Nghién ciru khoa hoc cong nghé

HE SO KHUECH TAN NOI TAI VA HE SO KHUECH TAN TUONG
QUAN CUA TAP CHAT BO TRONG SILIC

Vii Ba Diing, H5 Quynh Anh, Téng B4 Tuan

Tém tit: Trong qud trinh khuéch tan tap chat bo trong silic, sy twong tac gitta
bo va sai héng diém lam cho qud trinh khuéch tan va hé sé khuéch tan cia bo trong
silic tré nén phirc tap. Vi vdy, viéc xdc dinh hé sé khuéch tan cia bo trong silic
khéng hé don gian. Tuy nhién, ung dung ly thuyét nhiét dong lyc khong thudn
nghich, qud trinh khuéch tan va hé sé khuéch tan cia tap chdt bo trong silic cé thé
duoc ly gidi, tinh toan va khao sat. Trong bai bao nay, cdc tac gia da gioi thiéu cdac
két qua nghién ciru vé hé so khuéch tan néi tai va hé sé khuéch tan tiong quan cia
bo trong silic. Cac két qua da cho thay:

i) Heé $6 khuéch néi tai va hé sé khuéch tan twong quan cua bo trong silic phu
thudc vao nong do ciia bo va nong dg sai hong diém;
ii) Khi nong dg bo thdp, hé so khuéch tan néi tai cé dau dwong va bo khuéch
thong thuong trong Si;
iii) Khi n&ng dé bo cao, hé s6 khuéch tan néi tai cé dau am va bo khuéch Ién
d(i'g trong silic. Yl o
T khoa: Khuéch tan bo trong silic, Hé so khuéch tan ndi tai, H¢ so0 khuéch tan twong quan.

1. MO PAU

He¢ s6 khuéch tan 13 théng sb clia quan trong ciia qua trinh khuéch tan. Trong cc quéa
trinh khuéch tan don gian, hé s6 khuéch tan 1a mot héng sO. Tuy nhién, khuéch tan trong
chat rén noi chung va khuéch tan trong vat liéu béan dan 1a cac qua trinh phtrc tap va hé s6
huéch tan tap chat trong mang tinh thé chit ban dan phu thudc vao nhiéu yéu t6 khac nhau,
nhu ndng d¢ tap chét, ndng do sai hong diém trong Si. Khuéch tan tap chét trong chat ban
dan thuong 13 cac qua trinh khuéch tan phirc tap da thanh phan, bao gom tap chat va sai
hong diém. Sy twong tac gitra cac thanh phin lam cho qua trinh khuéch tan va hé sb
khuéch tan ciia cdc thanh phan trd nén phirc tap hon nhiéu so véi khuéch tan don thanh
phan [1-6]. Khuéch tan tap chat ciing nhu khuéch tan bo trong silic ciing dd duoc nghién
ctru boi nhidu cach tiép can khac nhau, va hau hét déu cho ring tap chit thyc hién khuéch
tan don thanh phan trong silic [2, 3, 5]. Trong bai bao nay, trén co s& 1y thuyét nhiét dong
luc hoc khong thudn nghich va cho rﬁng tap chit khuéch tan trong silic 1a loai khuéch tan
da thanh phém (tap chét va sai hong diém), cac hé s khuéch tan (hé sé khuéch tan noi tai
va hé s khuéch tan tuong quan) cua tap chit B trong Si dd dwoc nghién ciru. Cac hé sb
khuéch tan noi tai va hé sb khuéch tan twong quan cua B trong Si di duogc tinh toan, khao
sat va thao luan.

2. HE SO KHUECH TAN CUA TAP CHAT B TRONG SILIC

Trong qua trinh ché tao vat liéu ban dan, linh kién ban din hodc mach to hop (IC),
mot qué trinh cong nghé quan trong la khuéch tan céac tap chét (B, As, P ...) vao trong
mang tinh thé silic (Si). Hau hét cac qua trinh khuéch tan tap chét la khuéch tan da thanh
phan, bao gdom tap chét va sai hong diém [1-3]. Khuéch tan tap chét bo (B) trong silic phu
thugc vao sai hong dién k& (I) va nat khuyét (V). Tap chat khuéch tan trong Si c¢6 thé xay
ra theo mot s6 co ché khac nhau nhu: co ché nit khuyét - vacancy, co ché dién k& -
interstitial, co ché kick-out, co ché tai hop... [2-9]. Tuy nhién, khuéch tan tap chit B trong
silic theo ba co ché chinh 1a: co ché nut khuyét, co ché dién k& va co ché hdn hop. Khuéch
tan theo cac co ché nay thuong lam sinh ra cic sai hong diém. Cac sai hong diém twong
tac va khuéch tan ddng thoi cung tap chit B, va nhu vdy, qué trinh khuéch tan tap chit B
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trong Si 1a qua trinh khuéch tan ba thanh phan (B, I va V). Dy 1a mot qué trinh phirc tap,
cac ly thuyét khuéch tan don thanh phén nhu ly thuyét Fick khong thé mé ta duoc qua
trinh khuéch tan nay.

