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DIFFUSION OF PHOSPHORUS IN SILICON FR.O;M THE AZEOTROPE 

"J;' 

·· OF PHOSPHORUS PENTOXlDE AND WATER 

_.,.._, .. : Robert P. • Lothrop 
.,,. ··:' ~.·., 

. '. .' . ~ 

~ .. ··. ·•· ". Lawrence' Radiation Labol'at~ry · · 
·., ·· ... · · .. ·.' '-University of California·' 
· · . .-:: . Bel'keley, California . 

..... -. 1 - ". • 
. . . -

t. Introduction 

Present methods for predepositing phosphorus in silicon lack sufficient 

·control and reproduciability to meet the exacting requirements of large-area 

silicon radiation detectors. Unlike transistor fabrication techniques--in which 

. diffusion at hifih temperatures and long times are common--radiation detectors; 

for ce~ applications, < require·. shall~w diffusions. and therefore low diffusion 
~ . . 

. . . ...• ·. '···:· ' ... · · ... : . . 0 . 

temperatures: temperatures in the, range of 600 to 900 C, and junction depths 
. . 

o£ the order o£ 300 to 5000 1 ... 
The source commonly used for the predeposition of phosphorus is 

• 
phosphorus pento~de. In order to improve the control over that obtainable 

with phosphorus pentoxide, the following phosphorus compounds were screened: 

PC13, PF5; POCl3, PH3, and the azeotrope oi P2.0S and H2o, The method 

used in the last case and the results obtained proved to be of inte:~.·est and are 
.. # "· '1 ' . 

reported here. 

. i 
! 

U. . Source Preparation 

The azeotrope of phosphorus pentoxide and water has the following pro-
. 1 I 

pertiea: · 

' ,· ,. 

1. , J. R. .Van Wa.zer, Phosphorus and its Compounds, (ln.terecience 
' 

Publishers, Inc., New York, 1958), Vol. 1, p. 773. 

' I 
-.~-j 
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. (.a). Com~osition: 9Z.4o/o P 2o5 •. 7.60/o H29: 
('b) .. Bolling point: . 864°C; 
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· · · ···. · ··. . 5 9080XS64 
·~ .· >.: .':'.;.;; ,.(,~) }'a.por·pre.~u3ure:·. log P mm = 8.7788,.· • T · •' , .. 

,·• <I 

' ' , . ; ''\'Vhe're P is: the ~reseure' in ~ of Hg, and .•· 

·. . T 'is ~e ~~~per~tu~~ in<~~·. . . . 
\ ~-

The azeotrope is. readily prepared by heating metaphosphoric:: acid in 

a platln~ boat at's'o'o0 c·· for· several houra •. Since the sou~ce ie anazeo-

'·· 

. ' . • i i ; • • • • • . ··•· . .' 

tropic mixture, .. its. composition is conveniently mainta~~ed by its freque~t uee •.. 
< ' ; ·. ' ' . ' ,. . . . ' !: . ·. ~ . ' ~.. ' . . l . ' . . . .' ' ; . 

' ' • • ' ,,· • : .; • : • ' 1 •• '. • : ·~j ; . c '· 

.. : :. \ 
· , : m~''· . Met..l,.od o£ Obtaining Predeposit . , . 

'. ' ~ . ! ' ... 

The prepa:a:ed source in a platinum boat was used in the furnace, an.d 
' . . •' . . . . ' . . .. 

located upstream from the wafeJ;'S •. Nitt:ogen gas flowing at·the, rate of 1/Z. . ·. -~. . . . . 

. ·.liter per minute 'from boiling liquid¢trogen '\vas;used as the carrier in a l-in.-
• • • •• • • • •. • ! • ' •• • 

diameter quartz .tube.· .. · .. To. rillni:mize phosphorus contamination near. the furnace 
• o ' o' • ~ ' ' I ' I ' 

area ther~:W.a.ust,ga.ses v1ere led ·to a fume hood. 

