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NVL Summary
MOCVD COMPARISON BY EER
FOR SAMPLES

R.S.R.E. #0/69 (7um thick) AND NVL #HMCT-5 (3um thick)

Included are results (X, gamma and theta) vs. depth from EER analysis,

at the University of Illinois prepared by P.M. Raccah.\)Graphic figures of

gamma and theta vs. depth have been added to the R.S.R.E. report to permit

one-to-one comparison of the results.

SUMMARY:

1. Both epilayers appear graded throughout with an interface
region of 1.5 to 2um.

2. Both appear p-type (theta A f) with the R.S.R.E. being well

defined - 'd the NVL sample lapsing to n-type regions during

the dep... profile.

3. Both exhibit law defect density (gamma <100meV) rapidly

increasing at the interface.

CONCLUSIONS:
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1. "fnsufficient control of growth parameters.”

2. "In view of the widely varying composition the invariance
of the carrier concentration provides an important clue.
It implies a high impurities content and strong compensation
rendering the carrier concentration essentially independent

from composition."

3. "This result shows that the relatively low mobility of
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these materials in probably due to impurities scattering
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Quarterly Progress Report for the Second Quarter, July-September, 1983

NVL # DAAK 70-83-K-0047

SAMPLE M.0.C.V.D.
Complete Report Prepared by

Dr. Paul M. Raccah

For comparison see R.S.R.E. Sample report attached.




NVL # HCMT-5

FRELIMINARY OBSERVATIONS

This sample is only 2.5u thick and the interface region
should play a considereable role since it is wusually of that
order. Consequently the 1linewidth should be 1large since
interface defects extend usually at least 1u in the epilaver.
Likewise the minority carrier type definition should be poor
since defects should act as traps and the electron—-hole
interaction resulting from thermalization should dominate. We
therefore expect the phase angle 8 to be around 2 radians and the

linewidth ' to be around 135meV,

RESULTS AND DISCUSSION

As can be seen in the first figure the profile in
composition varies greatly from the top of the 1layer to the
interface. In the first u the composition is X < 0.1 , from then
on .however ,it starts rising steadily until the interfacial
region where X reaches values that are 2 0.2 and it would be
logical to invoke interdiffusion.

The results shown in figure 2, however, indicate that from
the top of the layer down to 2.5y we have ' € 100 meV meaning
that the equivalent etch pits density is of the order of 105,
The 1low density in defects militate against a defects mediated
interdiffusion. We must therefore conclude that the rapid
variation in composition is related to an insufficent control of
the growth parameters.

The results shown in figure 3 are also quite interesting
because over the greatest part of the depth profile the value of

the phase angle 0 is close to 3 radians (almost n) and therefore

N




M.0.C.vV.D. study

the material is of a well defined p—-type character. Even more
interesting is the fact that in those cases where 6 is different
from n it is quite close to 1 radian and therefore essentially
of a well defined n-type.
CONCLUSIONS

The results vyielded by this sample are very different of
what could have been anticipated if it had been an L.P.E.
material. It exhibits unmistakably the structural integrity of
M.0.C.V.D. materials whether I1I-VI or III-V. The low values of
the linewidth is convinciqly associated with an overall well
defined p-type character. The fact that the value of TI' rises
above 100 meV only beyond 2.5u clearly shows that the interface
region is very narrow speaking for a good substrate surface
preparation. Finally the rare lapses in n-type character may be

a confirmation of the "microdomains” hypothesis which we have

presented at the second U.S. Workshop on the properties of M.C.T.
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RSRE # 0/69

INTRODUCTION
This sample has the R.S.R.E. reference #0/49. We were

tald by Dr. Vere that this sample had a CdTe cap and that 1it’¢

thickness was somewhat variable. We first removed the CdTe cap
by our usual etching procedure. It turmed out to have a
thickness of Jjust about three microns. We then proceded to

profile the sample as usual but with one additional precaution .
Namely we repositioned ourselves,after each etching step,as cluse
as possible from the original beam pozition in order to minimize

the problem of depth irregularities.

DISCUSSION
We did take several cpectra of the CdTe cap at various

stages af cur etching. It ie very rich in surface states.as

rJ
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i alwaye the case with CdTe which hazs not been passivated or

Electroetched, and i1t has a relatively large densityvy of
S 2

defects (approximately Sx10 etch pits/cm ).
The epilayer itself is most interesting. Following are
some of i1ts unuzual features :
-Ferfectly defined p-type character throughout

the epilvyer.

~-The carrier concentration 15 1invariant
throughout the <cample while the composition
changes significantly. This 1s of cource

inconsistent with the expected behavior.

-The defects density in this epilaver ics one of
the lowest we have ever Dbserped in any Mercury
Cadmium Telluride (MCT) material,whether grown by

LFE.YFE or bulk.

O0f these the defects density and the very well defined
minarity carrier type are the most significant becauce they show
that 1n thecse recpects the material is comparable to a cleaved
single crystal after removal of the cleavage damage. A most

unusual performance for an MCT epilaver.

4
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The disapointing.but not unusual , feature 13 the
compositional prafile (¢ ve. depth) which i3 rather poor. The
rizse of in the interfacial region is fairly typical and

corncides with a rapid 1ncrease in the defects density =
erpected. The 1interfacial region ie about two micraons deep and

could surely be 1mproved by a better tr=zatment of the substrate’s

surface. Bv precsent dave standards i1t should not eiiceed one
micraon. The puzzling part 15 th- tos of the layer where the
defectz density increases slowly towards the surface while the

cadmium contents i1ncreases rapidl. Trom approsimately 0.07  to
O.21. This feature mav have been determined by the equilibrium
phaze diagram .as one might expect when the material growths
close to stoichiometry and as appears to be the case here (low
defects density). In other words it could be that during growth
the composition kept <liding along the solidus curve. If we Lnew
more about the operating prccedure in MOCVYD we could carrry much
further this analy=zis.

In view of the widely varying compocition the invariance of
the carrier concentration provides an important clue. It implies
a high impurities content and strong compenzation rendering the
carrier concentration essentically independent from

the composition. This result shows that the relatively low




-4

mobility of these materials 1s probably due to impurities
ccattering and rot to detectes scattering {(the defects denzity ic

extremely low).

CONCLUSIONS

It has been predicted (see our paper at the last MCT
warkshop) that epilayers can achieve bullk quality.This rezult is
the first direct evidence that it can be realized and one more
time the material with the lowest defectz dencsity 13 a well
defined p-type material .

The unfortunate part is that these good properties should be
aszzociated with poor control of the compozition and high
impurities conte=nt.

It seems crucial to investigate the causecs,as it does not
seem that they should be unovercomable,and it <ctresses the
criticality of a thorough study of interfacial (growth
medium/single crystal) procescses . A  fundamental study 1=
possible and wc 1d make a better control of the growth parameters
posible. Here ,as with other growth techniques ,it is the lkey to

defects free epilayers with uniform compocsition and electronic

properties=.
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Raw Data
RSRE#0/69
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