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corresponds to a SiO2 thickness of only ~3A. At 
least 30 rain elapsed between the t ime that  the samples 
were cleaned and the t ime that they were put  in  the 
vacuum chamber of the accelerator. The same sam- 
ples were measured by ell ipsometry which indicated 
that  a film thickness of ~40A was present. In  a sep- 
arate series of experiments  (8) it was verified that  
the prompt a-part icle technique and ell ipsometry gave 
the same results for oxide thickness >50A, bu t  di-  
verged significantly for th inne r  layers. 

The na tu re  of this surface layer  which appears 
~40A thick by ellipsometry, but  yet  contains only 
enough oxygen to comprise ~--3A of SiCh is not yet 
understood. 

It  can be seen that  in those cases where the boron 
concentrat ion was large, the oxygen concentrat ion was 
also much larger. The addit ional oxygen which appears 
as a result  of the solvent is ~103 t imes the addit ional  
boron concentrat ion due to the solvent. 

Conclusions 
1. Methanol, acetone, and tr ichloroethylene leave 

measurable  quanti t ies  of boron on the surface of Si 
samples. Reagent and electronic grade methanol  are 
par t icular ly  bad, since they leave visible evaporat ion 
residue spots having concentrat ions as high as ~1014/ 
cm 2. 

2. Chemical solvents can collect an existing uniform 
surface boron contaminat ion into spots of much higher 
concentration. 

3. The lsO(p,a) technique is a usable method of 
determining oxide thickness down to the 3A range, 
even though 1sO is only 0.2% abundant .  
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Etching Solution for Revealing P-N Junctions in 
PbS and PbS,-xSe  

H. Preier and H. Pfeiffer 
AEG-TeIefunken Forschungsinstitut, D-6000 Frankfurt am Main, Ge~nany 

Lead salts are of great interest  as materials  for 
light detection and light emission in the inf rared re-  
gion. The p -n  junct ions  of such laser and detector 
diodes are main ly  fabricated by diffusion. However, 
thus far no etchants have been reported which op- 
tically display p -n  junct ions  in lead salts. Here we 
will report  about an etching procedure for reveal ing 
p -n  junct ions  in  PbS0.6Se0.4 and PbS. The composition 
of the room tempera ture  etch is as follows: 40 ml  de- 
ionized H20, 1.Sg K2Cr2OT, 10 ml  HC1 (37%), 1.5 ml  
HsPO4 (85%). Before use, this etching solution was 
diluted in water  (2 parts water, 1 part  e tchant) .  

An example for an etched p -n  junct ion  in  PbS is 
shown in  Fig. la. Here an n - type  crystal grown by 
subl imat ion from the vapor phase with the carrier  
concentrat ion of 3 X 1018/cm 3 (77~ was diffused in  
sulfur  rich PbS powder (Pb0.49So.51) at 550~ for 1 hr. 
Diffusion and etching occurred perpendicular  to as- 
grown (100) faces. Before etching, the crystal was 
embedded in an epoxy resin and mechanical ly polished 
to remove the p- layer  from the exposed (100) surface. 
For  chemical polishing an etching procedure was used 
which was described recent ly (1). The embedded crys- 
tal  was then dipped into the etching solution for 3-5 
sec and afterwards was quickly r insed in  deionized 
water  and methanol.  As can be seen from Fig. 1 p- type  
PbS is more strongly attacked by the etchant. There-  
fore, the junct ion  is revealed by the step which occurs 
between the p- and n- reg ion  as shown in  Fig. la. The 
var iat ion of the thermoelectric power across the sur-  

Key words: PbS, PbSo.~Seo.4, etchant for revealing p-n junctions, 
IV-VI  compounds. 

Fig. 1. a, Etched p-n junction in PbS; b, variation of the thermo- 
electric power across the junction. 
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The same etching solution was also successfully ap-  
plied to t e rnary  lead salts. Here an n - type  PbS0.sSeo.4 
crystal with a carrier concentrat ion of 4 • 101S/cm 3 was 
diffused in (S0.6Se0A) rich vapor at 550~ for 2 hr. An 
etched p -n  junct ion in an i r regular ly  shaped crystal is 
shown in Fig. 2. As can be seen, diffusion occurred also 
from a defect of the crystal surface. The junct ion 
depth as measured by thermal  probe at 77~ was 
here about a factor of two smaller  than the one re-  
vealed by etching. The lat ter  effect is not ful ly under -  
stood yet and is present ly  being studied in  detail. 

