Ciéncia e Tecnologia de

Filmes Finos

Motivagao ¥ Quais as

Filmes Finos e . aplicacles de

Aplicacoes filmes finos?
Transistor Si/bulk

Transistor

J. Bardeen .
(1951 / Nobel:1956) Czochralski




1° Circuito Integrado — Jack Kilby / 1958 (Nobel: 2000).

Contém um Unico transistor e componentes de suporte em uma lamina de
Ge (1.6 x 11.1 mm).

Transistor de Filme Fino
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EPROM. and /O in the same chip.

Wikipeda: The from an Intel 8742, a 8-bit GPU running at 12 MHz, 128 bytes of RAM, 2048 byte of

CPU Transistor Counts 1971-2008 & Moore's Law
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Fig. 1. (A) Saanning elec A
tron micrograph of a de-
vice with the same gate
structure as the one used
in this experiment. Metallic
TiAu gates are deposited
on top of a Gals hetero
structure that hosts a two-

Not shown is a coplanar
ipline on top of the
metallic gates, separated ¢
by a dielectric [not used
in this experiment; see also
(). In addition to a de
voltage, we can apply fast
pulses and microwaves to
the right side gate (as ind

@

Posilion

v (mV)

cated) through a homemade
bias-tee. The orientation of

the in-plane external magnetic field is as shown. (B) The electric field generated upon e

ime 2ps

tation of the

ate displaces the center of the electron wave function along the electric field direction and changes
the potential depth. Here, A is the orbital energy splitting, s = Ji/m* & the size of the dot, m" the
effective electron mass, # the reduced Planck constant, and E() the electric field. (C) Schematic of the
spin manipulation and detection scheme, controlled by a combination of a voltage pulse and burst, VI8,
applied 10 the right side gate. The diagrams show the double dot, with the thick black lines indicating
the energy cost for adding an extra electron to the left or right dot, starting from (0,), where (nm)

ight dot. The energy cost for reaching

Coherenl_l:ﬁ'nlrol of a Single Electron Spin with (02}, the energy cost for forming 2
I 2),

Electric Fie|

K. C. Nowack, et al,

Science 318, 1430 (2007)
DOI: 10.1126/science. 1148082

ming a triplet state (not shown). This
ed further in the main text.

Eletrdnica Processamento T

Outras aplicacdes |

Example Application: PDA




Aplicacao: Crescimento de

Multicamadas

* Aplicagdes épticas

Aplicacoes

Filmes para recobrimento
de vidros arquiteturais

Refletora Anti - Refletora




Ultra-Low-Cost Solar Electricity Cells

Células fotovoltaicas

State-of-the-Art CIGS: CUInxGal,XSCZ Nanosolar
CIGS-on-Glass CIGS-on-Al

~—— ~_J

NORMALIZED LOG SCALE TRANSMITTANCE CURVES
i AIF,

, BANDPASS INTERFERENCE FILTERS
FWHM (full width at haf-maximom), as functio

& nanosolar Thin Films: High-Vacuum / Non-Vacuum
Flgllrl 4 Coﬂwnsnn of State-of-the-Art CIGS versus Nanosolar's CIGS-on-Aluminum. Thickness numbers lnmﬂ
deposilions using a high-vacuum deposilion lechnique. The stale-of-the-art stack requires close o 3000n
nl hmvanuum processing whereas Nanosolar's  stack requires less than a lenth of lhal
- Sensores Infravermelho
|
] o 334°C
.
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Arranjo matricial de fotodetectores de
pocos quanticos (QWIP)

Light Coupling
Gralings/Au Metal
Contacts

4 bandas (cada uma com varias camadas)
cada banda representa uma area de 640x128 pixels

Laser Semicondutor de Cavidade Vertical

Figure 1a: Sheffieid Lase
Courtesy: Sheffield

Exemplo : estrutura montada usando
fotolitografia e etching seletivo

0.6 pm Aly 3G N/GaN SLS: Mg

0.15 um GaN;
20nm Al 1yGay 7 N:Mg
14 period 2.5nm InGaN/7.Snm GaN MQW

0.15 um GaN : Si
0.6 um Al 1y Gag oNAGaN SLS: Si

n-electrode
highly doped-G

slightly doped
JaN
undoped Gal GaN buffer
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SEM micrograph of optical microassembly. (Cour
ratories)
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Figure 14-1. Schematic of the lith

film. Both positive and negative resi avior is illustrated

Exemplo : estrutura montada usando
fotolitografia e etching seletivo
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Figure 14-2. SEM micrograph of reactive plasma-ctched pattern in photoresist re:
vealing development of submicron features. (Courtesy of L. F. Thompson, AT&T Bell

Laboratories). 26

Exemplo: Escrita e leitura magnética
longitudinal e transversal
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www.research.ibm.com/research/demos/gmr




Exemplo: producéao de fita magnética usando
deposicao de filme

Figure 14-10. &

Aplicagdo: Processo de escrita e leitura magneto dptica usando

filme com propriedades adequadas (ex- HD)

WRITING

READING

29 30
Aplicagdo: Esquema de um analisador 6ptico integrado que usa
propriedades piezo-elétricas de filme de LiNbO:Ti
’ . Por que depositar
filmes finos?
31 32




» Economia: menor quantidade de
material

*Praticidade: menor tamanho
*Qualidade: menor densidade de
defeitos ou impurezas (que o
substrato)
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*Obtengéo de novas propriedades:
* Engenharia de bandgap
(Ex. Hetero-estruturas/lasers)
* Niveis de energia
ajustaveis/confinamento (ex: HEMT).
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Propriedades nao
acessiveis ou dificilmente
acessiveis para substratos
descobertos
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property category Typical applications
Optical Reflective/antireflective coatings
Interference fil
Decoration (color, luster)
Memory discs (CDs)
‘Waveguides
Electrical Insulation
Conduction
Semiconductor devices
Piezoelectric drivers
Chemical Barriers to diffusion or alloying
Protection against oxidation or corrosion
‘Gas/liquid sensors
Tribological (
Hardness
Adhesion
Mi :
Thermal Barrier layers
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reactivity of source material
energy input

Structure and composition

structure
Amalysie compasition
proparties

Process modification




