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PREFACE 

This report was prepared by Dr. Kenneth Zanio .of Hughes Research 

Laboratories, Malibu, California, a division of Hughes Aircraft Company, 

for the Photovoltaic Branch of the Division of Solar Energy of DOE 

under SERI contract xz~0-9196-1. The technical monitors were 

Drs. Kim Mitchell and Richard Nottenburg at SERI· in Golden, Coiorado. 

This program is being undertaken by personnel in the Optical 

Physics Department urider the supervision of Mr. M. Braunstein, 

Dr. R. Knechtli, and Dr. R.L. Abrams. The program manager is 

Dr. Zanio. Principal investigators are Dr. Zanio and Mr. F. Krajenbrink. 

Important contributions to the program were made by Messrs. K. Miller, 

P. Hoberg, H. Montano, and A. Timper. SIMS analyses were provided by 

Hanford Engineering Development Laboratory (HEDL) under separate 

contract to SERI. Valuable discussions with Dr. David Greenslade of 

HEDL are acknowledged. Additional SIM and Auger services were 

purchased from Charles Evans and Associates through this contract. 
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Abstract 

·• 
InP thin films were deposited by planar reactive deposition on 

recrystallized CdS (RXCdS) and semi-insulating (100) InP substrates 

and evaluated as potential la.yers for an all-thin:.film solar cell. 

Films prepared on RXCdS at approximately 330°C co~ta~ned a mixture of 

grains having both large and submicron lateral dimensions. SIMS anal-

ysis showed the interdiffusion profiles to be well behaved and, within 

the r~so1ution of the analysi~, nQ significant differ.ent.e in the profiles 
. . 0 0 

between structures prepared at 330 C and 380 C. 

He-doped epitaxial films, deposited on semi-insulating IriP at 
0 . 

330 C, showed both n- and p-type behavior. Films prepared at htgher 

and lower temperatures with a freshly Be-charged In source were p-type 

and n-type, respectively; the n-type behavior is associated with an 

excess of n-type native defects. SD1S analyses confirmed the presence 

of Be in all Be-doped films. Grm .. rth with deviation from stoichiometry 

was initiated at 33U°C to reduce the concentration of native defects. 

Growth of Be-doped films at higher substrate temperature with the 

same Be-doped source after sev·eral runs eventually resulted in n-type 

films. Analysesof the In source and films were initiated to determine 

the cause of the transient doping. As an alternative to Be doping, 

p-type Zn-doped InP films were prepared on InP semi-insulating substrates 

with room-temperature carrier concentrations and mobilities of 6 x 1016 

-3 2 
c~ ,and 80 em /Vsec, respectively. 
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SECTION 1 

INTRODUCTION 

This report summari2;es the efforts at H'l,lghes Research Laboratories 

· (HRL) for the first two quarters on this contract to develop the lnP/CdS 

system for an all-thin-film ~folar cell. The approach (Figure 1) is to 

prepare a thin film of p-type InP on recrystallized CdS (RXCqS). By 

growing epitaxial In:i? on the RXCdS; ·we· could achieve a l~rge lateral 

grain size with only a micton~thick layer of InP. By the end of DOE 

contract XJ-9-8170-1 we had prepared large gra·ins (~40 J:lm) of :Rxc·ds 
on glass. We had als·o qeposited epitaxiai. n-type In:P· thin films with a: 

large lateral grain size (~4() lJm) on RXCdS at 280°C. Be-doped films 

~ere not p-type. We also prepared P-:-type films· on RXGdS at 380°C, but 

the lateral dimensions of the InP were of submicron dimensions. The 

next step to develop the InP/CdS system as an all-thi.n-film snl.<~r r.Pll 

is to prepare InP on RXCdS that is simultaneously p-type and has. grains 

with large lateral dimensions. 