Fig. 2. Etched n-type PbSo.oSeo.4 crystal after diffusion in chal- 
cogenide rich powder. 

face of the etched PbS crystal was used as a control-  
l ing exper iment  for reveal ing the actual position of 
the p -n  junction.  The corresponding result  is shown in 
Fig. lb. A change of the sign of the thermoelectric 
power occurs exactly at the position of the etched step. 
This proves the agreement  of the step with the posi- 
t ion of the p -n  junct ion  and the usefulness of this 
etchant. 
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The High Pressure Crystal Growth of 
Sodium Beta-Alumina 
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Sodium be ta -a lumina  is of considerable interest  be-  
cause of the high mobil i ty  of its sodium ions (1-4). 
Indeed, it has been suggested that be ta -a lumina  may  
be "a prelude to a revolut ion in solid state electro- 
chemistry" (5). Such high ionic mobi l i ty  makes pos- 
sible, for example, its use as an ionic membrane  sepa- 
rator  mater ia l  in  high energy density batteries, such as 
the sodium-sulfur  bat tery  (6-9). Due to the highly 
anisotropic ionic conductivi ty of the be ta -a lumina  
crystal structure, s ingle-crystal  plates or tubes would 
result  in membranes  with improved conductivities and 
would also el iminate  problems associated with the 
electrical short circuit ing due to possible sodium metal  
diffusion along grain boundaries  or through intercon-  
nected pores. For these reasons we addressed ourselves 
to the growth of s ingle-crystal  tubes of be ta-a lumina ,  
oriented such that  the high ionic conductivi ty planes 
of the resul t ing crystal are normal  to the tube axis. 
There are considerable difficulties associated with the 
crystal growth of sodium beta-a lumina ,  due pr inci-  
pally to the fact that be ta -a lumina  appears to decom- 
pose peritectically (10, 11) as well as to the high vapor 
pressure of sodium over be ta -a lumina  at its decom- 
position tempera ture  (11). In  order to produce tubu la r  
crystals, we have made use of a recent ly developed 
crystal growth method called edge-defined, film-fed 
growth (EFG),  which enables a var ie ty  of crystals to 
be grown having  any constant  cross-sectional shape 
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(12-19). To counter  the problem of sodium vaporiza- 
tion, a high pressure (300 psi), iner t  gas, EFG crystal 
growth chamber has been constructed, and to con- 
ta in  the reactive melt, both the crucible and the crys- 
ta l -shaping dies were fabricated from iridium. 

In  the basic EFG procedure for crystals having a 
tubular  shape, the l iquid melt  rises by capillary action 
to fill the feeding orifice in  the tubu la r  die (12-15). A 
seed crystal is then  brought  into contact with the melt  
at the top of the capil lary feed slot. After  ad jus tment  
of the melt  temperature  and seed withdrawal  rate, the 
melt  spreads across the top surface of the die un t i l  
fur ther  spreading is prevented by the 90 ~ change in  
contact angle at both the inner  and outer edges of the 
die. The growth of a tubu la r  shape from a th in  l iquid 
meniscus is then established. 

The design of the high pressure EFG chamber 
needed to suppress sodium vaporization dur ing  growth 
is shown schematically in Fig. 1. A water- jacketed  
Type 304 stainless steel chamber  comprises the basic 
pressure vessel. This vessel is fitted with two quartz 
viewing ports, each 4 in. in  diameter. In  addition, both 
x-y  and l inear  feedthroughs enable the position of the 
crucible and EFG die to be controlled both vert ical ly 
and horizontally. The crystal wi thdrawal  mechanism 
is of s tandard design I and has a water-cooled shaft 
which can apply pul l ing rates be tween 0.01 and  10 
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