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Ι. 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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ΙΙ. Equipment

1. Excimer Lasers;
2. Optics;
3. Deposition Systems;
4. Safety and Facilities;

𝜤𝜤𝜤. PLD Three-Step Process (𝝉~𝒏𝒔 && 𝑰𝟎 ≤ 𝟏𝟎𝟖𝑾/𝒄𝒎𝟐)
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



Outline

2. Transport of the Vapor Plume

3. Film Growth on a substrate

𝜤𝑽. PLD Three-Step Process (𝝉 < 𝒑𝒔 && 𝑰𝟎 > 𝟏𝟎𝟖𝑾/𝒄𝒎𝟐)

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

Chamber, target manipulation, substrate holder, 
heater holder, pump, gas flow and vacuum 
gauging

First process:
set up target and substrate, use heater
system to heat them and monitor their
temperature; laser pulses are focused
by lens and hit on target and interact
with with targets and produce plasma
plume.
Second process:
Plume expands isothermally and

adiabatically along the normal of target
surface and arrives at substrate.
Third process:

Particles inside plasma deposit
around nucleation centers (surface
defects like atomic steps, point defects
and dislocation intersections) and a lot
of isolated clusters form, grow up
gradually and combine into the whole
film together



Laser-Target Interaction

A B C D

A: Solid Zone
B: Melted Zone
C+D: Plasma Zone

C: Corona Zone
D: Transparent Zone

Thermal Response 𝝉~𝒏𝒔 && 𝑰𝟎 ≤ 𝟏𝟎𝟖𝑾/𝒄𝒎𝟐



Laser-Target Interaction

• Thermal Response
𝝉~𝒏𝒔 && 𝑰𝟎 ≤ 𝟏𝟎𝟖𝑾/𝒄𝒎𝟐

𝑥
𝑂

Spot size

Laser Spot Size ~𝒎𝒎𝟐

Melted Depth d ~ 𝝁𝒎 ≪𝒎𝒎

3-d thermal conduction Problem

1-d thermal conduction Problem

Infinite plane

𝑆 𝑡



Laser-Target Interaction

A. Target dynamic absorption rate

𝑡 − 𝑡 + 𝑑𝑡, 𝑥 = 0, 𝐿𝑎𝑠𝑒𝑟 𝑙𝑜𝑠𝑒𝑠 ∆𝐸 = 𝐼(0, 𝑡)𝛽𝑑𝑡;
𝑡𝑎𝑟𝑔𝑒𝑡 𝑔𝑒𝑡 ∆𝐸′ = 𝜌𝛿 𝑡 𝑐𝑑𝑇(0, 𝑡)

∆𝐸 = ∆𝐸′ ⟹ 𝛽 =
𝜌𝛿 𝑡 𝑐

𝐼(0,𝑡)

𝜕𝑇(0,𝑡)

𝜕𝑡

𝜷 = 𝑨𝟎 + 𝑨𝟏 𝑪𝒕 + 𝑪𝟐𝒕𝟐 +𝑫𝒕

𝛿 𝑡 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑇(0, 𝑡)
𝜕𝑇(0,𝑡)

𝜕𝑡
𝑑𝑒𝑝𝑒𝑛𝑠 𝑜𝑛 𝑇 0, 𝑡 𝑎𝑛𝑑 𝐼(0, 𝑡)



Laser-Target Interaction

• Vaporization term

Superheating: a liquid is heated 
to a temperature higher than 
its boiling point without boiling

𝐸𝑛𝑒𝑟𝑔𝑦 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑣𝑎𝑝𝑜𝑟 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎:

𝑐𝑙𝜌𝑙𝑢(𝑡)
𝜕𝑇𝑙 𝑥, 𝑡

𝜕𝑥

𝑢 𝑡 =
𝑝

𝜌𝑙(2𝜋𝑘𝐵 𝑇/𝑚)
0.5

𝐶𝑠



Thermal Response

Thermal Conduction Problem

1） Before Melting 0 < 𝑡 < 𝜏𝑚 𝑞𝑠 = −𝑘𝑠
𝜕𝑇𝑠 𝑥,𝑡

𝜕𝑥

𝑐𝑠𝜌𝑠
𝜕𝑇𝑠(𝑥,𝑡)

