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Objectives



Topics of Discussion

e What Is plasma?
* Why use plasma?

- 3+ &% (Ion bombardment)
» Application of plasma process



Applications of Plasma
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Components of Plasma

Z (Ionization rate):
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lonization Rate
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Idea gas
— 1 mole = 22.4 Litter = 2.24x10% cm?
— 1 mole = 6.62 x1023 molecules

At 1 atm, gas density is 2.96x101% cm—3
At 1 Torr, gas density is 3.89x10' cm=3
At 1 mTorr, gas density is 3.89x1013 cm~3

RF(&+42 )plasma has very low ionization
rate



Parallel Plate Plasma System
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Generation of a Plasma
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I[Hlustration of lonization
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Excitation Collision
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Relaxation

h: Planck Constant

v. Frequency of Light
hv

Excited State
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Ground State
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Dissoclation
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Dissoclation
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Plasma Etch
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Plasma Enhanced CVD
« PECVD® i * & % (SiHA){r§ ikt 4
NO, (% % laughing gas)
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Table 7.1 Silane Dissoclation

ol

e + S|H4

Byproducts

SiIH, + Hy + e
SiH; +H + ¢
Si+2H,+¢
SIH+H,+H+e
SiH, +2H +¢
Si"+2H,+¢€
SiH," +Hy +2 ¢
SiH;" +H+2¢e
Si"+2H,+2¢

SIH +H,+H+2¢

Energy of Formation

2.2 eV

4.0eV

4.2 eV

5.7eV

8.9 eV

9.5eV
11.9eV

12.32 eV

13.6 eV

15.3 eV 20



Mean Free Path (MFP)
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MFP Illustration
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Mean Free Path (MFP)
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Viovement of Charged Particle
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Viovement of Charged Particle
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hermal Velocity
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v~ 5.93x107 cm/sec = 1.33x10” mph
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Magnetic Force and Gyro-motion
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Gyro-motion
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Gyrofrequency
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Boltzmann Distribution
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lon Bombardment
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lon Bombardment
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\Volt

Plasma Potential
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DC Bias RF potential

Time
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DC biases and RF powers

Plasma potential

A
A Plasma potential
FZANN .v‘::'*:\ FAAN . DC bias :
[N NN e bias , time
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e Lower RF power * Higher RF power
e Smaller DC bias o Larger DC bias
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lon Bombardment
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DC Bias of CVVD Chamber Plasma
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Plasma potential
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lon Bombardment and Electrode Size
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Advantages of Using Plasma
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Benefits of Using Plasma For
CVD Process
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Comparison of PECVD and LPCVD

Processes

LPCVD (150 mm)

PECVD (150 mm)

Chemical reaction

SiIHs+ O, — SIO, + ...

SiHs+ N,O — SIO, + ...

Process parameters

p=3Torr, T=400 °C

p=3 Torr, T=400 °C and
RF=180 W

Deposition rate

100 to 200 A/min

> 8000 A/min

Process systems

Batch system

Single-wafer system

Wafer to wafer uniformity

Difficult to control

Easier to control

45




Benefits of Using Plasma For
Etch Process
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Benefits of Using Plasma For
PVD Process
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PECVD and Plasma Etch Chambers
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PECVD Chambers
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Plasma Etch Chambers

Fl F (5+4E 44 7 #& ): 200 to 1000 eV
(¥ F4&):10t0 20 eV.
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Plasma Etch Chambers
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Plasma Etch Chambers
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Schematic of an Etch Chamber
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Photoresist Strip

Wlth 2 WA e

. «le’}* O, 2 H,0
VOB Ak L &
R %] e 244
AR e

95



Photoresist Strip Process

Microwave Remote plasma

4 __— chamber

H,0,0, = (Elsmap — 7

Process chamber %
H

Wafer with __| O
photoresist

| \
H,0, CO,, ... Heated plate
To the pump
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Remote Plasma Etch
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Remote Plasma Etch System

Microwave
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Remote Plasma Clean
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Remote Plasma Clean
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Remote Plasma Clean System

Microwave Remote plasma

‘ / chamber
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Remote Plasma CVD (RPCVD)
« o B 43T % i BICMOS
c M RF Y BERE
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High-density Plasma
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|ICP and ECR
c4ICT X H i
+ B 48 £ 4 T % (Inductively coupled
plasma, ICP )

- & MR EMRE T RR(transformer coupled
plasma, TCP)

- %+ 1 %z % 4= (Electron cyclotron resonance,
ECR)
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Inductively Coupled Plasma (ICP)
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Inductively Coupled Plasma (ICP)
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[llustration of Inductive Coupling
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Induced electric field

RF magnetic field
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[CP 553 3T DR Ms WME4 (high
density low pressure, HDLP) z 4 %]
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Schematic of ICP Chamber

Inductive coils  ceramic cover

Source RF
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Application of ICP
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ECR
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ECR
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Electron trajectory
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Microwave
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Application of ECR
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Summary

Plasma Is 1onized gas with n_=n,
Plasma consist of n, e, and |
lonization, excitation-relaxation, dissociation

lon bombardment help increase etch rate and
achieve anisotropic etch

Light emission can be used for etch end point
MFP and its relationship with pressure
lons from plasma always bombard electrodes
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Summary

Increasing RF power increases both ion flux
and 1on energy In capacitive coupled plasmas

Low frequency RF power gives ions more
energy, causes heavier ion bombardment

The etch processes need much more ion
IhAarmThAardrmoant thanm +tha DE\ /7D

DUILLIDdAIULTICTIL Utidll UIE FCECOU VvV D

Low pressure, high density plasma are desired

ICP and ECR are two HDP systems used in IC
fabrication
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