insulating (Sl) liquid encapsulated Czochralski GaAs sub-
rower than the carrier de Broglie wavelength is known as thestrate of (100 orientation. The deposition method was the
¢-doped layer. The use of doping in the semiconductor MOVPE performed in a horizontal reactor with
device technology leads to significant improvements in theGa(CH,);—AsH;—SiH,—H, gas sources at atmospheric pres-
ultrahigh frequency and optoelectronic performance of theure. First, an undoped GaAs epilayer with a thickness of 0.8
devices. Examples are the high transconductance GaAg:m was deposited on the substrate and then the growth was
metal—semiconductor field effect transistors and the tunablguspended. Then SjHvas introduced in the reactor chamber
GaAs laser using superlattices formed by alternatégpe  for the deposition of Si dopant atoms. After the formation of
and p-type 5-doped layers. the s-profile of Si, the epitaxial growth was resumed for the

The 5-doped layers are conveniently prepared by mo-geposition of a second undoped GaAs layer with a thickness
lecular beam epitaxy or metalorganic vapor phase epitaxyf 0.13 xm. The temperature of the reactor was maintained
(MOVPE).? The extremely sharp dopant profiles are pro-jn the range of 550—650 °C to minimize redistribution of the
duced by interruption of the epitaxial crystal growth, depo-s; atom concentration profile.
sition of dopant atoms on the semiconductor surface, and Figure 1 shows the carrier concentration depth profile
resuming the semiconductor growth. The temperature is USYspiained from the capacitance-voltagé-¥) method. The
ally lower than 700 °C to minimize thermal redistribution of peak electron concentration is0'7 cm3 at the depth of
the dopant profile. However, dopant profiles wider than 80.13,um. The undoped layers presented residusjpe con-
single monolayer may result in consequence of the presen%ctivity with carrier concentration of3 10* cm™2. as de-
of steps in the crystal surface during dopant depositond i i Fig. 1 for depths below 0.4&m. Electrical mea-

dopant diffusion during crystal growth. Another cause of r€-curements in Van der Pauw devitesovided values of sheet

distribution is segregation of dopant atoms fo the newlyresistanceRS sheet electron concentratiog, and effective

grown material with a constant three-dimensional density,
closely corresponding to the solid solubility limit for the

given growth temperature. 10* . . . . .

Considering thats-doped structures are potentially ap-
plicable to the development of electronic and optoelectronic 0%k ]
devices and high performance integrated circuits, it seems to —~
be of interest to investigate the electrical isolation formation 5 ..l \ 1
in this structure. Up to now such study is lacking in the 5 10 LY
literature. 8 RN

In the present work we discuss the isolation formation in § 107k '\ 3
the silicon 5-doped layer in GaAs, via light mass ion bom- 5 \-\
bardment and the behavior of the sheet resistance recovery © ool M
during postirradiation annealing cycles. We used samples
having a layered epitaxial structure deposited on a semi- 10" ; . . . .
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dpresent address: Instituto désien “Gleb Wataghin,” Universidade Es-
tadual de Campinas, 13081-970 Campinas, S.P., Brazil. FIG. 1. Depth distribution of the electrons in the as-grown sample measured

YElectronic mail : souza@if.ufrgs.br by the C-V method.

0003-6951/95/75(13)/1917/3/$15.00 1917 © 1999 American Institute of Physics



1918 Appl. Phys. Lett., Vol. 75, No. 13, 27 September 1999 Danilov et al.

10 ' . - - ] ship with the conduction in thé-doped layer. Further in-
SN crease of the dose leads to a progressive decreaRe, ais

i‘\ N previously discussed.

10° f '\ \ - The pattern of the curves in Fig. 2 are quite similar to

!
!
/' . those observed for thicker doped layers@.2 wm), doped

I

@ .f

| either by ion implantatiohor during epitaxial growtd.The

10° ./ (b) 3 shift toward lower doses of curv@) in respect to curvéb)

. / /' ] results from the higher nuclear energy deposited by He

) ;o7 compared to H.