𝜕𝑡
=

𝜕

𝜕𝑥
𝑘𝑠

𝜕𝑇𝑠 𝑥,𝑡

𝜕𝑥
+ β 𝑡 𝑏𝐼 𝑥, 𝑡

𝐼 𝑥, 𝑡 = 𝐼0𝑒
−𝑏𝑥𝑒

−
(𝑡−𝜏)2

2𝜎2

β 𝑡 = 𝐴0 + 𝐴1(𝐶𝑡 + 𝐶2𝑡2 +𝐷𝑡) Laser Absorption Rate

ȁ𝑇𝑠 𝑡=0 = 𝑇0

− ቚ𝑘𝑠
𝜕𝑇𝑠 𝑥,𝑡

𝜕𝑥 𝑥=0
= β 𝑡 𝐼0𝑒

−
(𝑡−𝜏)2

2𝜎2

− ቚ𝑘𝑠
𝜕𝑇𝑠 𝑥,𝑡

𝜕𝑥 𝑥=𝛿
= 0



Thermal Response

Si

τ~3ns E𝟎 = 𝟖. 𝟓 J/𝒄𝒎𝟐， 𝑇0=300K1） Before Melting



Thermal Response

• Thermal Conduction Problem

2) After Melting(𝜏𝑚 < 𝑡)

𝑐𝑠𝜌𝑠
𝜕𝑇𝑠(𝑥,𝑡)

𝜕𝑡
=

𝜕

𝜕𝑥
𝑘𝑠

𝜕𝑇𝑠 𝑥,𝑡

𝜕𝑥

− ቚ𝑘𝑠
𝜕𝑇𝑠 𝑥,𝑡

𝜕𝑥 𝑥=𝐷
= 0

𝑐𝑙𝜌𝑙
𝜕𝑇𝑙(𝑥,𝑡)

𝜕𝑡
− 𝑐𝑙𝜌𝑙𝑢(𝑡)

𝜕𝑇𝑙 𝑥,𝑡

𝜕𝑥
=

𝜕

𝜕𝑥
𝑘𝑠

𝜕𝑇𝑙 𝑥,𝑡

𝜕𝑥
+𝐻(𝜏 − 𝑡)β 𝑡 𝑏𝐼 𝑥, 𝑡 𝐞−(𝛔𝐏𝐈+𝛔𝐈𝐁)𝐧𝐱𝐇

ȁ𝑇𝑙 𝑡=𝜏𝑚 = 𝑇𝑚melting temperature

− ቚ𝑘𝑙
𝜕𝑇𝑙 𝑥,𝑡

𝜕𝑥 𝑥=0
= −𝐿𝑣𝜌𝑙𝑢 𝑡 + 𝐻(𝜏 − 𝑡)β 𝑡 𝐼0𝑒

−
(𝑡−𝜏)2

2𝜎2 𝒆−(𝝈𝑷𝑰+𝝈𝑰𝑩)𝒏𝒙𝑯

− ቚ𝑘𝑠
𝜕𝑇𝑙 𝑥,𝑡

𝜕𝑥 𝑥=𝑆 𝑡
+ ቚ𝑘𝑙

𝜕𝑇𝑙 𝑥,𝑡

𝜕𝑥 𝑥=𝑆(𝑡)
= 𝐿𝑚𝜌𝑠

𝜕𝑆(𝑡)

𝜕𝑡

ȁ𝑇𝑠 𝑥=𝑆 𝑡 = ȁ𝑇𝑙 𝑥=𝑆 𝑡 = 𝑇𝑚



Thermal Response
4 J/𝒄𝒎𝟐c Fe



Thermal Response