During t:his. period we prepared InP on RXCciS at the intermediate 

substrat·e temperature of 330°C with the intention of simuitaneously 

achieving large grains and p-type material. These results are· discussed 

in Section 2. In Section 3 we describe further studies to un:de.rstand 

and enhance the electrical activ~ty of Be in Iri:P at low substr'ate 

temperatures. Studies related to. transient p-tyf)e dc;>pi~g· by the source 

are also discussed here. In Section 4 we propose alternate multilayer 

InP/CdS structures consisting of large g~ained n-type InP· ],.ayers 

deposited on the RXCciS at low temperature, and large gr~lined p-type 

InP layers deposited on the n-type InP at a higher temperature 
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JUNCTION p -lnP 

n+- RXCdS 

ITO 

GLASS 

F~gure 1. All-thin film InP/CdS solar cell utilizing the concept 
of the growth of a thin~ but large grained Inf film on 
recrystallized CdS. 
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SECTION 2 

InP EPITAXY ON RXCdS 

During this period we prepared several films of InP on RXCdS at 

330°C. Figure 2 shows scanning electron microscope (SEM) and corre­

sponding x-ray ·Read pictures of InP films prepared on RXCdS at 280°C, 

330°C, and 380°C. The results at 280°C, obtained in the previous 

program,show grain boundaries and faceting of the grains. In the SEM 

picture the artist has delineated the grain boundary. Across this 

grain boundary there is a definite difference between the orientation 

of the facets. The corresponding x-ray picture is dominated by spots 

rather than ririgs, which is characteristic of grains having large, 

rather than submicron,lateral dimensions. At the other extreme, the 

SEM of the film prepared at 380°C shows neither faceting nor grain 

boundaries. The x-ray Read picture is documented by rings rather than 

by spots characteristic of submicron size grains. Films prepared at 

330°C are of intermediate quality. The SEM shows faceting; but the 

facets are not oriented, and the grain boundaries are not evident. 

These films are of unacceptable quality. Nucleation and growth of 

numerous crystallities with orientations other than that of the RXCdS 

are occurring. It is not clear whether extraneous nucleation is a 

resuit of either a contamined RXCdS surface, or severe deviations from 

~' stoichoimetric CdS. 

We are continuing studies to determine the composition of the 

transition region. We know that for InP prepared on CdS at about 425°C 

there is a{\In-Cd-S transition region about 1 llm thick between the InP 

and the CdS. At 380°C the transition region is on the order of 0.3 llm. 

The measurements at 425°C were made by scanning cleaved structures with 

a microprobe. The results at 380°C were obtained by optical examination 

and composition measurements of films (a few tenths of a micron thick) 

deposited on RXCdS. InCdSP layers deficient in P have a wide 

10 
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Figure 2. 

10528-4 

SEM READ 

SEM and x-ray Read pictures of InP deposited on RXCdS at different 
substrat2 temperatures. 
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bandgap and are as transparent as the CdS. Hanford Engineering Development 

Laboratory (HEDL) has also undertaken SIMS profiles of InP/RXCdS structures. 

Figure 3 shows Sil1S profiles for In, Cd, P, S, Be, and Al of a 4-~m-thick 

Be-doped film deposited on RXCdS at 380°C. An oxygen beam was used to 

detect secondary ions. The secondary ion intensity was recorded in counts 
3 

per second rather than atoms per em sin~e no Rtr~nnr~rns wPrP 8vailablQ to 

make the conversion. (Multiply the abscissa by the factors in the legend 

to find counts per second for each specie.) The interface is clearly 

defined. Microprofilometry by HEDL shows this film to be about 4.5 ~m 

thick. 

The Cd, S. Al. and Be profi 1 PR rtrP ~·!I? Ll behaved. 
115 

The In pro-

file shows a peak at the interface. HEDL interprets this peak to be an 

artifact o± the ionization process caused by enhancement by sulfur. To 
147 

check this interpretaliun, HEDL profiled lno and found a reduced 
115 147 2 

count rate. Comparison of the In and Ino
2 

profiles support the 

h . d 115I 147 thesis that t e 1ncrease n and reduced Ino
2 

count rates were 

ionization artifact~. The HEDL analyses will be included in its 

entirety in our final report. The P profile suggests P depletion at 

the interface. This would be consistent with earlier results which 

indicated P depletion at the interface. However, we feel this also to 

be an artifact of the ionization process for two reasons. First, the 

STMS analysis indicates the depletion to extenJ about 1 ~m from the 

interface. This is about an order of magnitude wider than we determined 

by optical studies. Second, the degree of depletion does not decrease 

with a decrease in the substrate temperature. 

