
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

Physics Faculty Research & Creative Works Physics 

01 Jan 1972 

A Study Of Phosphorus Adsorption And Desorption Kinetics On A Study Of Phosphorus Adsorption And Desorption Kinetics On 

Silicon (111) Surfaces Silicon (111) Surfaces 

L. E. Davis 

L. L. Levenson 
Missouri University of Science and Technology 

J. J. Melles 

Follow this and additional works at: https://scholarsmine.mst.edu/phys_facwork 

 Part of the Physics Commons 

Recommended Citation Recommended Citation 
L. E. Davis et al., "A Study Of Phosphorus Adsorption And Desorption Kinetics On Silicon (111) Surfaces," 
Journal of Crystal Growth, vol. 17, pp. 354 - 356, Elsevier, Jan 1972. 
The definitive version is available at https://doi.org/10.1016/0022-0248(72)90269-2 

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in Physics Faculty Research & Creative Works by an authorized administrator of Scholars' Mine. This work 
is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/phys_facwork
https://scholarsmine.mst.edu/phys
https://scholarsmine.mst.edu/phys_facwork?utm_source=scholarsmine.mst.edu%2Fphys_facwork%2F2417&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/193?utm_source=scholarsmine.mst.edu%2Fphys_facwork%2F2417&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1016/0022-0248(72)90269-2
mailto:scholarsmine@mst.edu


Journal of Crystal Growth 17 (1972) 354—356 ~> North-Holland Publishing Co.

A STUDY OF PHOSPHORUS ADSORPTION AND DESORPTION KINETICS ON

SILICON (III) SURFACES

L. E. DAVIS, L. L. LEVENSON and J. J. MELLES

Department otPhysics and Space Science Research Center, University of Missouri-Rolla, Rollo, tilissouri 65401
U.S.A.

Low energyelectron diffraction (LEED) and Auger electronspectroscopy(AES) methodswere used to
characterizethe(Ill) surfaceof Si wafersbeforeandafter thedepositionof P

2 molecules.Beforedeposition,
the well-known Si(I I l)-7 LEED patternwas easily obtainedby thermal cleaningat 1200 C. Cleaningwas
doneby electronbombardmentin a vacuumchamberwith a basepressureof 10’° Torr. After cleaning,
AES showed that about10-2 atomiclayerof carbonwas the only surfacecontaminant.The sensitivityof
our cylindrical AES apparatusfor phosphoruswas about l0~ atomic layer. We found that -.~5 102

atomic layer of phosphorusdepositedon a Si(ll I) surface causedthe fractional order spots to disappear
from the LEED pattern,so that a sharpSi(l 11)-I patternremained.The kineticsof phosphorusdesorption
from the Si(1 II) surfacewas investigatedwith AES and massspectrometry.P2 was found to be the main
desorptionproduct.The desorptionprocessobeyedsecond order kinetics.The activation energy for the
desorptionof P2 was 68.6 -L 0.8 kcal mole’ for phosphoruscoveragesbetween0.! and 0.5 atomic layer.

1. Introduction Theexperimentalarrangementis shown in fig. I. The
16mm diameter,0.5 mm thick silicon sample(resist-

The mainpurposeof the presentstudywasto deter- ivity > 1000 ohm-cm)wasmountedon a vacuumma-
mine the nature of phosphorusbonding to a clean nipulator. With this arrangement,the samplecould be
Si(111) surface.In this studywe haveusedAugerelec- placedin front of the AES optics(cylindrical velocity
tron spectroscopy(AES) to quantitativelyevaluatethe analyzerwith coaxialelectronbeam),the phosphorus
thermal desorptionkinetics as opposedto the more evaporationsource,or the massspectrometer.
usual methods(seerefs. 1 and2 for review articles)of The silicon samplewas heatedby electronbombard-

determiningthe desorptionrate with a massspectro-
meter. In a previousstudy

3),the quantitativecorrela- HUGER T~L~

tion of phosphoruscoveragewith the phosphorusAu-
ger electron signal had beenmade. Hence,AES has
beenusedhere [as in the study of Florio and Robert-
son4)] to continuouslymonitorthe surfacecoverageof ~ SAMPL E

phosphorusduring heattreatmentof the silicon. Low ~
8~1ABLE -

energy electrondiffraction (LEED) also was used in ~?J~ENT

the hopethat a model for the properpositioningof the OVEN

phosphorusatomsor moleculeswould be indicated.

