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ABSTRACT

wm

The effect of hydragenaticn on a variety of electrically active defect

ingle crystal n-type GaAs apd GaP has been abserved using

transient capacitance spectroscopy. Approximately half of the difierent

defect states in thase materials were neutralized by hydragen

incaorporation., ~ The e+fficiency of neutralization was slightly  mare

Al

sronouncad for defects in GaAs compared to those in GaP.



The use of atomic hydrogen to bond to and to passivate elecirica
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active defects 1in semiconductors 1is of technological and scientific
interest. A great deal ot experimental information has been accumulated on

the types of defects that can be neutralized in Si [1-31 and G5e {4, 51, and

the depth to which this can be achievad as a function of tha hydrogen plasma
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exposure conditiaons, Much less 15 known about the passivation of

in compound semiconductors, 1n which defect and impurity densitiess are

r
i+

is letter we

usually higher compared tp the elemental samiconductors, In t
regort on the etfects af hydrogenation of a variety of defect levels 1in
aulk single crystal GaAs and BaP in an attempt s determinz ths
apoiicanility of this technigus to these materials.

The samples used were cut fraom crystals grawn at the Hewlett Fackard

étaelectronic Div.’s Labcrétory, Pélo Alto. | The n-type GaAs crystals,
grown using the low pressure LEC technique, were intenticnally doped with
Tellurium [(Nd-Nai=2x1017 cn™3] or Silicon [(Nd-Nai=2-S50x12!7 ca 31, The
crystals wer2 grown in the {ill> direction and sliced to give wafers witih
(gi99-+1 surtaces. =~ The n-type GaP crystals were alsc qgrown by the LE
ma2thcd, and doped with SINg-N,; = 2-5x1017 za™37, The wafers were lapgpsad

and then polished by conventional chemical-mechanical technigues toc give
surfaces free from damage. Hydrogenation was carriesd sut by inszriing the

zamples 1ntc a 13.5 MHz, 0.5 torr hydrogen pglasma contained within a gquart:

tube. The samples werz heated by placing them on a graphite block that was

neated tnhrgugh coupling with a 440KHz R.F. fi=21d. Diagde structures +or
fapacitance szpectroscopy measurements were fabricated by allaying Galin
autectic or Au-Be to the back face of the sampies and evaoorating Z3¢ by

N
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thick, 2.5-1 mm diameter gold contacts on the front faces. The deep lev

}
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transient spectroscopy (DLTS) ‘measurements were performed over the

temperature range 4-320K in the usual wmanner [&61, 1n a system based a2a a
iMHz capacitance bridge and Miller correlator (71,
Figqura 1{a3}) shows the transient capacitance spectrum of a 5i doped Gafs

The five pesaks represent electron traps with the most prominent,

g

. fe T . 4= 1 ,
£{0.171 and E{0.72), present at a concentration of 4x{0*Y ca™~., The peak
represanting the EL2Z electron trap occurs -at I80K +for the canditions
emploved here. It is already known that this defect can be neutralized by

hvdrogen (81, and we are interested in the effacts af hydrogen on some of

tha other levels in LEC gqrown GaAs. In some cases we 2xtapded our

. ' - g ) , . [y
measurements to IBOK, and ebserved EL2Z present at a concentration of ¢ '™

cm~-. MNo shallaow donor levels were observed that could bz associated with

0
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n in determining the energy 1levels of the defects, 1i1n which
cas2 the energy level mav be overestimated by the activation energy far
cagturs., We also noted a reduction in the temperature at which the DLTS

peaks accurred for E(O.163, E{Q.24), E(D.17) and E{(0.3&) as the elsctric
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fi2ld strength was increased within the diode structures, indizati
these are donor type detfects. This lowering of the Coulombic barrisr *c
emission ot avtrapped electron (Pocle-Frenkel effect) would be aksent in
the case of acceptor type defects (9],

Heating a sample containing these defects for Ih at IZ39°C in wmclecular

nydrogen, or a He plasma had no significant =2ffact on tha derect specirunm.

[}

Ucse of a He plasma i35 necessary to simulate the effects of olasma exposure



{icn bombardment and illumination of the samples) without having a scurce
of H present. That is, we separate the ccmponents of the plasma. Hezating

for 3Ih at ZS0° in a H plasma produced significant neutralization of th

£E<0.16;, E(0Q.Z24) and E(0.36) defect states, as shown in figure 1(b}.
Mzasurement depth was limitad by breakdown to «0.Zpm. For thesa plasma
sxpaosure conditions the incorporation depth .of the hydraogen is sugectad to

be ~7um (101, The E(O.l?) and E(0.72) levels were unaffected by the
hydroganatian traatment. Plasma etchiﬁg of the 5afAs surface did nat lead
to pitting and the Schottky dicdes exhibitad law revarse leaiage currents.
Tha Te dopad GaAs displayed thé same defect levels, with the excenticn that
there was no £(9.17) state. As befare the hydrogenation treatment 2id not
afiect_the-E(C.72) Lgvel; Hydrobenation_of EL2 was confirmed by 2levatad
tamaparature C-V and DLTS measurements.

In the S-doped GaP four different electran traps were abserved, as
shown in figure 2(a)l. Exposure ts the hydrcgen plasma neutraiized 4tws of

;
I

h2s2 defect lzvels, E(Q.50) and E£(0.44}, as shown in figur2 2{ai, again g

P

sur diode breakdcwn limited measurament depth (~0,Zumj. The use of ZaF
#1th 3 much iower net impurity content 15 required to enable seasurement aof
tha hydrogen passivaticn depth attainable in this material 5v allswing
crofiling of the defect concaentraticns to greater degths. 7o cur kncwladgs

this is the first demsonstration of the hydrogen passivaticn ¢
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tetas in GaP. Compariscn of figures | and Z showing spectira from GaAas and

3P 3:2des o+ similar net impurity content, indicatas that at

= g
~
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23T is slightly more efficient for states in GaAs as comsarad to 3af.
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FIGURE CAPTIONS

Figqure 2. DLTS spectra recorded under the sams conditions (reverss bias
Vg=3V, emission rats e:lOQS'l) for S-doped GaP {(a) as grown, and (b} after

exposure to the H slasma for 3h at 2529C..
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