Figure 4 ~ =tuw profiles for In, Cd, ~. and Al for an undoped n-type 

2-~m-thick InP film desposited on RXCdS at 330°C. There was no signifi­

cant difference in the In, P, and Cd profiles hP.tween suhstrate tempera­

tures of 330 a ::1d 380°G, corresponding to profiles in Figures 3 and 4, 

respectively. Although a Be/Al alloy was not incorporated in the source, 

SlMS analysis evidenced Al, and also found Al to be distributed 

locally at the InP/CdS interface. We obtained good epitaxial growth of 

12 
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InP on RXCdS at lower substrate temperatures using intentional Be/Al 

dopin&· Further studies are necessary to verify that Al was incorporated. 

If s~, further efforts will be necessary to determine the source of Al. 

There is not a significant difference between the slopes of the 

profilesat the interface for structures prepared at 330 and 380°C. 

Effects of diffusion on the profiles are masked by system resolution 

(:fO~ 5 llm.) at this sputtering rate. These SIMS profiles confirm that 

severe interdiffusion between InP and CdS does not occur. From our 

microprobe and optical studies, and the SU1S data of HEDL, we estimate 
0 

the'interdiffusion ~istances for IriP deposited on RXCdS at 280 C to be 
0 

. on· the order of 300 A. This thickness is probably overestimated as 
0 

trans~ission election microscope measurements of 100 ·A thick films of 

InP prepared on CdS at 300°C show no transition regionf 

.Additional studies are necessary to solve the extraneous nucleation 

problem. Slower sputtering rates at the interface are necessary to 

determine the composition at the interface. Films of InP on the order of 
0 

100 A. must be grown on RXCdS. These films must then be examined with 

SEM and SIMS to track the nucleation and growth process. 

15 



SECTION 3 

P-DOPING OF InP FILMS 

If p-type films could be grown at reduced substrate temperatures it 

would not be necessary to eliminate extraneous nucleation on substrates 

at higher temperatures. 'l'o assist in determining the electri r.Al prop­

erties of InP on RXCdS, and to assist in understanding why p-type films 

cannot be prepared at low substrate temperatures, we deposited InP on 

semi-insulating substrates. 

Figure 5 shows the general behavior of the type,and carrier ~on­

centration for InP em seminsulating InP substrates for several rul').!'l 

subsequent to charging In source$ to similar lPvPlc; of Bliil. Tho degree 

of p-type electrical activity is strongly dependent on the substrate 

temperature. At a substrate temperature of 380°C, the films are 

strongly p-type for the first few runs. After the fourth or fifth 

deposition, the films are n-type. The films become either weakly com­

pensated (solid line) or, less frequently, highly compensated (dashed 

line). At a substrate temperature of about 330°C, both n-and p-type 

films are obtained. However, only n-type films are eventually obtained 

with the same source. At a substrate temperature of 300°C or less, 

only n-type films are initially obtained. There are two problems. 

The first is associaten with the substrate. The eJectrical properties 

appear to depend on the substrate temper.atnre. The second problem 

is associated with the source. For example,at a substrate temperature of 

380°C using the same Be-doped source, the type changes from p to n type 

in successive runs. Most likely, the flux of Be atoms decreases 

with the number of depositions. The substrate problem is discussed in 

the following; the source problem is discussed in Section 3-B. 

16 



Figure 5. Type and carrier concentration of InP films prepared at 
various substrate temperatures,versus the number of 
depositions after charging the In source with similar 
l~vels of 5%/95% by weight Be/Al alloy. 
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A. ELECTRICAL ACTIVITY OF Be IN InP 

To verify that Be was present in our films for runs undertaken wi.th 

freshly charged Be sources, HEDL performed SIMS analyses on these films. 

