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Outline

I. The History of Pulsed Laser Deposition: A Chronological Overview
1. 1960~1969;
2.1970~1979;
3.1980~1987;
4. 1987~1994;
5.1994~
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II. Equipment
1. Excimer Lasers;
2. Optics;
3. Deposition Systems;
4. Safety and Facilities;
II1. PLD Three-Step Process (t~ns && Iy < 103W /cm?)
0. A Sketchy Description of PLD.
1. Laser-Target Interaction
1) Thermal Response
2) Laser-induced Periodic Surface Structures
3) Cone Formation
4) Effects on Film Deposition
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2. Transport of the Vapor Plume
3. Film Growth on a substrate
IV. PLD Three-Step Process (t < ps && I, > 103W /cm?)
1. Laser-Target Interaction
2. Transport of the Vapor Plume
3. Film Growth on a substrate
V. PLD Applications in Film Growth



PLD Three-Step Process: Sketchy Description

First process:
set up target and substrate, use heater
system to heat them and monitor their

Focussing Target Port temperature; laser pulses are focused

e vl JLaser \ by lens and hit on target and interact

X \ 0 with with targets and produce plasma
s, N ] 4 \ plume.
Z“M::“”::] I ecedate 7 & N Second process:

‘ / T~ Vacum Plume expands isothermally and
Laser Laser Port s adiabatically along the normal of target
feam Beam Focal surface and arrives at substrate.
: Plane (Targe) :

R , Third process:

. Substrate Plane i Particles inside plasma deposit
around nucleation centers (surface
defects like atomic steps, point defects

_ . and dislocation intersections) and a lot
Chamber, target manipulation, substrate holder, of isolated clusters form, grow up
heater holder, pump, gas flow and vacuum gradually and combine into the whole

gauging film together



Laser-Target Interaction

Thermal Response T~ns && Iy < 108W /cm?

A: Solid Zone
B: Melted Zone
C+D: Plasma Zone
C: Corona Zone
D: Transparent Zone
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Laser-Target Interaction

* Thermal Response

T~ns && Iy < 103W /cm?

2

Laser Spot Size ~ mm Infinite plane

Melted Depthd ~ um <K mm

3-d thermal conduction Problem

!

1-d thermal conduction Problem



Laser-Target Interaction

A. Target dynamic absorption rate

t—t+dt, x =0, Laser loses AE = I1(0, t)fdt;
target get AE' = p6(t)cdT(0,t)
— / __ pé(t)caT(0,t)
AE =AE = [ = 0D ot
B = Ay + A, (Ct +/C2t% + Dt)
5(t) depends on T(0,t)

aTg:t) depens on T(0, t)and 1(0,t)




Laser-Target Interaction

* Vaporization term

Laser Beam VACUUM Superheating: a liquid is heated
to a temperature higher than
Heated Substrate its boiling point without boiling

SEEF=—— pim

Plasma

Energy absorbed by vapor per unit area:
lons, oT;(x,t)

neutrals

Droplets
molecules Clplu(t) ax

(particulates)

Target

p
u(t) = C
© p1(2mky T/m)0S >




Thermal Response

Thermal Conduction Problem

1) Before Melting (0 <t < T1,,)

OTs(xt) O dTs(x,t)

CsPs™ar T ax (kS Ox ) + B(O)DI(x, 1)
_(t-7)

I(x,t) = Ije P*e ™ 202

B(t) = Ay + A, (Ct + VC2t% + Dt) Laser Absorption Rate

OTs(x,t) _@o®
— ks = B(t) lpe 20
g, OTs(xt _
kS 0x ly=§ =0




Thermal Response

1) Before Melting t~3ns Eo=8.5]/cm%, T,=300K

Si

we v

" J/(wen K A J/(8 € K ; l")
‘ 'l/l /( ceme )’ /)l/(g/‘ n
/I /( - )l 2.3

1.85
A /(1/8)

{91280 0.72 p




Thermal Response

* Thermal Conduction Problem
2) After Melting(t,, < t)

0Ts(x,t) 0 0Ts(x,t)
CSpSaT 2, ~ ox (kS 9% )
—_ kS s\X, — O
6 =
oT(x.t) vox=D aT(xt) _ 0 aT1(x,t) —(oprt+oig)nxH
=~ c;pyu(t) P a(ks ™ ) + H(t — t)B(t)bI(x,t)e X

Til¢=r,, = Tmmelting temperature -

. kl aTla(;:;t) B — _valu(t) + H(T _ t)B(t) Ioe_ 202 e—(O'pI-I-O'IB)an
oT;(x,t)] dT(x,t) dS(t)
I L, 20
> 0x ly=s(p) Loox x=S(t) mPs "ot

Tslx=st) = Tilx=st) = T



F Thermal Response
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Thermal Response
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| OW-FLUENCE IRRADIATION: LASER-INDUGER o

Figure 4.1. Schematic of the bas
is absorbed, melting and vapor
srrows indicate motion of the soli
wolid, accompanied by vaporization.
resolidified material). (d) Solidi i
topography. The next laser pt
material. i
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