' Satisfactory pred~poaits have bee~ obtained by subjecting. suitably 

:cleaned :wafers to. the. vapors 'for periods of 60 nlin to 16 hr, ~d a:t texnpe:t:'atures 
' ' ' .... : . : . . ' ' . . . 

in the range of 600 to S00°C •. Temperatures and ti:r.ctes different from the in-.. 
' . . ' ' ... · .. ·' 

dicated ones may also be used. 
, .· ' -· ,•. ,· . . . ' 

~ . ,·. ,, 
IV.~· Results· 

1 •. Predep~sit at e'oo°C for 60 min 

. ·wafers :of appro,dm.ately 1500 ohln-cm, p-type 
t -: .. 

. ..... :, ', 

i- ••.. 'i 

· , ~ sUicon gave the following surface sheet reeistances:2 
', 

z.- ·Sheet resistances ·were measur~_d Wi~· a. four-P<>iUt probe with equally 
{ ,: '·.~' 

spaced points. 
··· •• : • I ' ' ' . . ·• ,,, . ~ ' ' . ' ' 
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Wafer fF ohms/0 

6Z7 :. ·.. ;.' 68 . . , . : · 

.628; .. 

6Z9 ·. 104 

Wafer #: ... ohmsfg 

541 

542 '• ,'. 
.· .• i 

" 545 

77 

64·· 

64·. \ 

~!' ' 

. .. ·~ 

· z •. Predepoeit at 6oo6 c for 16 hr 

.,, ).· ... Wafers of approximately 1500 ohm-em, p~type ·.: .: .. 
• ' ::': l,' f • :•' : • ' f ~ j j • : •i ) o ' ', t • • ' • •' ; • : > ' ' 'o 'I ' • • ' : ~ • ' ~ • ' I ' .·' • 

· · ·. · :_silicon gave the following sheet resistances:· 
"·;·:·.·. . ' . . .. 

Wafer * ·. ohms/0 · Wafer: #.. . ohmfi/0 . ' . . 

.). · 537·.. · · 4.5Xl03 538 4.5Xl03 · 
. '7 . 

''·. 53't-.'· . .'.' '. ', 
7 ". ·! .·: ·4.sx1o3 ..... ,, , 

3. Pre deposit at 800°C for 60 min followed by diffusion at 900°C for 30 min 
.. ~ ' 

,\' ' . ..... .; ' 

L_ '• ': ;, •. Wafers of awroximately 1500 ohrn~cm, p-type silicon 

, , _:,· ·<·.~:. ·. :•. :··:·''· .;· gave the ,following sheet':-esistances:. 

. ' :·· ~-; ·:'••· 659 ... ·.· 25 ( ·.: ·.'.' '. 

' 

· ohrris/0. 

3Z 

,, . 31 " 

f i .· 

•' 'I ,. 

;., . 
. ',' 

. ,., 1.:. 

·' -· I ' I 
' .. ~ 

···. 517 30.· 
.. J. 

. : ·.· ', 

.'!"·. 

V. Discussion. 

Silicon -/vaiers predeposited at 800°C for 60 nrln do not l'>..ave the heavy· 
·• 

phospho.sUic::a.te gl~ss layer commonly obtained by the use of P 2o 5 or otlu~r 

,, ·· sources. 'Howeve~~··a.hyd·rophllie. thi_nla.yer is presentand may be removed 

' i" .· 
. ·.J. 

by washing with 25o/o I~F. ··.The layer is s~ficiently thin, *at -~ontact to the . . 
. : 1 

sUicon may be made by pressu:re points •. -Uniform large-area pl"edeposits 

were obtained in' all cases~ Wafers diffused by this procedure also made 

radiation detectors with desirabl~ characterisUcs. ·' :_,·, ···> 
• ' . ~ ... . ;\ .~ ' !. ~ 

.'.The observed variation ·izl surface sheet resistances ~ere probably due 

. . . ~ 

J, 

' ~: 

·, 

> ~-

.. · . ' 
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to a. nonuniform furnace temperature profile • 
:, . 

.. 
Vl. Conclusion 

•·~ source of phosphorus whose composition is invariant and whose vapor 

pressure is controlled by furnace ten1pera.ture. Its use gives rep:roducihle 

results particularly valuable at the low temperatures required for the shallow 

diffusion of silicon radiation detectors • 

. ,· .. 

..,:.,_· 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­

missiOn, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa­

ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

8. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 

this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­

mission, or employee of such contractor, to the extent that 
such employee or contr8ctor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