Figure 6 shows SIMS profiles for In, P, Be, Al, and Ga for p-type InP 

prepared on semi-insulating I~P at a substrate temperature of 38Q°C. 

Gallium is present in our system because it is used·to make contact 

between the source heater plate and Cu electrodes. The concentration of 

Ga and Al in our films as estimated from microprobe analysis is less than 

1%. They arc isoelectronic impurities, and if incorporated uniformly in 

the InP at thin level without oxides, are not expcctod to affect the 

electrical, optical, and crystallograpitic properties of our films. An 

3brupt dccrca~c in tl1~ Be, Al~ and Ua profiles uccur at the interfac~. 

The profile of Al falls off more rapidly than the profile of Be, possibly 

because Al finds a stahle location on the InP cation sublat.tice, and does 

not readily diffuse into the CdS. Beryllium probablyexists interstitially, 

and is a rapid diffuser in both InP and CdS. 
Figure 7 is a SIMS profile for P, Be, Al, and Ga in .Be-doped InP 

prepared at an InP substrate temperature of 300°C. NotP. thAt the inter~ 

faces for Be, Al, and Ga are even more abrupt and similar. The slopes 

at the interfaces are probably limited by the resolution of the SIMS at 

this sputtering rate. These SIMS data have verified that Be is present. 

in our n-type InP films. 

The absence of p-type conductivit.v is probably a result of the 

presence of n-type native defects. Figure 8 shows the carrier conc.P.n­

tration and mobility of unintentionally doped films of TnP prepared by 

vacuum technologies on'InP substrates. All films are n-type. The 

carrier concentration and the mobility, respectively, increase and 

decrease with decreasing substrate temperature, at a substrate tempera­

ture of about 300°C tor all of the work reported. Sirice the same 

gerieral behavior has been observed at different laboratories. it is 
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likely a native defect rather an impurity effect. It is necessary 
17 -3 

to reduce the concentration of native defects belm1 10 em before we 

can make p-type films for solar cells. 

One method to reduce the concentration of native defects is to 

change the deviation from stoichiometry. Such effects have been 

observed in GaAs prepared by molecular-beam epitaxy (l1BE) . and metal­

organic chemical-vapor depositio11 (HOCVD)5 • He include some of our 

MOCVD work on a completed AFOSR program (Flf/~620-76-C-0133) to illus­

trate this. Figure 9 shows the carrier concentration versus the AsH
3 

to (CH3) 3 Ga flow rate ratio (FAsH
3

/FTMGa) for GaAs prepared by 

MOCVD. Films are p-type at low F AsH/FTMGa. The films become less 

p-type with inrrP.asing FAsH
3

/FTMGa" With turther increases in 

F AGH
3

/F,r:MGa' the carrier concentratiQn., reaehes a mini~um. Th~ films 

become n type with increasing carrier concentration. At the minimum 

carrier concentration, the total concentrati~n of the electrically 

active impurities, NA+ ND, is near its minimum value. Changes in the 

carrier concentration should also occur in the InP system. It is 

therefore important to find where the minimum·concentration of electric­

ally active native defects occur. In the GaAs system a NA + Nf.') below 
16 3 17 -3 

10 em- can be routinely achieved. Achieving a NAI ND of 10 · ~.:m 

would be adequate in our InP films. We have begun deviation from 

stoichiometry studies for InP grown by PRD. Figure 10 shows the elec­

tron concentration versus the ratio of the PH
3 

partial pressure to the 

In growth rate, PPH
3
/Fin" Data at low PPH /Fln corrcopond to gLuwLh 

near the three-phase boundary. Our materi~l is n-type near the Tn-ri~h side 

ot the three-phase boundary. Our carrier concentration appears .to decrease 

with increasing PPH /Fin" However, additional data must be tal~cn to 

confirm these resulis. We hope the carrier concentration at high 
·. 17 -3 

will be well below 10 em . We must operate at·higher 

ratios to. ueLermine if the carrier concentration reaches 
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1017 -3 em . Our. data were taken with a phosphine source which contained 

a 10% PH
3

/90% H
2 

mixture. In the next quarter we will change to a higher 

PH
3

/H2 mixture to test this hypothesis. 

