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ABSTRACT 

HYDROGENATION OF ELECTRON TRAPS IN BULK GaAs AND GaP 

S, J, Pearton and E. £, Haller 

Center for Advanced Materials 
Lawrence Berkeley Laboratory 

and 
University of California 

Berkeley, California 94720 

A, G, Elliot 

Hewlett Packard Optoelectronics Division 
Palo Alto, California 94304 

The effect of hydrogenation on a variety of electrically active defects 

in bulk single crystal n-type GaAs and GaP has been observed using 

transient capacitance spectroscopy. Approximately half of the different 

defect states in these materials were neutralized by hydrogen 

incorporation. The efficiency of neutralization was slightly more 

pronounced for defects in GaAs compared to those in GaP . 

-1-



-2-

The use of atomic hydrogen to bond to and to passivate electrically 

active defects in semiconductors is of technological and scientific 

interest. A great deal of experimental information has been accumulated on 

the types of defects that can be neutralized in 5i [1-3] and Ge [4. 5], and 

the depth to which this can be achieved as a function of the hydrogen plasma 

exposure conditions. Much less is known about the passivation of defects 

in compound semiconductors. in which defect and impurity densities are 

usually higher compared to the elemental semiconductors. In this letter we 

report on the effects af hydrogenation of a variety of defect levels in 

bulk single crystal GaAs and GaP in an attempt to determine 

applicaoility of this technique to these materials. 

The samples ·used were cut fram crystals grown at the Hewlett F:ackard 

Optoelectronic Div. 's Laborator~,.., Palo Alto. The n-type GaAs crystals, 

grown using the low pressure LEG technique. were intentionally doped with 

T' !!le 

crystals were grown in the <111> direction and sliced to give waters with 

[ltlO(H] surfaces. The n-type GaP crystals were al so grown ~ .. 
u 7 the 

The waf ers were 1 apped 

and then polished by conventional chemical-mechanical techniques to give 

surfaces free from damage. Hydrogenation was carried out by inserting the 

samples into a 13.5 MHz. 0.5 torr hydrogen plasma contained within a quartz 

tube. The samples were heated by placing them en a graphite block that was 

heated through coupling with a 440KHz R.F. field. Diade structures 

ca~acitance spectroscopy measurements were fabricated bv alloying GaIn 

2utectlc or Au-Ge to the back face of the samples and evaoorating L)() ~ 
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thick. 0.5-1 mm diameter gold contacts on the front faces. The deep level 

transient spectroscopy (DLTS) measurements were performed over the 

ter:lperatlJre range 4-320K in the usual manner [6], in a system based CJn a 

lMH: capacitance bridge and Miller correlator [7l. 

Fiqure 1(a) shows the transient capacitance spectrum of a Si doped GaAs 

sample. The five peaks represent electron traps with ..' l..ne most pro:Jminent! 

E(O.17i and E(O. 72)! present at a concentration of 4:d015 cm-·~'. The peak 

representing the EL2 electron trap occurs at 380K for the conditions 

employed here. It is alreadY known that this defect can be neutralized by 

hydrogen (8]. and we are interested in the effects of hydrogen on some of 

the other levels in LEe grown GaAs. In some cases we e>:tendea Oi.lr 

measurements to 3801<, and observed EL2 present at a concentration at ::..10 16 

cm- 3. No shallow donor levels were observed that could be as;ociated with 

EL2. We did not take into account a possible temperature dependent capture 

cross sectIon in determining the energy levels of the defects, in which 

case the energy level mav be overestimated by the activation energy for 

caoture. We also ;"loted a reduction in the temperature at which the DLTS 

pe~}~s occuired for E(O.16), E(O.24), E(O.17) and E(O.36) as the electric 

tield strength was increased within the diode structures, indi:ating that 

:hese are donor type detects. This lowering of the Coulombic barrier .. -,_ I."i 

emi;sion of a trapped electron (Poole-Frenkel effect) .~auld be absent ... 11 

the case of acceptor type defects (9]. 