0 F .,."' _/ E The Dy, values obtained in thé-doped layer need fur-

[ ant y ther analysis. As inferred in a previous wdtkhe isolation

sl vl formation is governed essentially by carrier trapping at the

10010 1o aem e e antisite defects and/or their related defect complexes formed
Irradiation Dose (cm”) by replacement collisions in the cascades. The densities of

replacement collisions per incident ion at the depth of the

FIG. 2. Sheet resistance vs accumulated ldese at the energy of 80 keV 5-doped layer estimated b‘SRlMG are 1xX10° ecm™? for He"

[ourve (@] and H" dose at the energy of 50 keléurve (b)) of 80 keV and % 10* cm™* for H* of 50 keV. The product

Dy, n, corresponds to the minimum volume concentrations of

Hall mobility w4 of 13000/, 1.65< 102 cm ™2 and 2900  replacement collisions just necessary for trapping all the car-
cn?/V s, respectively. riers in the 5-doped layer. Using the experimental values of
The preparation and electrical characterization of theDw one obtain®n, of 3x 10" cm™* and 2.8<10'¥ cm™?,
samples were realized at the Institute of Microstructure Physrespectively, for Hé and H" ion bombardments. Dividing
ics of the Russian Academy of Sciences, at Nizhnythese values by the peak carrier concentratiorx (8"
Novgorod. The ion irradiation and annealing cycles werecm 3) one obtains 7.5 for He and 7.0 for H. These are
performed at the Physics Institute of Porto Alegre, Brazil. the numbers of replacement collisions required for the trap-
Two type of devices were used in the ion irradiation ping of a single electron from thé-doped layer. These val-
experiments: rectangular resistors of 6 @ mm and Van ues are=2 times higher than that required (3:1.2) for the
der Pauw devices of 6 mrm6 mm. The ohmic contacts to isolation of implanted doped layers of similar peak carrier
the devices were performed with indium, as described irconcentratior.
detail elsewhera. The discrepancies in tHy, values for thick dopet(0.2
All the ion bombardments were performed at nominalxm) and §-doped layers can be explained as follows. In the
room temperature withH™ at the energy of 50 keV diHe™ cases of much wider doped layers the carrier distribution
at 80 keV with the sample surface normal tilted 13° in re-closely coincides with the dopant distribution and there is
spect to the beam incidence direction to minimize ion chancharge neutrality along all the doped region. In the present
neling effects. The ion energies were selected usimig®  case, the donor ions are confined within a layer thinner than
code simulation to place the peak of the deposited nucleahe full width at the half maximum of th€-V profile (22
energy profile (0.39 wm) deeper than the depth of the nm) while the electron profile spreads over a much wider
S-doped layen(0.13 um) . region (see Fig. 1L Consequently, a space charge is present
A set of resistors was submitted to"Hbr He'™ irradia-  in the layer. Thus, even after trapping of all the electrons
tion in accumulative dose steps. After each dose stefiRthe from the donors the space charge is still present, since the
value was measured without breaking the vacuum in the imdonor ions and the trapped electron distributions do not spa-
plantation chamber. tially coincide. Electron—hole pairs thermally generated
The results of this experiment are depicted in curigs within the space charge region should contribute to the re-
and (b), respectively, of Fig. 2, for He and H' irradiation  duction of the space charge. Those generated carriers which
cases. As the ion dose is accumulated an increaBg ftbm  are not captured by the traps should contribute to the electri-
its original value of 1.%10° O/ to a maximum of=5 cal conduction. Consequently, an additional dose has to be
x10° O/ was observed. The increase of tRe results accumulated in the sample to enhance the trap concentration
from carrier trapping at the irradiation damage centers an¢h order to attain the complete electrical isolation.

Sheet Resistance (Q/0)

mobility degradatiort. The threshold dose for isolatioB, In another experiment resistors and Van der Pauw de-
was determined to bex410* cm™2 for H" and 3<10?cn?  vices were irradiated with Hto doses of 2.8 10 cm™?2
for He". (0.5Dy), 4.0x10" cm 2 (Dy), 8.0x10" cm 2 (2Dy),