Tuy nhién, dua trén co sé ly thuyét nhi¢t dong luc hoc khong thuin nghich (hé
phuong trinh Onsager) ta c6 thé mo ta dugc qua trinh phtic tap nay. Phuong trinh Onsager
mo ta qua trinh khuéch tan i thanh phan duoc viét nhu sau [10-13]:

J = Y LX, )]
k

& day, J; mat do dong khuéch tn cuia thanh phan tir i, X, 1a lyc nhiét dong, Ly 12 hé s6 hién
tuong lun Onsager. Ap dung phuong trinh Onsager, qua trinh khuéch tan dong thoi B va
sai hong diém co thé dugc mo ta bang hé phuong trinh sau [1, 14]:

Jp = LpXy + LyX, + Ly X, )
Jpo= LpX, + LpXy + LyX, 3)
Jy = LyX, + LyX, + L,X, “4)

o day, Jg, J; va Jy 1a mit 46 dong khuéch tan cua B, I va V. Trong d6, cac lyc nhi¢t dong
va cac h¢ so hién tugng ludn duogc xac dinh bdi cac cong thirc [1]:

X =y ARE, (5)
C Ox
DC,
L, = 7 (6)
L - L - DVCV-S;;,-DBCB )
Ly = Ly = 200000 ®
L - L DBCB-Z:;,-DVCV ©)

trong d6, Dy, Dy, Dy 1a hé s6 khuéch tan don (hé s6 khuéch tan khi khong c6 twong tac
gilra cac thanh phﬁn) cuaB, 1, V; Cg, C, Cy la néng doB,,V;pla thé hoa hoc; kvaTla
hang s6 Boltzmann va nhiét do. Trong diéu kién nhiét d6 va ap suat khong doi thi phuong
trinh Gibbs-Duhem c6 thé duogc 4p dung [15-17]:

C,X, + C,X, + C,X, =0 (10)
Két hop cac phuong trinh (1), (2), (3) va (10) ta co:
Jy = LBB'LBVCBJXB + (LB1'LBVCIJX1 (1)
C, C,
J = | Ly-Ly Q]X] + [LIB_LIV &]XB (12)
CV CV
C C
Jy = LVV_LV[Cf/jXV + (LVB'LVICBJXB (13)
I 4
Thay cac phuong trinh (5), (6), (7), (8), (9) vao cac phuong trinh (11), (12), (13) ta co:
J, =, % p 9 (14)
ox ox
oC oC
J,=-D,—&_-p, ——1 (15)
1 IB ax Vg 6x
J,=-(J,+J,) (16)
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Trong d6, cac h¢ so khuéch tan Dgg, Dy va Dg;, Dig 1a dugc goi 1a hé so khuéch tan
ndi tai va hé so khuech tan tuwong quan cia B va 1. Trong do, cac h¢ s6 khuéch tan ndi tai
va hé s6 khuéch tan tuong quan cia B dugc xac dinh bdi cac cong thic:

DBBzi 2DB+DV+M (17)
2 C,

DB[ :i DV ’D1 + DVCV 'DBCB + DBCB 'D1C1 (18)
2 C, C,

Phuong trinh (14) cho thay qua trinh khuéch tan cta tap chat B khong nhiing phu
thudc vao hé sO khuech tan va nong d6 cua chinh né (Dg va Cg) ma con phu thude vao hé
s6 khuéch tan va nong d6 cua sai hong diém (D, Dy va G, Cy). Cac phuong trinh (17),
(18) cing cho thdy hé s khuech tan noi tai va hé s khuéch tan twong quan cia B phu
thudc vao ndng d6 cua B va ndng do sai hong diém.

3.SU PHU THUQC HE SO KHUECH TAN Dgg VA Dg; VAO NONG PO

Qua trinh khuéch tan B trong Si dugc xac dinh bdi phuong trinh (14) voi cac hé )
khuéch tan noi tai (17) va hé s6 khuéch tan twong quan (18). Cac hé s6 khuéch tan nay
quyét dinh dén tinh chat khuéch tan ciia B trong Si. Sy phu thudc ciia hé s6 khuéch tan ndi
tai va hé s6 khuéch tan tuong quan vao ndng dd B va nong do sai hong diém s& duoc, tinh
toan, khao sat va thao luédn sau day.