HeatIng a sample containing these de~ects for 3M at :SOoC in molecular 

hydrcoen. or a He plasma had no significant effect an the de~ect spectrum. 

Use at a He plasma is necessary to simulate the effects of olasma eXOGsure 
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(ion bombardment and illumination of the samples) without having a sOLt.rce 

of H present. That is. we separate the components of the plasma. Heating 

for 3M at 250 0C in a H plasma produced significant neutralization of the 

E(O.16;. E{O.24) and E(O.36) defect states. as shown in figure 1 (0). 

Measurement depth was limited by breakdown to ~.2~m. For these plasma 

e::posure conditions the incorporation depth af the hydrogen is e::pectad to 

be ... 7 11m (10] • The E(O.17) and E(O.72) levels were unaffected by the 

hydroqenation treatment. PI as mae t chi n g 0 f the G a Ass u rf ace did nat 1 e ad 

to ~itting and the Schottky diodes exhibited low reverse leakage currents. 

The Ta doped GaAs displaved the same defect levels. with the exception that 

there was no E(O.17) state. As before the hydrogenation treatment did not 

affect the ·E(O. 72) l.evel. Hydrogenation of EL2 was confirmed by elevated 

temperature C-V and DLTS measurements. 

In the S-doped GaP four different electron traps were observed. as 

5hoWil in figure 2(a). Exposure to the hvdrogen plasma neutralized two of 

these defect le'/eis. E(O.SOl and E(O.44}. as shown in figure 2(a;. again to 

our dIode breakdown limited measurement depth (~O.2ym). ihe IJse of G~.P 

with a much iower net impurity content is required to enable ~easurement of 

:he !1ydroqen passivation depth attainable in this material bv allo t4irq 

:rotili~o of the defect concer.trations to greater depths. io cur k~cwledgE 

this is the first demonstration of the hydrogen passivation of deep defect 

stat25 :n GaP. Comparison of fig~res 1 an~ 2 showing spectra from GaAs and 

~;P ~::des of similar net impurity content. indicates that hydrogenation 3t 

:~0CS 15 sl:qhtlv more eff:cient ;cr states in 3a~s as ccmcared to GaP. 

.
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The microscopic nature of most of the defects which have been observed 

in compound semiconductors is yet unkno;~n. Indeed even the structure of 

the dominant deep level in undoped LEe GaAs, the so-called EL2 level. L~ 

the subject of controversy [11], The object of this paper is not to 

speculate on the chemical or structural nature of the deee defects 

ITie~.sured , but rather to observe j.' \..ne effects of atomic hydrogen an their 

eiectrical activity. A mistaken impression could be gained frcm the 

bur gee n i n 9 literature on t hiss u b J e c t , that H neutralizes 211 

e 1 e c t ric all y a c ti v e d e f e c t s • However, we show here that is nat 

case, and that hydrogenation will necessarily be useful only in certain 

instances. Indeed the fact that a defect is neutrali~ed by hydrogen is not 

proof that the defect ~tructure includes 'a dangling bond~ as ~here is some' 

evidence that hydrogen may force a solid-state reaction with some defects, 

and nat simply satisfy a defective bond [2]. 

This work was supported by the Director, Office of Energy Research, 

Office of Basic Energy Sciences, Materials Science Division of the 

U. S. Department of Energy under Contract No. DE-AC03-76SF00098 . 
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FIGURE CAPTIONS 

Figure 1. DLTS spectra recorded under the same conditions (reverse bias 

'/R=51J. emission rate e=100S-1) for 5i doped GaAs (a) as grown, and (0) 

after e:·:posure to a H plasma for 3h at 250 ct. showing neutralization at 

• three of the defect states. 

Figure 2. DLTS spectra recorded under the same conditions (rever·se bias 

:;R=5IJ, emission rate e=100S-1) for S-doped GaP (a) as grown, and \b) after 

exposure to the H plasma for 3h at 250 o C •. 

• 
• 
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