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Jung¢ao metal - semicondutor




Nobel 1956 — (William Bradford Shockley, John

Bardeen, Walter Houser Brattain)
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Fig. 6.8 Illustration of the concept of work function in the energy diagrams for two cases: a [solated
metal. b Isolated semiconductor




Juncgao Metal-Semicondutor
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Fig. 6.9 Energy diagrams of metal-semiconductor junctions in equilibrium. a Type
n semiconductor with ¢ < ¢,,. b Type p semiconductor with ¢ > ¢,




Dispositivos: diodo tunel e transistor
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Diodo tunel (Premio Nobel de Fisica — 1973 — Esaki)
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Diodo tunel
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V = V< V>0
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Fig. 6.21 Energy diagrams of a p—n junction in a tunnel diode. a V = 0, junction in equilibrium.
b V <0, tunneling current in the reverse direction. ¢ V > 0, tunneling current in the forward direction




Transistor — Nobel 1956 — (William Bradford Shockley,
John Bardeen, Walter Houser Brattain)
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Fig. 7.2 Planar structure of the bipolar junction transistor with some typical dimensions in discrete
devices. The letters E, B, and C represent the terminals of the emitter, base, and collector, respectively
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Fig. 7.8 a Circuit symbols of n-p-n and p-n-p transistors. b View of an encapsulated low power
transistor
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Fig. 7.9 a Simple amplifier circuit with a n-p-n transistor in the common-emitter configuration.
b Graphic illustration of the method for determining the operating point P




Fig. 7.3 Schematic
representation of a

p-n-p transistor with a simple
common base polarization
circuit
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Fig. 7.4 Illustration of the flow of electrons and holes in a p-n-p transistor: 1-Holes in drift motion
in the emitter; 2-Holes that reach the collector by diffusion; 3-Holes that disappear in the base
due to recombination; 4 and 5-Holes and electrons thermally generated and that form the reverse
saturation current of the collector junction; 6-Electrons that recombine with holes in component 3;
7-Electrons injected from the base into the emitter forming the current /g,
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Fig. 7.7 [-V characteristic curves of a p-n-p transistor: a curves with /g as a parameter used in the
common-base configuration; b curves with /g as a parameter for common-emitter configuration
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Fig. 7.1 Input and output signals in an amplification device, such as a transistor
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Transistor - funcionamento
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The Metal Oxide Field Effect Transistor (MOSFET)

ideia geral: controlar a condutividade de um semicondutor por uma tensao
corrente da fonte para o dreno, controlada pela tensao na porta.

source drain

D substrate




O transistor de efeito de campo: principio de operacao

a tensao positiva repele os buracos source
da maioria e atrai a minoria
elétrons

uma camada de inversao é formada
gue conduz.

camada de inversao: alta densidaqg >
eletrbnica: assimetrico porque a gate threshold
superposicao do campo E aplicado
e do campo E intrinseco das
juncoes

Acima da tensao limite: funciona
como um interruptor O

p substrate

inversion layer




O transistor de efeito de campo: principio de

operacao
inversion layer
gate oxide j | p-type semiconductor
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A tensao da porta induz uma flexao de banda proxima a interface.
Para uma tensao suficientemente alta, o CB esta mais proximo do potencial
guimico do que o VB e o0 semicondutor mostra um comportamento do tipo n.




The Metal Oxide Field Effect Transistor (MOSFET)

conduction
band
-—E=E§

valence
band

n n i

0
p substrate k (arb. units)

source gate drain

energy (arb. units)

— E=0

MOSFETSs pnp também s&o possiveis, mas eles tém a desvantagem
de que a corrente é transportada pelos buracos.

Os buracos tendem a ser mais pesados que os elétrons na maioria dos
semicondutores.




