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Introducao

» Historicamente, necessidade de introduzir
impurezas por difusdo para obter regides do
tipo n (P, As) ou p (B) no silicio.

Gas dopante

227

Dopagem ¢ a exposi¢ao da lamina de Si Si0, Si0,
em uma fonte contendo P, As ou B Sj
(deposigdo) e

Difusdo do dopante
e a sua difusfo em alta temperatura SiO, S0 Si0,
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» Até 1970, uso de deposi¢ao em elevadas
temperaturas em fase gasosa.

— Perfil da deposigao:

GAS OF: - . . i
DOPANT. .~ =~ i MASK
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» A partir de 1970, o processo de dopagem
passou a ser via implantacao i16nica com o
seguinte aspecto:

HIGH-VELOCITY
DOPANT
IONS

MASK

fnc




\¥/ Processo de Difusao

* Altas temperaturas: 600-1200 °C

» Equacgdo de Fick

« Perfil de Difusdo

» Mascaras para a Difusao
dopantes

alta concentragdo baixa concentragdo

\./ Equaqao de Fick a2 T Ink spreads with time
. . o N g
1855 — teoria da difusao
Flux of ink
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= driving force
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(a) (b)
Models of atomic diffusion mechanisms for a two-dimensional lattice, where a is the
lattice constant. (a) Vacancy mecrlanism. (b) Interstitial mechanism.!




Balanco de Massa

{Fica acumulado} = {entrada} — {saida}
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Perfil de difusao para fonte infinita (C(.y=Cs)

Cx, 00 =0 C(@ t)=C, C(co, 1) =0

erf (x)

C(x, t) = C; erfc
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Table 1 Error Function Algebra
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Donors (Elzctron-increasing Dopants)

Acceptors (Hole-increasing Dopants)

P+

Column V

[

lements

B
Ga
In
Al

Column 1
elements

A difusdo ocorre porque ha um
gradiente de concentracao de

dopante!
9
”
Av4 10 x40 C(x,0)=0
Cs =CONSTANT| _ S = CONSTANT
(ERFC) e (GAUSSIAN)
S 05 S 0.5 O.Aum
~ . .
o g 05um C(X,OO)=t
J/Df=1oum
0 0
1 105
J/Di=1.0um
101 104 E /Bt=10pum
Fonte r -g - Fonte
INfinita de 1021 O-5pm S 103 | Finita de
4 - -
dopantes g C e i 0.5um dopantes
P © 103k 102 P
o i C |oamm o
Difusion . o L ' Drive-in
pré-deposicao F L penetracdo
wsl v 1 A
o 1 2 3 a o 1t 2 4

DIFFUSION DEPTH X (um)

(a)

DIFFUSION DEPTH x (um)

(b)

Fig.4 Ditfusion profiles. (a) Normalized complementary error function (erfc) versus dis-
tance for successive diffusion times. (b) Normalized Gaussian function versus distance for

< guccessive times.
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¥/ Distribuicao Gaussiana x erfc
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Defeitos no silicio
Impurity on substitutional site Silicon Atom
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Vacancy or Schottky Defect Frenkel Defect

{
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Intersticial Vacancia

O, Cu, Au, Fe, Ni P, B, As, Al, Ge, In
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Difusdo por posi¢do intersticial

. Sopant

O _siTage

QO . Inesiia

O Boro difunde assim

O dopante ¢ sempre eletricamente ativo
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Difusdo por vacancia
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. ..Dopamt O ...51-Tamget I' ...Vacancy

O Fosforo € o Arsénico difundem assim

O dopante ¢ sempre eletricamente ativo
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Diffusicn cocfficicat, D (cm?,

Diffusion of B in Si:

. - e, . T | D
Difusao no Silicio pr— p————
1200 °C | 10-2cm?/s

Temperaturs (°C) Temperature (°C)

s 1400 1300 1200 1100 1000 - 120011001000 900  BOD 700

1o

1

H

4
1615

T T T T 1 14

T 1T 1T 1T 7T

105 — -~

106

Diffusion coefficient: D (cm?/sec)

107

1014

103 I | 1 1 |

|
06 065 07 D75 08 0.85 06 07 0.8 09 1.0 11
Temperature, 1000/T (K1) Temperature, 1000/T (K-')

16




Solubilidade Solida
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Difusion (Pré-Deposicao Fonte infinita
f ( p ¢ ) de dopantes

aC(x1) DﬁzC(_r,f}

at ax~ [

C(x,00=0 :
IC (k’ ) Si concentration

BCs ((0,1)=Cy Dopant source profiles
’ * (constantly

C(%,1)=0 replenished) \\g
Solution: T
Clx:t) =?rﬁ‘[a/ Qﬁ\ﬁj

—

CS_

complimentary error function Diffusion length
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Fonte finita
de dopantes

Drive-in (Penetragdo)

9C(x.1) P(J"EC(J'_.:)

dt e
Dirac delta
function
Ic  C(x.0)=Q,5(x) =
- |
scs 2C00 o =
A o - Thin surface layer with
g total impurity present
C(,t)=0 of Q, [atoms/cm?]
Solution:

Clx.1) = %J'%DJ
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Donor impurity diffusion coefficient versus electron concentration showing regions
of intrinsic and extrinsic diffusion.
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Difusividade
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Extrinsic diffusivities of arsenic and phosphorus in silicon as a function of dopant
concentration.
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Sobreposicao de dopagem
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Calculated and measured boron and phosphorus n-p-n transistor profile showing
the emitter push effect. Emitter diffusion is at 1000°C, for1hr, followed by a 900°C,
45-min steam oxidation.
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Ox1do como
Mascara
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Minimum thickness of dry-oxygen-grown SiO, required to mask against phos-
phorus and boron as a function of diffusion time with diffusion temperature as a
para meter.

23

Difusao Lateral

DIFFUSION MASK
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Diffusion contours at the edge of an oxide window,
.where r; is the radius of curva lure.
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\V4 Medida de Profundidade de Juncao

Ca LOG C(X)
J__ o
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Junction depth measurement by grooving and staining.
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The spreading resistance profile of an n-p-n transistor structure.
X, = the emitter-base junction
depth = 1.7 um; x, = the collector-base junction depth = 3.2 um.
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Difusion (pré-deposi¢ao)
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