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

seguinte aspecto:
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Dose depende do da corrente idnica e tempo de implantag@o

Profundidade depende da energia do ion
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Equipamento de Implantacao Ionica
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+ O Filamento é aquecido. (1)

aquecido.(2)
+ The electrons are
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wall. (3)

they hit neutrals and
ionize them. (4)

Electron from
heated filament

+ Os elétrons sdo expelidos do filamento

attracted to the positive

+ On their way to the wall

Gerando os ions a serem implantados
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\/ Implantacao Ionica
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Schematic diagram of a typical commercial ion implant system.
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Alcance do ion implantado
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Projected range for B, P, and As in Si and Si0, at various energies.'
The resulls pertain to amorphous siticon target and thermal Si0,.

\/ Distribui¢io da Implantagio Ionica - Boro
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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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Some possible ions from BF;
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Si Wafer

Silicon is doped with boron,
phosphorous and arsenic by
ion implantation

lons from the ion beam
damage the lattice.
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Fig. 12 Calculated damage density profiles of (a) boron and (b) arsenic. (Afier Brice, Ref. 30.) The values
of deposited energy Qp, are obtained by multiplying the normalized damage density by E4/R,, (eV/A):

Some values of E4 /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). Y
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&/ Ativacao elétrica dos ions implantados

Intersticial Substitucional

O, Cu, Au, Fe, Ni P, B, As, Al, Ge, In

E,~05-1eV  E,~3-4eV
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N/ Annealing (Tratamento térmico)

Heating Lamp z \ f —

Si Wafer b

= Annealing is a process where the
wafer is heated to repair the s
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
.POZ'D C T T T T T T T T T T T

[ ]
_LE_: io® .
z ]
g
E -
E 08 -
3 TOkeV BORON 1

(10" BORON ATOMS/cm?

o7 R 1 1 1 .
0 0.2 04 06 08 10 1.2

DEPTH (um)
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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N/

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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N/ Parametros de Implantagao
Equipamento: Resultado:
tempo dose
corrente profundidade
energia uniformidade
angulo
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Channeling (Canalizagao)
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Cargas no processo de Implantagao
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N/ 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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\/ Modelo para 1 D

dC(x,1) _ aJ(x,1) 7 _D(7C(.\‘,r)
or ax T ax
G, =R, =0
2 : : 2 1C(x,t 92C(x, 1
Fick’s diffusion equation. - i} ) p Rl
1 ox~
— Ea

diffusion coefficients D = D, exp

kT

Necessita de 1 condicdo inicial e 2 condig¢des de contorno
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N/ Medida de Profundidade de Jung¢éo
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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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