The important difference between the GaAs and InP systems is that 

for growth near the cation-rich three-phase boundary, GaAs is p-type 

whereas InP is n-type. This difference might be related to the type ·of 

bonding in GaAs and InP. GaAs bonding is highly covalent and the 

tetrahedral covalent ra~ii are equivelent. The Group IV atoms subst~~u~e 
I 

easily for Ga an~ As resqlttng in n- and p-type dopin~~ respective~y. 

In fact, Ga could substitute for As, resulting in further p-type doping as 

suggested by studies in our AFOSR progrl'jrn. )iowcycr, ln·P is more :Lonic 

and the tetrahedral covalent are significantly different. Because InP is 

more ionic it follows & more convQntiorinl d~fect structur~; i.e., excess 

In resulting phosphorus vacancies and n-type behavior. Therefore :it is 

not energetically favorable in the InP system for either Group IV 

impurities or the cation (In) to occupy anion (P) sites to result in 

p-type doping. 

B. TRANSIENT p-TYPE DOPiNG WITH Be 

1. The Source Problem 

Figure 5 shows that in successive runs at 380°C with a freshly 

charged Be-doped source, the degree of p-type doping decreases. Either 

the source does not deliver a constant flux of Be atoms, or it delivers 

a constant flux of Be. Nevertheless, ~he Be is rendered e],.ectrically 

inactive by an impurity such ~s oxygen. Ox~dation of tJ1e Be in the sou~.~.e 

is one possible re~son for the transi.ent: effect. As the syst~m is opened 

up after each ru~, Be is oxidized at the surface. Eventually, most of 

the Be is gettered by the C?xygen. Exposure of the source ~o oxygen is 

easy to avoid in a· production environment, but not so easy to avoid during 

these rese!irch studies. It is therefore t;lecessary t.o know the concen­

tration and distribution of Be atoms in the source and in the films as 

a function of the number of runs after charging t~e source. 
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The films analyzed for Be and describeu prev ·~ .1u.,_,_y \-lere prepared 

in the first few runs after changing the source. We are plau.ning to 

analyze additional films which have been prepared with an old source. 

In the meantime, we have begun a microprobe analysis of our film. We 

undertook an analysis of several Be-doped films with our m~croprobe, but 

it. was not sensitive enough to detect Be. However, Al was detecteq in 

some of our films at about 1% (see Figure 11). Wlien our film, indicated 

by the dqts, is compared with the InP reference substrate, an Al peak 

becomes apparent to the left of the phosphorus peak. Al. is present on 

our films because Be is incorporated in the In .c;rource as a 5:095% by weight 

Be/Al alloy. At high levels of. Al, and presumably al3o u£ Be, the quality 

of the epitaxy degrades. Figure 12 shows SEM and corresponc:lin~ selec.t.ivP 

area electron cliffraction (SAD) pictures of a layer containing ~1% Al., 

This figure also contains SEM and SAD pictures of a layer having less 

than 1% Al. The SEM shows the surfaces to be rougher for the more heavily 

doped layer. There is no difference in the channeling pattern bet":een 

the substrate and· the film, because the film contain less than 1% Al. 

Although our microprobe is not sensitive enough to detect Be, these 

stUdies imply ~1igh concentrations of Be through the presence of Al. 

In audition, they suggest that achieving high concentrations of Be woulcl 

degrade the quality of the epitaxy due to the -required h1.gher concentrations 

of Al. The latter is not understood since Al is a ~nlnmn. III olcmcnl: 

and should substitute for In in low concentration without dF>grad::i.ng the 

quality of the epitaxy. The quality would be degraded if a large concentration 

of, oxygen were included along wi~h the Aland Be. HEDL has begun an 

analysis of C ancl 0 in the films described in Section 3. When tho~e 

results are received we will extend them to films pre:ill'lrPd with an "old" 

source. 

\le ~llso sent an undoped In source to Charles Evens & Associates .. for 

SU1S and Auger analysis. Figure 13 shows their results acquired by 
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Figure 11. 