2. Experimental apparatus and procedure . SOuRCE

The experimentswere performedinside a stainless ,‘ \

steel vacuumchamberwhich could be evacuatedto ‘ \ \, o
pressures~ x 10_soTorr. The main residual gases ~“v-~\ \ \ \~ a 0

present,asdetectedby a monopolemassspectrometer, ~
were I-Ia (PHY ~Pco), CO and CO2 (~~02 -1P~0).
Pressures�2 x Torr weremaintainedduringthe ~‘~DNOPOLE [N2 SHIELD
heatingof the silicon wafer or during the evaporation

of phosphorus. Fig. I. Schematic diagram of the experimentalarrangement.
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ment.The bombardmentoven wasplaced directly be- the initial phosphoruscoverage.Both curves in fig. 2
hind the sample.The oven andsampleweremounted were obtainedwith the samesettingson the AES in-
on the samemanipulator.Temperaturemeasurements strumentation.
were made by a thermocouple(in contactwith the Although the desorptionkinetics results presented
sample)andby infraredandopticalpyrometersthrough herewere obtainedwith AES, massspectrometricstud-
a vacuumwindow. Initial cleaningof the samplewas ies werealsomade.Theserevealedthat the phosphorus
accomplishedby heatingat 1200 °Cforseveralminutes. desorbedpredominantlyin the molecularform of P2.
Subsequentcleaningwaspossibleat lowertemperatures After the phosphoruslayer wasdepositedandchar-
and shorter time intervals. After cleaning, LEED acterized,the sample was heatedto a fixed temper-
(LEED opticsnot shownin fig. 1) patternsof the well- atureT. During heating, the phosphorusAuger elec-
recognized Si(Ill )-7 structure were observed. The tron signalS wascontinuouslymonitoredas
AES scanof the clean sample(fig. 2a) revealedthat ~ — dN~(E~/dE (I)
carbon[estimatedcoverage0.05 monolayer

3)]was the — ~

only remainingimpurity. Fig. 2a showstheAugerspec- where N(E) is the number of electronsat a given
trum of silicon beforethe depositionof phosphorus. energyF. HereS is the signalrecordedat the electron
LEEDpatternswerealsoobservedwithvariousamounts energy E of 121 eV, which correspondedto the mini-
of phosphoruson the Si(l 11) surface, as measuredby mum of dN/dE. Sincethe shapeof the phosphorus
AES. Augersignal doesnot changewith coverage3’6)it fol-

Thephosphorusevaporationsource,alreadydescrib- lows that
ed3’5), is a sourceof diatomic phosphorus.Therefore, ~ — 2)
in our study, the phosphoruswas depositedon the Si —

surfaceas P
2. An initial coverageof approximately where 0 is the fraction of one monolayercoverage.

~ From the measuredpopulationdensity N0~,1(atoms
~ cm

2), at monolayercoverage,we could determineN
5

as a function of S. The rate of desorptionI~/~(atoms
cm

2 sec~5)wasthen determinedfrom measurements
of dS/dt, the rate of changeof the phosphorusAuger

electronsignal.

3. Experimental results

3.1. LEED

I I Beginningwith a cleanSi(l 1 l)-7 diffraction pattern,

50 100 150 it was observedthat the fractional order diffraction

(B) beamsof the Si(1I l)-7 disappearat about0.05 mono-
layer of phosphorusto form a Si(lll)-1-P structure.

