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\/ Introducdo

» 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 or SRR

DOPANT . . " . © .14
ATOMS -

ASK

fnc

=

A\

» A partir de 1970, o processo de dopagem
passou a ser via implantacao i16nica com o
seguinte aspecto:

HIGH-VELOCITY
DOPANT
IONS

MASK

fnc
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Processo de Difusao
Altas temperaturas: 600-1200 °C
Equacgao de Fick
Perfil de Difusao
» Mascaras para a Difusao

dopantes
] &
L J .’
4 ! | o
alta concentragio baixa concentragdo
-/ ~ . Ink drop #
\/ Equagao de Flck \. Ink spreads with time
. . - ‘P T
1855 — teoria da difusao
Flux of ink
g P D dC(x,1)
=~ ; driving force
Proportionality constant dx T
(Diffusion coefficient)
HOST HOST
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Models of atomic diffusion mechanisms for a two-dimensional lattice, where a is the
lattice constant. (a) Vacancy mechanism. (b) Interstitial mechanism.!
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{Fica acumulado} = {entrada} — {saida}

Balanco de Massa
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Modelo para 1 D

IC(x,0 3D p_ Dc?C(.\‘,r)
o ax T ax

G, =R, =0

dC(x.1) 92C(x.1)

Fick’s diffusion equation. p D——5
1 ax”
o . _E,
diffusion coefficients p = p, exp T

Necessita de 1 condicdo inicial e 2 condig¢des de contorno
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Perfil de difusao

C(x, ) =0 C(0, t)=C, C(co, 1) =0

2 L R
ef(x) = —— e Vd
Cx, 1) = C, erfc | —X_ Vo fs =~
2V Dt erfc (x) = 1—erf(x)
eff () = 0
erf (o) = 1
erf (x) = i x forx << |
Va
Table 1 Error Function Algebra 1 -4
erfc (x) =~ —T - forx >> 1
™
d = 2 -4
£ erf (x) = = e
& 4 —i?
= erf (x) = - 7; xe |
x 2
fc (Y)dy = erfe(x) + — (I—e™*
fﬁerC())_} x erfe(x) \/;(

J-: erfc (x)dx = ——
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Fig.4 Diffusion 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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N Distribui¢do Gaussiana x erfc

10
\‘ ‘saussmu
S \‘
.
erfc \.
\".
0
1w
£ e
= |
i \\ Al
o N , BAUSSIAN
F DR
erfc \
1072 ™
wi | N \
$ t \
(5] | -
AN

=3
i = N\
.
| GAUSSIAN: 5= CONSTANT \

1074
r erfg: Cg=CONSTANT
10-5 1 A I AL l ' I L L - A A
1 z 3
x/ 20T

Normalized concentration versus normalized distance for the erfc and

the Gaussian function.
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\/ Donors (Electron-increasing Dopants) Acceptors (Hole-increasing Dopants)
P+ Be—
: Column ¥ Ga Column 11
a elements In elements
Sk Al

Line represents a shared
valence clectron

Circle represents the core
of a semiconductor (e.g. Si)
atom




Intersticial

O, Cu, Au, Fe, Ni

E,~05-1eV

Vacancia

P, B, As, Al, Ge, In
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Solubilidade

C(x,t) = Cgerfe| x/ 28 Dt ||
i .

—

complimentary error function
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Si concentration
BCs ((0,1)=Cy Dopant source profiles
x (constantly
C(o,)=0 replenished) fime
Solution: T

" Diffusion length

PSI 5761 - Introdug@o aos processos de fabricagdo em microeletronica




Penetracao
aC(x,1) PaEC(.\-,r)
a
Dirac delta
function
entration
Ic  C(x,0)=0Q,6(x) B
. : i
3C(0, 1) ey
BCs — 2= _ CE— ——
x Thin surface layer with
f fotal impurity present
C(%,t)=0 of Q, [atoms/cm?]
Solution:

Cluut) = —22 J"‘%DJ

Jm{)r
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Donor impurity diffusion coefficient versus electron concentration showing regions
of intrinsic and extrinsic diffusion.
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Extrinsic diffusivities of arsenic and phosphorus in silicon as a function of dopant

concentration.

\V4 Medida de Profundidade de Juncao

¥ Cg LOG C(X)
Xj n* °
Xj =
bl-r* _
q =
P
4

(a) (b

Junction depth measurement by grooving and staining.
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The spreading resistance profile of an n-p-n transistor structure.
X g = the emitter-base junction
depth = 1.7 um; x 4 = the collector-base junction depth = 3.2 pm.
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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, for1 hr, followed by a 900° C.
45-min steam oxidation.
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ThrT
10 T e

Oxido como
Mascara ~

1071

OXIDE MASK THICKNESS d (mm)

1072 |

10°3 1 L [ | 1 VN
10 102 103
t (min}

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.

PSI 5761 - Introdug@o aos processos de fabricagdo em microeletronica

Difusao Lateral

DIFFUSION MASK
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y/2./Df
Ditfusion contours at the edge of an oxide window,
where r, is the radius of curva lure.
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N/ Problema a ser resolvido:

A cada evolucao de uma tecnologia ...

