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ON THE DIFFUSION MECHANISMS AND DIFFUSIVITY OF
THE II1 AND V GROUP DOPANT IN SILICON MATERIAL

Vu Ba Dung
Faculty of Physics
Mining and Geology University, Hanoi

Abstract Diffusion of impurity into silicon materials plays an onportant role in semic
ductor device fabrication technology. The determination of u.’ai_ffm-'ion mechanisin is v
difficult task. So far the diffusion mechanisms in silicon have been discussing. There
three dominated rmain mechanisms of the III and V group impurity element diffused 1
silicon crystal such as interstitial mechanism, vacancy mechanism and interstitialcy me:
anism. In this report, the author estimated the diffusivities in three cases. An erpressi
of boron diffusitivity in silicon based on interstitialey mechanism was presented. It shou

that the diffusion mechanism affected strongly on diffusitivity of tmpurity in silicon.
1. Diffusion and diflusion mechanisim of atoms diffusion in silicon crystal

1.1. Fick theory of diffusion

The simple theory of the diffusion given by Fick in 1958 with basic contents ct
sisting two laws of Fick 1 and Fick II as following:
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The Fick I and Fick Il laws describe only on basis of phenomenology. The I
theory also indicates that the diffusivity D is constant. However, in fact, the diffusiv
depends on many different factors. What does the Fick theory commuunicate about 1
dependence of the diffusitivity on the mechanism of diffusion?

1.2. Diffusion mechanisms in silicon

The diffusion of dopants into silicon may happen as following mechanism: Di
exchange mechanism, ring mechanism, interstitial mechanisin, mterstitialey mechans
dumbbell mechanism crowding mechanism, vacancy mechanism and relaxion mechani
(can be seen below in Fig.1) {1,2]. The diffusion mechanism of the III and V gio

nnpurities are dominated by interstitial, vacancy and interstitialcy miechanisms.
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Fig. I: Some main mechanisms of diffusion in silicon.

). Diffusivity of dopants in silicon

2.1. The general erpression of the diffusivity based on jump theory

L3

Jum» steps based on jump theory carried out the diffusion of impurity atoms into

flicon crvstal. Some authors showed that the general expression as following [1]:

D =c.D(C).h.f. X1

We suppose that diffusivity is independent on impurity concentration D(C)

hen we have

(3)
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where ¢ is the typical constant of crystal (¢ = 1/6 for diamond lattice), v is the jump
frequency that estimated by the jum » theory, A is the average distance between two juic
iz is the average velocity of diffusec impurity atoms, = is the correlation factor h is
internal field enhanced factor [9].

1

2.2. Diffusivity of the IIl and V group tmpurily element diffused u
silicon erystal

h=1+

If the impurities in silicon have been diffused in depth d, byn; jumping steps ba
on the interstitial mechanism. The average distance of each jumping is A, the tim
which the jump were happened is tI and the average velocity of diffused impurity is:

substitube into the Eq. (4) we have:

i
DL=ehirt.
3 ¢ If nirr

The Eq. (7) is the diffusivity of the pure interstitial mechanism.

If the impurities in silicon have been diffused in depth d by ny jumping based
the vacancy mechanism, the average distance of each jumping is A, the time in which
jump were happened is tV and the average velocity of diffused impurity is:

d

Dy = —,
nTy
we have:

, i
D et
nTy

The Eq. (9) is the diffusivity of the pure vacancy mechanism.

I[f the impurity diffuse due to the interstitialey mechanism in order to reac
depth, the percentage of jumps due to the interstitial mechanism is f; and that of «
to the vacancy mechanism is fyy. Therefore the number of jumps due to the intersti
mechanism of impurity atoms is ny fr , the time in which the jumps realized is n;/f,
Similarly, due to the vacancy mechanism the number of juinps of impurity atoms is ny
the time in which the jumps realized is ny fyr,. The time in which the atoms w
n = n; 4+ ny jumps to pass diffusion distance d is;

try = Tlf!T; -+ ??-fl.-'?"v. {
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The average veloeity in the interstitialey mechanisin will be 2. This can be written

the following foi:

o o
Pt e i - - (11)
e nfrry 4+ nfery

Substitute parmmeters into the Ee. (4). we have the diffusivity due to interstitialey

ichanisn:: I
DI ek B x | 12
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We suppose that h =1, f = 1 and using equations (7), (9) and (12) vield them we
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D (13)
% I'he Eq. (13) is the diffusivity of the pure interstitialcy mechanism.

Conclusion

# 1. The diffusion mechanism of impurities in semiconductor materials affects their
sivity very much.

I 2. Inthe interstitialey mechanism, the diffusivity depends on percentage of the num-
pof the jumps of atoms, due to the interstitial mechanism (f;) and vacancy mechanism

3. The velocity of the diffusion depends strongly on the mechanism of the diffusion.
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TAP CHI KHOA HOC DHQGHN, KHTN, t.XVI, n%4 - 2000

VE CO CHE KHUECH TAN VA HE SO KHUECH TAN
TAP CHAT NHON III VA V TRONG VAT LIEU SILIC

Vu Ba Dung
Khoa Ly, Dai hoc Mo - Dia chat, Ha Noi

Khuéch tan tap chit vao vat liéu ban dan 1a mot khau quan trong trong cong
ché tao cac linh kien ban dan, Xdc dinh cdc co ché khuéeh tan la mot viée rat kho.
téri nay co ché khuéch tan trong silic 1a van dé con ¢6 nhiéu tranh luan. Tuy nhie
tap chat thuoc nhém I1I va V khuéch tdn trong silic theo ba co ché chi yéu la co
dien ké, co ché nit khuyét va co ché hon hop. Trong bai bdo nay tac gid da wéc
duge cde hé s6 khuéeh tén trong ba trudmg hop. Bigu thire cia hé s6 khuéceh tan the
ché hdn hop eiing da duwoc dwa ra . Cée két qia wée tinh cling chi ra vdng co ché ki
tan anh hirdng nhieu dén hé s6 khuéch téan cia tap chit trong silic