Dong khuéch tan cta B trong silic (14) c6 thé duoc ra thanh hai thanh ph?m Jgs va Jgr:
Jy=Jps TJp 19)
i) Dong khuéch tan ndi tai Jgs phu thudc vao gradient ndng d6 cta B va hé sb khuéch
tan noi tai Dpp:
J BB -D BB %
ii) Dong khuéch tan twong quan Jg; phu thudc vao gradient ndng do cua dién k& va hé
s6 khuéch tan tuong quan Dg:

(20)

J, =-n, 25 @1
ox
Cac phuong trinh (19), (20) va (21) cho thay tinh chét khuéch tan cia tap chét B trong

Si phu thudc hé s6 khuéch tan ndi tai Dgg va hé so khuéch tan tuong quan Dg;.
Sau day, su bién thién theo nong d6 tap chét bo Cy va ndng d6 sai hong dién k& C cia
hé s6 khuéch tan noi tai va hé so khuéch tan tuong quan s& dugc khao sat. O tai nhiét do

khuéch tan T = 1000°C, hé s6 khuéch tan cua sa1 hong diém va cua tap chat B duoc lua
chon 13 D; =2.6x10° lem?s™ , Dy =3.2x10"cm?s™ va Dy =1.28x10"*cm?s" [18].

Bdng 1. Sy phu thugc hé $6 khuéch tan Dggva Dy vao néng do tap chat B.

Cg Bgs Bg G Bgs Bgi

10" 1.6x10" | -1.5x10” 10° 2.3x107"° -1.6

10" 1.6x10" | -1.5x10® 10" 2.3x10" | -1.6x10"
10" 1.6x10"° | -1.5x107 10" 2.3x10"° | -1.6x107
10" 1.6x10" | -1.5x10° 10" 23x10"° | -1.6x107
10" 1.6x10" | -1.5x107 10" 23x10" | -1.6x10™
10" 1.7x10" | -1.5x10™ 10" 2.4x10" | -1.6x107
10" 2.3x10" | -1.5x107 10" 2.1x10" | -2.6x107
10%° 8.1x10" | -1.5x107 10'° 1.1x10" | -1.4x10°
10*! 6.7x10” | -1.5x10"' 10" -92x10" | 1.6x10°
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Béng 1 1a két qua tinh toan sy phu thudc ciia Dgg va Dg; vao nong do cua tap chat bo
Cg khi ndng d6 sai hong diém & gia tri can bang (C; = 1.1x10"%cm”, Cy = 1.0x10"cm”
[18]) va sy phu thudc ctia Dgg va Dg; vao néng do dién k& C; khi néng do tap chit bo
khéng d6i Cg = 10"%cm™.
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Hinh 1. Do thi sy phu thudc hé so khuéch Hinh 2. Do thi sy phu thudc hé so khuéch
tdan ngi tai vao nong do tap chat B. tan ngi tai vao nong do dién ké.
0.00 0.00
180} 0.18}
2 400 040}
A =
‘»
€ 620} £ e
7 e
T2 -840 = 0.84
— a
& -1.06 -1.06
128t -1.28
-1.50 s s ' -1.50 s -
10105107 10" 10% 10° 101 1013 105 107
Cs (cm™) C1 (em®)
Hinh 3. Do thi sy phu thudc hé so khuéch Hinh 4. Do thi sy phu thudc hé so khuéch
tan twong quan vao nong do tap chat B. tan twong quan vao nong do dién ke.

Hinh 1 13 d thi sy phu thudc hé s6 khuéch tan ndi tai vao nong do tap chat bo Cg. Hinh
2 14 d6 thi sy phu thudc h¢ s6 khuéch tan noi tai vao ndng d¢ dién k& Cy. Hinh 3 1a cho biét
su phu thudc hé so khuéch tan twong quan vao nong do tap chat bo Cp. Hinh 4 1a cho biét
su phu thudc hé sé khuéch tan tucyng quan vao nong do dién k& C,. Cac két qua cho thiy:

i) Tai ving tap chit bo c6 nong do thap (Cg = 10" + 10"7cm™) hé s6 khuéch tan noi
tai Dgp khong d01 con tai ving ndéng d6 cao cua B (Cp = 10"+ 10*'cm™ ) thi Dgp
tang khi nong d6 Cp tang;

ii) He¢ s6 twong quan Dy, téng khi néng d6 B ting & ca ving ndng do thip va ndng do
cao (Cg = 10" + 10*'em™);

iii) Ca hé s6 khuéch tan noi tai va hé sé khuéch tan twong quan cé thé co ddu duong
hodc ddu am;

iv) Heé s6 khuéch tan noi tai it thay ddi theo nong sai hong C; va c6 dau duong & ving
néng do thap (C = 10° = 10"%cm™ ) nhung & ving d6 cao (C; = 10" = 10""cm™) thi
bi thay d6 nhanh va c6 thé c6 dau am;
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v) Tai ving sai hong co ndng khong cao (C; = 10° + 10'4cm ) hé s6 khuéch tan tu:ong
quan Dy ¢6 ddu 4m va thay d6i manh, con tai viing ndng d6 cao (C; = 10"7cm™) thi
Dpg; ¢6 ddu duong.

