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Oxygen Effects of Phosphorus and Boron

Diffusion in Silicon

Mitsuo Furukosuai, Tetsuo Muranoi, Isao Kikuma

Abstract : — Two methods of diffusion on POCl; and BBr; are performed
to investigate the oxygen effects on phosphorus and boron diffusion coefficients
in silicon. One is the case of containing oxygen gas with the impurity vapor
(method A), and the other oxygen gasless (method B). PN junctions are
formed to obtain diffusion coefficients. Junction depth and an average conduc-
tivity in a diffused layer are measured by angle lapping and staining method
and by four probe method, respectively. Diffusion process is the two-step method
and impurity concentration is approximated to a Gaussian function. In phos-
phorus diffusion, method B shows higher values in diffusion coefficients than
method A. In boron diffusion, method A shows higher values than method B
in contrast with phosphorus. The difference can be explained by the Coulomb’s
force between diffusing impurity ion and the donor state produced by clustering
of silicon oxide. Significant difference between the two methods is not observed

in reverse biased breakdown voltages.
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Table 1 Diffusion condition
‘ DEPOSITION DRIVE-IN
METHOD E — :

Temperature | Time Temperature Time

A 580~980°C 5min 1050°C 240min
1100 330

Phosphorus 1150 60~180
B 770~980 5~10 1200 230
A 800~940 b 1025 180
| 1075 132
Boron 1125 105
B 655 5 1175 15

Method A : N; 1//min Ar 0.1//min O, 0.1/{/min
Method B : N, 1//min Ar 0.1//min
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Fig. 1 Diffusion system
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3.2 #h#k (Drive-in Diffusion)

3.1 THERG U P aipn bl i i S T 3 IR T A2 b » Td 10004 Fiprow
SIREL T2 DT, ZOIMEH EOBES ST, s Es T En b, 4
T A D OFT IR T & %, Table 1 Ofipr & BT, Ar 2 AL L TR
BEAN LIRS T IE LI 21T 7 - 7o IAHORF I e DY S S LD R R L
EHICESIVFMED AR Z Y X2 HBBL & BTV RMIELLCE DI RALELDTH
B

TEEARHO T — RN D L H1cEDT I LB TE B,

D=2Dy exp (—AH/RT) - eoerermmmiiiaiiii @
ZIT Do lIEBGER, ROIEEER, T @i, AHIEEe= 3L X —Th
Z) o
P 1209 1100 1000 ()
— T T T T T

Di=T7.6exp (—85000/RT)

Du=0.65exp (—78000/RT)
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Fig. 2 Temperature dependency of diffusion coefficient of phosphorus
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Fig. 3 Temperature’ dependency of diffusion coefficient of boron

Table 2 Diffusion constant and activation energy

Impurity Method Dy NH
A 7.6 cm?/sec 85000 cal/mol
Phosphorus
B 0.65 78000
A 1. 04 80000
Boron
B 0.16 76000
Fuller’s work® 105 | 85000
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