1 Clf<':!S - 2 

Hicroprobe analysis of Be-doped InP film showi ng about 
1% Al. 
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Figure 12. 

10528-3 

SEM SAD 

SEM and correspc·nc:::.ng SAD pictures of Be/ t_l-doped InP films prepared at 330°C 
containing (top) less th~n 1% and (botton) approx~mately 1~ of Al by microprobe 
analysis. 
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using an oxygen beam to excite seconda·._. iou.,., . . ::c". an undoped In source. 

A mass spectrum (from masses 1 to 250) was obtained from the surface 

region and from the bulk of a high-purity In foil. The relative ion 

intensities between the two In samples are different because of .extrac­

tion efficiencies resulting from changes in sal!}ple topography. For 

example, the 115rn intensity, which was measured with a Faraday cup, is 

6. 0 x 106 f.or the In foi~ and 6. 0 x 10
5 

. for the In source. The Faraday 
113 115 

cup was inserted into the secondary ion beam for In through In 

because the In+ signal was too intense to be placed on the e·lectron 

multiplier •. The intensity measured by the Faraday cup needs' to be 

multiplied by 1,200 to be on the same scale as the remaining ions that 

were measured on the electron multiplier. Whe~ comparing impurity ion 

int&m:il;i0G bob;-een the two In l'!amples, the :caliu· of the impurity inten­

sity to the In matrix ion intensity should be used. The impurities, 

which were found to be more abundant in the In source over the In foil 
9 27 56 69 

are Be, Al, Fe, and Ga. A depth profile of these ions in the 
\ 

In source was then made (Figure 14). The abrupt change in.ion .intensity 

fqur-fifths of the way through the profile resulted when.the sputtering 

rate was increased four-fqld. Each element shows a gradual decrease in 

intensity versus depth. Surprisingly, the SIMS shows high levels of Be 

and Al in the undopeJ source.. We believe these impurity elements are 

in residual In in the PH
3 

inlet line, which subsequently dopes the new 

source. Regardless, this level of.Be does not change the films top-type. 

lnP prepared with this source was n-type. 

Charles Evans & Associates have also done an Auger analysis at the 

;;;urfa<.,:~ uf the InP snnr~P. fnr P 1 C 1 and 0. The~e elements were detP.r.t:..,rl 

at the surface, and their concentrations fall below the level nf RPnRi­

tivity within a few hundred angstroms of the surface. Further studies 

are necessary to determine if repeated exposure of the ~ource to air 

causes the oxidation. 
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2. P-Jype Films by Zn Doping 

Zinc is a p-type dopant in In~ and does not readily oxidize. As 

an alternative to avoid the transient doping effect with In sources 

containing Be/Al alloys, we have prepared p...:.type InP films by Zn doping. 

A small quartz cup (with a stem) is filled with Zn, then inserted in the 

PH
3 

inlet line just below the source, as shown in Figure 15. The cup is 

positioned at a temperature so that the vapor pressure of its contents 

is sufficient to dope the InP film. He have prepareu several p-type InP 

films by this technique on semi-insulating InP at a substrate temperature 

of about 380°C. Room-temperature carrier concentrations and hole mobilities 
16 -·3 :L 

of 6 x 10 em and 80 em /Vsec, respectively, were achieved in the same 

film. 
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SECTION 4 

ALTERNATIVE STRUCTURES 

At a substrate temperature of 330°C, there are presently 1018 cm- 3 

n-type native defects present in out InP films. "This background concen-

tra~ion is too·high to permit.good transport properties by over.compensa­

tion with v-type doping •. At this substrate temperature the prese~t 

morphology of the InP epitaxy is also inadequate. · Figur.e 16 shows two 

lnP/RXCdS structures, which, when considering· t.he present material con­

straints,· are possible for operation as efficient all-thin-film cells. 

