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lon Implantation - Overview

Wafer is target in high energy accelerator

Impurities “shot” into wafer

Preferred method of adding impurities to wafers

— Wide range of impurity species (almost anything)
— Tight dose control (A few % vs. 20-30% for high
temperature pre-deposition processes)

— Low temperature process
Expensive systems

Vacuum system
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During implantation, temperature is ambient.
Post-implant annealing step (> 900°C) is required to anneal out defects.




Advantages of lon Implantation

* Precise control of dose and depth profile
* Low-temperature process (can use photoresist as mask)
+ Wide selection of masking materials
e.g. photoresist, oxide, poly-Si, metal
* Less sensitive to surface cleaning procedures

» Excellent lateral uniformity (< 1% variation across 12” wafer)

Application example: self-aligned MOSFET source/drain regions
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lon Implantation Energy Loss
Mechanisms
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lon Energy Loss Characteristics

Light ions/at higher energy = more electronic stopping

Heavier ions/at lower energy > more nuclear stopping
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Model for blanket implantation

Ny Gaussian Profile
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Projected Range and Straggle

R, and AR, values are given in tables or charts
e.g. see pp. 113 of Jaeger
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Selective Implantation
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Feature Enlargement due to Lateral

Straggle
[

x=Rp———£/.} ——————

concentratiorHigher concentration Implanted species
has lateral distribution,
larger than mask opening
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Selective Implantation — Mask
Thickness

* Desire implanted
impurity level under
the mask should be
much less than
background doping

SiO, Silicon
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Transmission Factor of
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Junction Depth

calculated from the point at
which the implant profile

* The junction depth is

ation, N(x)
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Use of tilt to reduce channeling

c(xt Random component Lucky ions fall into
channel despite tilt
channeled
N component
NN
¢
Random Planar Channeling Axial Channeling

To minimize channeling, we tilt wafer by 7° with

respect to ion beam. [Tl
Cal ; . BSAC]

Prevention of Channeling by Pre-
amorphization
Step 1 —_— Si crystal
High dose Si+ Si*
implantation to covert " —
surface layer into —
amorphous Si 1E15 /cm?2
Amorphous Si
Step 2 * .
Implantation of . ' Si crystal
desired dopant B* — ><
into amorphous
surface layer ><
Disadvantage:
Needs an additional high-dose implantation step ﬁ
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Kinetic Energy of Multiply Charged

lons
With Accelerating Voltage = x kV

. B*
Singly p+ - Kinetic Energy = x - keV

charged

Doubly . oy
charged B+t ‘ Kinetic Energy = 2x - keV

Triply 4+ . . - .
charged B ‘ Kinetic Energy = 3x - keV

Note:

Kinetic energy is expressed in eV. An electronic charge q
experiencing a voltage drop of 1 Volt will gain a kinetic
energy of 1 eV
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Molecular lon Implantation

Kinetic Energy = x keV Molecular ion will
dissociate immediately
\ into atomic components
" B after entering a solid.
BF,* ‘ —> F Al atomic components
4 F  will have same velocity

after dissociation.
accelerating voltage
+ kv g E Velocity vy,=v,=v,
1 2
Solid K.E.of B= EmB Vg
Surface 1
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Implantation Damage
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Post-Implantation Annealing
Summary

- After implantation, we need an annealing

step

* A typical anneal will:
1. Restore Si crystallinity.

2. Place dopants into Si substitutional sites for

electrical activation
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Deviation from Gaussian Theory
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» Curves deviate from Gaussian for deeper implants
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Boron concentration (cm )
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Shallow Implantation
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Rapid Thermal Annealing

High-intensity lamps in light pipes

Fiber-optic
temperature sensors

(a)

process
controller
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* Rapid Heating

+ 950-1050°C

+ >50°C/sec

* Very low dopant
diffusion
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Dose-Energy Application Space
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