Cac két qua trén da chi ra rang: qua trinh khuéch tan tap chat bo trong silic phy thudc
vao nong do6 va gradient ndng do cua chinh tap chat bo va cua sai hong diém.

Trong da sb cac truong hop thi gradient ndng d6 cua sai hong diém 1a rat nho, c6 thé bo
qua, khi d6, qua trinh khuéch tan B trong silic dugc xac dinh boi phuong trinh sau:
Cy _

']B :‘]BB :'DBBa_x_'E(zD +DV+

C, Ox

Luc nay, qué trinh khuéch tan B trong Si phu thudc vao hé sb khuéch tan noi tai.
Tuy nhién, qua trinh khuéch tan cua B van phu thugc manh vao nf)ng d6 sai hong dién
k€& trong Si:

i) Khindng do dién k& C; nh6 hon 10'° thi h¢ s6 khuéch noi tai Dgg c¢6 diu duong va

B khuéch tan binh thudng (dong khuéch tan di theo chiéu giam ndng d6);

ii) Khi ndong do dién k& C; 16n hon 10'® thi hé sé khuéch noi tai Dgg c6 dau am va B

khuéch tan 1én dbc (dong khuéch tan di theo chiéu ting ndng do).

Ngoai ra, nong d cua tap chit bo Cy ciing dong vai tro quan trong ddi voi toe do
khuéch tan B trong Si:

i) Khi ndng d6 B thip (Cs < 107 cm™) thi hé sé khuéch tan ndi tai nho, tac 1a B
khuéch tan cham;

ii) Khinong do B cao hon 10'7 cm™ thi hé s6 khuéch tan noi tai ting nhanh va toc do

khuéch tan B ciing tang nhanh. Day chinh 1a hién tuong khuéch tan ting cudng
cua tap chit & ving néng d6 cao da dugc thuc nghiém xac nhan [19, 20].

iii) Hién tuong hé s6 khuéch tan ciia B ¢6 thé c6 dau am trong hé khuéch tan bac ba
(ba thanh phan: B, I va V), c6 nghia 13 khuéch tan ba thanh phan B va sai hong
diém trong Si c6 thé xay ra hién tuong khuéch tan 1én dbc (uphill diffusion). Day
1a mot kiéu khuéch tan ¢ thé cé nhiéu tmg dung thi vi, dang duoc nghién ciru
[21-28].

4. KET LUAN

Dua trén Iy thuyét nhiét dong luc hoc khong thudn nghich, hé sé khuéch tan ndi tai va
hé s6 khuéch tan tuong quan cia tap chit B d6i voi hé khuéch tan ba thanh phan trong Si
da duoc nghién ctru.

Két qua nghién ciru di chi ra:

i) O ving ndéng do tap chat B thap, hé s6 khuéch tan ndi tai cuia B c6 dau duong va B
thyc hién khuech tan thong thuong trong Si;

ii) O ving nong do tap chat B cao, hé s6 khuéch tan noi tai cia B c6 dau am va B
thuc hién khuéch tan 1én déc trong Si;

Két qua vé kha nang khuéch tan 1én déc cua tap chit B d6i v&i hé bac ba trong vat liéu
ban dan Si mé ra mot hudng nghién ciru mai vé “khuéch tan 1én dbc cua tap chat va sai
hong diém trong vat liéu ban dan”. Dong thoi, két qua cling da thém phan khang dinh vé
mot kiéu khuéch tan dic biét, nhung co6 nhiéu ung dung thi vi trong cac linh vuc khoi
phuc tranh ¢4, tuyén khoang va giam 6 nhiém moi truong khong khi va méi truong nude.
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ABSTRACT

INTRINSIC AND MUTUAL DIFFUSIVITY OF BORON IMPURITY IN SILICON

Based on the irreversible thermodynamics theory, the intrinsic and mutual
diffusivity of boron impurity in silicon are described, calculated, and discussed.
Results have shown: i) Intrinsic and mutual difffusivity of boron in silicon depend
on boron and interstitial concentration, ii) When boron concentration is not very
high, intrinsic diffusivity of boron is positive and bron diffuses normal; iii) When
boron concentration is very high, intrinsic diffusivity of boron is negave and bron

diffuses uphill.

Keywords: Mutual diffusivity; B-diffusion in silicon; Intrinsic diffusivity.
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