I I This structuredoesnot changewith increasingcover-
50 100 150 age, but aboveone monolayerthe diffraction beams

are very low in intensity.At 3—4 monolayers,all dif-
(A) fractionbeamsare completelyextinguished,indicating

Fig. 2. Auger spectra ldN(E)IdEl of the Si (III) surface, amorphousgrowth of the phosphorus.
(A) Thermallycleanedsilicon; (B) afterevaporationof approxi- .

mately 7.5>< 10’~atoms/cm2of phosphorus(121eV). Adsorption of phosphoruson silicon at elevated
temperatures(T> 850 °C)did not changethe surface

7.5x iO’~atomscm2 was used for the desorption structure(i.e., the LEED patternwas Si(lll)-l-P). It
studies.This correspondedto nearlyonemonolayerof is significant that the Si(I I l)-6-P diffraction patternfor
phosphorus,as determinedfrom the Auger electron phosphorus-dopedsilicon reportedby Gallon,Prutton
spectrum.Fig. 2bshowstheAugerspectrumtakenwith andWray7)wasnot observedin this study.
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3.2. AES minedfrom plotsof log Nversusl/Tfor0.l < 0 <0.5.

Thegeneraldesorptionrateequationfor a singlesur- Thevaluefor ED wasfoundto be68.6 ±0.8 kcal moL
facebond is in this rangeof 9. The averagevaluefor the pre-expo-

nential factor v
2 was4 x l0~atoms’ sec ‘ cm

2.
—N = N~v~exp (—ED/RT), (3)

wherefit is the rate(atomscm2 sec’) of desorption, 4. Discussion
N is the instantaneousconcentration(atomscm2) of The LEED results show that the fractional order
P atoms, ED is the activation energy of desorption beamsare extinguishedby the depositionof approxi-
(cal mol~),R = 1.987cal mol’ oK_i, T is the ab- mately0.05 monolayerof phosphorus.This indicates
solutetemperatureand v~is the pre-exponentialfactor that a part of the Si(I 11) surfaceis restructuredby the
for nth orderdesorption.By measuringthe desorption presenceof a small amount of phosphorus.Weber8)
rateat severalfixed sampletemperaturesall parameters has found that Si(l II) surfaceshaving less than 0.01
are determinable, monolayerof carbon impurity also give the Si( Ill )-7

Fig. 3 is a typical isotherm(T = 1140 ± 10 °K)of LEED pattern.Sinceour surfaceshadcarbonimpurity
the desorptionrateas a functionof phosphoruscover- levels of 0.05 monolayer, it is clear that the Si(l I l)-7
age.Forall isothermsin the temperaturerangeof 1000 patterndoesnot necessarilyindicate a clean surface.
to 1200 °K,thedesorptionwasfound to bedominated Furthermore,it is apparentfrom theseobservations
by a secondorder process,n = 2 (indicated by the that the Si(lll) surfacestructureis dependenton the
slopeof fig. 3). At very low coverages(0 < 0.1), there amountaswell as on the type of impuritiespresent.
was also an indication that the desorptionchangesto Thedesorptionkineticsof phosphorusasdetermined
first order.However, morelow coveragedatais needed by AES havebeenshownto be secondorder. Since it
to confirm this, wasalreadyknown that the adsorbedphsophorusspe-

The activation energy of desorptionED was deter- cies was P
2 andthat the desorbedspeciesis predomi-

nantly P2 (P~1� 0.2 P~2),we concludethat P2 dissoci-

~ I I I I I I I I I, ates upon adsorptiononto clean silicon and then re-
combinesduring desorption.

50 We have found AES to be much moresensitive in
determiningdesorptionkinetics than massspectrome-

T~1140°K tric methods.isothermaldesorptionmeasurementswith
a massspectrometerin this study revealedno kinetic

to - - information belowa few tenthsof a monolayer.Future
studieswithAES shouldresolvethe desorptionkinetics

5.0 of phosphoruson silicon below 0.1 monolayer. How-
everwithoutmassspectrometricanalysis,low coverage
datamay notreveal much aboutthe surfacebonding.

L~J
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