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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
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I, Introduction

- Present methods for predepositing phosphorus in silicon lack sufficient

- ~ control and 'repreduciability‘to meet the exacting requirements of iarge-aréa;

silicon radiation detectors. Unlike tra.nsietor. fabrication teéhniques--in which

: diffuszcn at high- temperaturea and long hmes are common--radiatlon de&ectors.

for certaip applications. requ:re aha.uow diffusions and there;ore low diffusion
temperatures' temperatures in &he tange of 660 to 900 C a.nd junction depﬁ.ha
of the oxrder of 300 to 5000 Z\

The source corz‘xmonl_y ‘used_ for the pfe&époai&ion of phosphorus is

phosphoru’s pentoxide. ‘In order to impz'ove the coatrol over tha.“t obtaimb?e

| with phosphoms p@nﬁoxide. ﬁ;he follomng phosphorus compoundf were screened'
PCI3. 5. POCI PHB' and the azeotrope of P 0 and H 0‘ The me&ho&

_used in the last ca.qe and the results ob&ained p oved to be of interest and are -

A

i : ‘.

o, Source Prepa.ruuon

; e'

The azeotx’ope of phoaphowa pentoxide and water has the {onawmg pro-

# . ¢

i. J.R, Van Wazer. Phosphoms and its Compounds. (Entewcaem:e

Pubhshers. Inc.. New York. 1958), Vol i, p. 773,
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) "_'(b) Boilmg pomt‘ 864 C;
"(‘c) Va,por preaeure. log P ram 8 7788 5%_____8%2_(_@

SR ‘:'where P is the preasure in mrn of Hg, a.nd ‘ o 4 '. l‘::,

| '1‘ ia the temperamwe m %:, .
Ths azeotrope is readily prepared by heatmg meﬁaphosphoric aeid in

a pla?.mum boat a.t 800 C for severa.l hours. Since the source is an-azeo=

‘ tropic mixture. ita compositmn ia conveniently mamtained by im frequem uae.. .

I :

III Method of Obtainmgf Predeuo._.lt

The Pprepared source in a. pla&inum boa%: was used in the furnace. and

; located upstream from the wafers, . Nxtrogen gas ﬂowz.na a& the rate of 1 / 2.
. 11ter per. minute from boiling liq\ud nitrogen was: used as the cars ier in a Z-in.
diameter quartz tube. . To minimize phaaphorus ccm:a,mmaﬁ:io"z near, the furna,ce

| 'v area the’e*:haust gases were led to a fume hood,

Satisfactoz-y predepomts have been obtained by eabjectinw smtably

. hlk«;ane;d_ waﬁ"ers”go the vapors for:pe'nqda»olf 60 min to 16 hr, and at tempc;mtufes _‘
B ~ in the range of 600 to 800°C. . ,Texriperat'urés and tirmes different from the in-

. dicated ones may also be used, .

IV Results '

Y

1. Pred@poszt at 80006 for 60 min

Wa.fers of approm.mamly 15 60 ohm-cm, p—type

silicon gave: the fouowi,ng surface sheet reezstances 2

N 4

'2 - Sheet’ reszstancea ‘were measwzed with a four -pomt probea wzth equally

.,;' ,,:‘,
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CWafer g ohme/O - Wafer # ohms/)
627 68 . . o sar 77
- 628 'y 542 . 64
e am s “
| 2. Predepomt at 600°G for 16 hr ‘ o IR
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Wa.fers of approximately 1500 ohm-cm. P"'Wzﬁe e s

: aﬂicon ga.ve the £ollowing sheet reaiaﬁanc:«zs. e

Wafer 4,‘ oh.mas/El Wafer £ ohms/D
L 83T 45xa10° 3

3 asaed £

538 4sx10%

e f_3.' Predeposit at 800 C for 60 min followed by diffusion at 900 °¢ for 30 min

i Wafers of approximately 1500 ohm-cm. p-type silicon

gave tb.e followmef sheet rematances.

wafer r,'# ohvns[[] ; . Wafer # ohms/l]
;;,a:‘;:~,653-jj-,f;;;_«:.-_ 25 ..5‘18 2.,
659 f zs ALK TUINEIE TRESEE
‘ 517 - 32 S0 s 30

‘ . . V Discussion. -
Sihcon Wafers predeposited at 800 C for 60 min do not have the heavy

- _phosphoailxcate gla.ss layer commonly ohtainea by Che use of P205 or ot‘her ’

o sourcem. However. a hydrophxlic thin layer is presenﬁ: and may be removed =

, by waahing with .?.5% HF The layer is sufficienﬂy thin that comtact to the

o ~ 7 silicon may be made by prassu*‘e poin&s. : U’mform la?:ge ~area predeﬁomm -

were obtained in 'all casaa.‘ Wa.fers diffused by this proceﬁure also made
ra.dia.tion detectora vmth dest ra.ble characteristxcs, L o

The observed va.na.hon in aurfa.ce sheet resistances were probably due
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to a nonuniform furnace ﬁemperamié profile,

.‘"
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W Concm ion

N

The amotrapa of phosphwua pfzmm.idea &nd water provides a ﬁ?zﬁ.qua
o amﬁrce of paosp‘ncrus whose composition as invarianf: and whose vapor
pv zes sure is controlled by iurmce temiaeratuae. ‘ Iis use gives fepréducible
results parucularly valuable af' ﬁ:he low &emperatures rcquu ed fm' the shallow
usion of sﬂicon radaa.tion cietecuors. |
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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

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 1n 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 contractor 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.
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