As dimensodes superficiais ficam menores e

1 10°%
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\/ Implantacao Ionica

Eletirodi
di
Magnete | scansione
di
selezione : = =
000000000
0000000 -
AN
e B B L BRI R ]
Linea
di
accelerazione
Sorgente
ionica | —_

Bersaglio

Dose depende do da corrente idnica e tempo de implantacao
Profundidade depende da energia do ion
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K Equipamento de Implantacao I6nica

Gas source

1) len Source

2) Extractor

3) Analyzer

4) Acceleration Column

5) Resolving Unit
Outside view

lon Beam * B) Process Chamber

Load Lock -1
User Interface

(Computer) @ I:IJE;: A
B8998 [Te=m

&

PSI 5761 - Introdugdo aos processos de fabricagdo em microeletronica

(9]

Operator
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O Implantador I6nico

- The filament is heated. (1) L L Repelier Prate
- Electrons are "boiled” off the heated E“{a; Slotfor
filament. (23 extracting 1ons
» The electrons are
/ attracted to the positive (3) N
== wall. (3) S
= On their way to the wall (2) —:|:—;'L— i
they hit neutrals and ' | (1 Filament
I ionize them. (4) (4)

”
* 0

MNeutral atom Positive ion
(B) (B*)

Electron from
heated filameant
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Implantagdo Ionica
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SOURCE

Schematic diagram of a typical commercial ion implant system.
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Some possible ions from BF;
are shown here.

® © -
Electron from dD BF* HipanL R
filament
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Q® =
Beam of ions _
\ 4 .
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Si Wafer = - "
» Silicon is doped with boron, ° 5 -
phosphorous and arsenic by 4
ion implantation
* lons from the ion beam
damage the lattice.
\./ z Rp IN Si /fﬁ’
————RpIN §i0z 2111
" P
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Projected range for B, P, and As in Si and SiO, at various energies.’

The results pertain to amorphous siticon target and thermal Si0,
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AMORPHOUS

INCIDENT REGIONS
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POINT DEFECTS
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n(x) = n(R,) exp

\/ Distribui¢do da Implantacdo Idnica - Boro

1021
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BORON IN SILICON + MEASURED ]
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Fig. § Boron implanted atom distributions, with measured data points, and four-moment (Pearson-1V) and
symmetric Gaussian curves. The boron was implanted into amorphous silicon without annealing. (After

Hofker, Ref. 21.)
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N/ Danos na Estrutura Cristalina

281 1000keV g" 7 :
g

g
>

g
=)

NORMALIZED DAMAGE DENSITY (Qp R

04

Fig. 12 Calculated damage density profiles of (a) boron and (b) arsenic. (After Brice, Ref. 30.) The values *
of deposited energy Qp are obtained by multiplying the normalized damage density by E4/R, (eV/ R):

Some values of E; /R, for B are 12.9 (10 keV) and 6.1 (100 keV); for As they are 91.4 (10 keV) and 9.3
(100 keV). :

N/ Annealing

Heating Lamp [ 7 f ‘

Si Wafer b

= Annealing is a process where the ik L
wafer is heated to repair the
damage to the lattice .

* The dopant ions become part of
the crystal lattice (Activation) >

* The ions also spread out during
anneal (Diffusion)
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Annealing
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Boron atom concentrations as a function of annealing at various temperatures.
The anneal time is 35 minutes. (After Hofker, Ref. 21.)
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Protecdao contra a Implantacao I6nica
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Minimum thickness of Si0, and Si;N, for a masking effectiveness of 99.99%."
Insert shows ion penetration beyond a depth @.
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\l/ Usos %U: 510,

n-Si (al
- Ajuste  na tensdo
limiar Vth de um
transistor MOS
- Dopagem nos contatos _i l $i0;
de Gate de um p {}
MOSFET n-5i
) Predenasition using ian implantation. (b} After drive-in ditfusion.

ACCELERATED BOROM I10ONS POLYSILICON

e e

p

(bl

Thresheld voltage adjustment using beron ion implantation.™
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Parametros de Implantacao

Equipamento: Resultado:
Tempo Dose
Corrente




N/ “Channeling”
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Comparagado

Difusao

Alta Temperatura,
Maéscara densa (Si02)

Perfil de dopagem ISOtropico

NAO consegue controlar
INDEPENDENTEMENTE

a concentragado € a
profundidade da jungao

regiao dopada

Sio l Si0,

Implantagao Ionica

Baixa Temperatura,
Mascara de Fotoresiste (FR)

Perfil de dopagem ANISOtropico

CONSEGUE controlar
INDEPENDENTEMENTE

a concentragdo € a
profundidade da juncéo

regido dopada

I<-|

Profundidade
de Jungao

Contaminantes

Podem vir de:

» Metalicos — impactos nas paredes....

— Fe, Cr, Ni.

® residuos — varias espécies de dopantes (P, As, B...)

* Na, Ca, Mg,

* Oleo da Bomba difusora, carbono, oxigénio,nitrogénio...
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Tema p Artigo - Difusdo e Implantagdo [onica

Problemas nos perfis de dopagem (p ou n)
- técnicas de deteccao
- novos modelos matematicos
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