In the first structure, a thin, 0.1 llm thick,. n...:type InP epitaxial fUm 

is deposited.directly on the RXCdS substrate at 280°C or less. The 

purpose of this film is to provide a homojunction and act as a buffer 

layer to permit the subsequent epitaxial growth of p-type InP at a. 

higher temperature. This approach eliminates the materials constraint 

of preparing an InP film on RXCdS,which must simultaneou~ly contain 

large grains and be p type. To make this structure viable, it is 
17 -3 

necessary that NA + ND be about 10 em or less. Whether a. NA + ND 
17 . -3 

of 10 em or less can be achieved at about 300°C depends on the 

results of the studies in Section 3 which examine the effect of devia­

tion from st?ichiometry· on the electrical properties. 

The alternate approach.in Figure 7, must be used if 

the background concentration of native defects cannot be reduced to 

1017 cm- 3 at 300°C or less where good epitaxy. can be achieved. In this 
.... 

structure, an n InP epitaxial layer is prepared at 280°C as in Figure 1. 

This buffer layer will permit the growth of an epitaxial p+ layer at a 

higher temperature ot ]~U 4 C. A p-type layer would be deposi~ed un th~ 

p+/n+ tunnel junction at the same temperature. Light would be incident 

on an ITO or CdS transparent top contact. 
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SECTION 5 

SUMMARY AND FUTURE WORK 

In this period we grew In~ on RXGdS at an intermediate substrate 

temperature of 330°C. · The quality of the epitaxy wa.s inadequate. 

Although SIMS showed the InP/CdS interdiffusion not to be serious, the 

SEM and x-ray Read pictures showed the InP grains to have both large 

and submicron dimensions. Extraneous nucleation of rnP crystallites 

occur at this temperature. During the next period it will be necessary 

to vary the growth conditions,in particular, the RXCdS thermal etch 

procedure, and to vary the InP deviation from stoichimetry to increase 

tho gr.:tin oice, 

Be-doped InP films were also grown on semi-insulating InP sub­

strates at 330°C. However, consistent p-type doping was not achieved 
18 -3 because of a high concentration 10 em of n-type. native defects. 

The concentration of native defects varies with the.deviation from 

stoichimetry in GaAs grown by low-pressure techniques. Such a behavior 

ls expected with IuP. We began to vary pfH
3
/Fin in our stqdies,anP. 

shall continue to do so in the next period to reduce the concentration 

of n-type native defects. 

With e:ontiitueJ use of Lhe same :Be/Al duped In source, the degree 

of p-type doping decreases. We believe this decrease is primarily a 

result of oxidation of the Be and Al at the surface of the In source, 

and consequently, a reduced flux of Be atoms. With SIMS a~alyses, we 

have confirmed the presence of Be in our InP films prepared from 

sources freshly charged with Be/Al alloys. We will ext~nd these studies 

to films prepared with older sources. If the transient doping behavior 

with Be cannot be corrected, we'will p-dope our film with Zn. 

In the area of device fabrication, the first step will be to pre­

pare a thin (::::::0.1 ).Jm) layer of epitaxial InP on RXCdS at about 280°C and 

evaluate that film. The second step will be to grow in succession, 

without breaking vacuum, the thin layer at 280°C and a 1-).Jm-thick p-type 

layer at a higher temperature (~350°C). 

40 



........ ,4.:' 

REFERENCES 

1. N.G. Dhere and r1.R. Parikh, J. Va~. Sci. Technology ll_, 714(1980) 

2. M. T. Norris, ~ppl. Phys. Lett. 36, 282 (1980). 

3. J.H .. McFee, B.I. Miller, and K.J. Ba.chmann, J. Electrochem, 
Soc. 124, 259(1977). 

4. J.P. Duchem;in, M. ·Bonnet, G. Beuchet anJ F. Koelsch, GaAs and ·Related 
Compounds 1978 Ins~. Phy:s. Con~. Ser. 45 p.lO. 

5. Y. Seki, k. Tanilo, K. Iida, and E. Ich~ki, J. :E:lectrochem,, Soc. 122, 
1108(1975). 

41 

~u.s. GOVERNMENT PRiNTING OFFicE: 1981-740~14512020 

.;·. ~~. 