Further dose accumulation beyobd, produces plateaus and 4.0< 10 cm™2 (10Dy,). Subsequently, they were an-
in the curves. TheRg values of the plateaus indicate com- nealed in the temperature range from 100 to 700°C in a
plete isolation of thes-doped and matrix layers, since it halogen lamp furnace. The annealing cycles were conducted
closely coincides with the sheet resistance of the SI GaA# argon atmosphere for a fixed time of 60 s. The experimen-
substrate underneath. In each curve of Fig. 2, the plateatal setup and annealing details were described elsewhere.
ends at a dose for which the damage concentration peak is Figure 3 presents the evolutionBf in the resistors with
high enough for the onset of the conduction via the hoppinghe annealing temperature. Tldedoped structure irradiated
mechanism. Since the damage peak is located deeper thtma dose 0.B4, presents a monotone decreas®gfvith the
the 6-doped layer, the hopping conduction has no relation-annealing temperature in the range of 200—-300 °C. A mini-
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10" .4"\_‘__‘77_‘_\_;”__ T T ] We argue that the conversion petype conduction may
H_,'....,----- . R 3 result after relocation of the Si atoms doped layer¥
_ W4 from substitutional positions of the Ga sublattice to those of
g 10°F 2\ 3 ' 3 As sublattice assisted by As vacancies. Very likely, mechani-
:.3’ v, \\ ‘u ] cal stresses present at tiéelayer/crystal interfaces should
£ LN play a significant role in the stimulation of the process. One
-"’%’ 10°F \,\ \‘\\.\:j_‘:':_-: 3 should point out that such type conversion is absent in im-
@ L ! Se—e—ee—e | planted Si doped GaAs layers submitted to similar irradiation
] Lt Y and annealing processes. Furthermore, nonirradigtdaped
5 A S structures retain the-type conduction up to the maximum
E 00000 Om 0 Omd ] experimented temperature of 700 °C. In this latter case, only
L e a marginal increase d®s by ~20% is denotedsee curve 0

0 100 200 300 400 500 600 700 . .
in Fig. 3.

In summary the electrical isolation of amtype & layer
6. 3. Evolution of he sheet reit " - : _doped with silicon in GaAs was studied using tnd He"

. 3. Evolution o e sheetl resistance with annealing temperature 1 iati i
samples irradiated with 50 keV protons to the doses dDg.(i?urve g Dy, qg;aglatlshn' TTﬁDth Valu?ﬁ \tNedref found t.O b? atbc:jm two t!{ne.s |
(curve 2, 2Dy, (curve 3 and 1My, (curve 4. Curve O represents theg gher than those predicted for an implanted or epriaxia
evolution in a non irradiated sample. In our sampBg, is 4x 1013 cm™2 layer of similar carrier concentration peak. This discrepancy
for H™ irradiation at the energy of 50 keV. is explained taking into account the lack of space charge
neutrality along thes-doped layer. Besides trapping all the
carriers from the dopant atoms in thedoped layer, the
space charge still persists. Due to the electric field present in
the layer, thermally generated carriers accumulate over the
?ayer and those carriers which were not trapped contribute to
the electric conduction. This fact is reflected ilg, higher
than predicted for doped layers where space charge neutrality
exists.

The thermal stability of the isolation was found to be
restricted to temperatures below 400 °C, which<i250°C
lower than in wider doped layers. Furthermore, it was ob-
served that the irradiateé-doped layers present conversion
from n-type to p-type conduction after annealing at
600—-700°C.

Annealing Temperature (°C)

mum R, value of~10* /0 is reached and it is maintained
even after higher temperature annealing cy¢tse curve 1
in Fig. 3. The sheet electron concentration returned close t
the original value fg~1.6x10'2 cm™2), while ws was
maintained seriously degradés60 cnf/V s).

The temperature limit for the thermal stabilify, in-
creases with the increase of the ion dose. H&gg,is con-
sidered as the annealing temperature for whigldecreases
to 1¢° Q/0. The values ofTg, are 250, 300, and 400 °C,
respectively for the doses @, (curve 2, 2Dy, (curve 3,
and 1@y, (curve 4.

For the resistor irradiated to the dose ofDLQ, a con-
tinuous increase ofRg in the temperature range of

100-300°C is noticedsee curve # It is caused by the This work was partially supported by Fun@acde Am-
decrease in the hopping conduction by virtue of the damaggaro a Pesquisa do Estado do Rio Grande do Sul
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