Interagao com fotons
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Fig. 8.1 a Relative sensitivity of the human eye as a function of the light wavelength (Wikipedia).
b Variation of the refractive index of fused quartz with the wavelength




Interacao com fotons

(b)

D ;
Fig. 8.7 Electronic transitions in a two-level system, by absorption (a) and by emission (b) of
photons




Interacao com fotons

Fig. 8.8 Photon absorption
in direct gap semiconductors.
The photon with minimum
energy that is absorbed has
frequency w, = E,/h




Interacao com fotons
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Fig. 8.13 Illustration of two types of electron—hole recombination involving impurity levels with
emission of photons. a Acceptor impurity in p-type semiconductor. b Donor impurity in n-type
semiconductor




Fotoresistor

Fig. 8.16 Simple structure Radiation
of a photoresistor, or LDR

Metallic

contact ’{

LDR (Light Dependent Resistor)




Fotoresistor

Metallic
film
l JL «— Semiconductor
T

Fig. 8.17 a Top view of the photoconductive element with the metal electrode. b View of a typical
commercial photoresistor




Fotodiodo

Fig. 8.19 [Illustration of the ‘ >
electron-hole pair generation

by absorption of photons in 4
the depletion region of a p-n ‘
junction in a photodiode, p " A \

followed by the acceleration
of charges in opposite
directions

 diodo de juncéao
e utilizacao da luz no controle da corrente elétrica » @




Dispositivos para energia

Heat source Active cooling

Heat flow, Q

Heatflow, Q

| il

Heat rejection

Heat sink

Current flow, |
w
Power generation mode Active refrigeraticn mode

CHARGING

CATH ©2019 Let's Talk Science
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Célula Solar

tensao induzida por luz (corrente) para diodo com polarizacao reversa




Célula solar

Metallic contacts Fig. 8.25 Graphical ]
determination of the
operating point of a circuit
with a solar cell in series
(a) with a resistor R},
N Metallic
/ contacts
r
V
(b)

Slope —1/R
Front contact v A/

Anti-reflective coating

N

Strongly doped n-type Si

Fig. 8.26 Structure of a RI
rectangular Si solar cell.
a Cross section. b View from

above pl

Rear contact

Weakly doped p-type Si




Célula solar
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Premio Nobel de Quimica — 2021 - David W.C. MacMillan e Benjamin List, 30



Solar cell
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Front contact

\ Anti-reflective coating

Strongly doped n-type Si
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CCD (charge-coupled device) - Sensor de imagem
Nobel de Fisica — 2009 - Willard S Boyle and George E Smith)

Fig. 8.27 Basic structure of a Si CCD image sensor

Luz visivel: Si
Infra-Vermelho: InSb e HgCdTe

1.A imagem é formada na area do dispositivo por meio
do sistema Optico da camera, fazendo com que um
certo fluxo de fotons foque em cada pixel.

2. Os fétons com energia maior que o gap de energia
criam na regiao préxima a superficie do semicondutor
pares elétron-buraco, com uma taxa proporcional a
intensidade da luz em cada pixel.

3.Uma tensdo aplicada entre a porta e o eletrodo do
outro lado da wafer atrai elétrons para a superficie e
remove 0S buracos, que se difundem no substrato e
sao capturados no circuito externo.

metal-insulating semiconductor (MIS)



CCD
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(a)

(b)

: = : . Durante um intervalo de tempo caracteristico da operacao
1 ]2 13 |4 |5 do dispositivo (variando de 100 ps a 100 ms), pacotes de
« Si0, elétrons se formam sob cada porta do capacitor, cada um
com carga total proporcional a intensidade da luz

integrada no intervalo.

. \uf X Apos esse intervalo de exposicao, as informacoes

armazenadas em cada linha de capacitores na forma de

& | FEEEE e R 3 pacotes de carga sao deslocadas rapidamente até a borda

; da linha, produzindo um sinal de corrente elétrica
o — e W & correspondente a imagem na linha.

b s - O sinal variavel no tempo correspondente a uma linha é

o/ \/ seguido pelo sinal da proxima linha, e assim por diante,

em um processo de varredura vertical, de cima para
baixo. O sinal correspondente ao conjunto de linhas forma

(rf’)] -

um quadro.
(c) P ﬁ[ . ’ .y p
A imagem estatica € formada por apenas um quadro,
?s P ., enquanto uma imagem em movimento é formada por
T ‘ uma sequéncia de quadros, normalmente a uma taxa de
Fig.8.28 Illustration of the charge transfer process in a CCD device. a MOS capacitor connections. 6 O H Z.

b Variation in the electric potential of the charge distribution. ¢ Variation in time of the potentials

of the three lines

A transferéncia dos pacotes de carga de cada capacitor para o final da linha é feita pela acao de uma sequéncia de pulsos de
tensao, aplicados nas portas dos capacitores, em um processo caracteristico de dispositivos de transferéncia, ou dispositivos
de carga acoplada.



LED (Light emission diode)

Fig. 8.29 Recombination of ‘ ‘

electron—hole pairs with
emission of photons in \
interband transitions, due to . ‘ ’ .

the injection of minority
carriers in a forward biased P aAVAV AL
p-n junction
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LED (Light emission diode)

Metallic
contacts

Fig. 8.30 Typical structure of a light emitting diode (LED)




LED (light-emitting diode)

\ p-type n-type
. 2 wwn&Lighting ¢ : 7 . = % = O O O . . .
Isamu Akasaki, Hiroshi Amano OO Oow @ o Oogr @ o ve
and Shuji Nakamura Ve —— O~ O™ 0ce & o 9 0
\ “for the invention of efficient blue light-emitting diodes which has enabled bright and energy-saving white light sources”
s bl Hole Electixamn
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Nick Holonyak — LED Vermelho ... 37



Prémio Nobel - 2014

The Royal Swedish Academy of Sciences has decided to award the

2014 NOBEL PRIZE IN PHYSICS

)

Isamu Akasaki, Hiroshi Amano
and Shuji Nakamura

“for the invention of efficient blue light-emitting diodes which has enabled bright and energy-saving white light sources”

~Nobelprize.org
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LASER (light amplification by stimulated emission of radiation)

Before During After
emission emission emission
Excited level —@r— Fo — 0 — h
N
hy hy ANNN>
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Incident photon AFE L
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Laser point

Base do laser: inversao de populacao

Ocorre naturalmente em uma juncao p-n com
polarizacao direta feita com um semicondutor
de gap direto.

os eletrons do lado n que se mover em direcao a
regiao de juncao e sao injetados no lado p,

Banda de conducao (p) com concentracao maior
do equilibrio térmico.

A recombinacao dos pares elétron-buraco, que
ocorre para que as concentracoes atinjam o
equilibrio em ambos os lados, produz a
emissao espontanea caracteristica dos LEDs.

Se a injecao € forte o suficiente, a condicao de
limiar para operacao do laser pode ser
alcancada e o diodo emite radiacao estimulada

Fig. 8.44 Energy diagrams
in a p-n junction formed by
degenerate semiconductors.
a No applied voltage.

b Forward biased with a
voltage V. ¢ With a voltage
sufficiently large to produce
population inversion in the
transition region

E.
; n
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Transition region
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Laser point (Premio Nobel —2000)
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The Nobel Prize in Physics 2000 was awarded "for
basic work on information and communication
technology" with one half jointly to Zhores I. Alferov
and Herbert Kroemer "for developing semiconductor
heterostructures used in high-speed- and opto-
electronics" and the other half to Jack S. Kilby "for
his part in the invention of the integrated circuit

Fig. 8.45 Illustration of a simple p-n junction diode laser
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Entrega - Infografico — exibigao

]

A good
infographic
tells a story
or presents a
position.

O

The title of

the infographic
stands out and
fits the contents
and message.

The text can be
read easily and
contrasts with the
background.

@
Images are clear,
relevant, original

or copyright free,
and credited.

|

Fonts, shapes,
and colors
are consistent
throughout.
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Aprendendo com infograficos populares

Concept

9\_/@
Artwork Organization
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Aprendendo com infograficos populares

How to Make Infographics

© O

What to Getting

Expect Started
See the X Jump In>
Process

Data: Finding,

Using,
Visualizing

Geek out »

Images:
Finding,
Using, and
Making

Get Expressive >

O

Telling a
Visual Story

Design Like a
Pro

>

O

Revising and
Critiquing

Almost done »

http://science-infographics.org/
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Sugestoes

Titulo - Visao geral
Objetivo/ foco
Contexto / Publico(s)

Percepcao cientifica atual

sobre a linha de pesquisa
Dados principais

Tom e linguagem
Métricas de sucesso
Referéncias ou inspiragao

The pyramid question

A

Burning problem: The main question
your infographic must answer

Supporting questions: To provide
information (How, What)

Probing questions: To
provide insights (Why)

Mind the
® GRAPH
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Representagoes visuais

(a) fluxo

(b) estrutura
(c) cluster
(d) irradiacao
(e) pictorico
(f) exibicao

Comece com a resposta primeiro.

Agrupe e resuma seus argumentos de apoio.

Ordene logicamente suas ideias de apoio.

oCIENCE

e

RESERCH

LOREM IPSUM DOLOR

é%’ﬁ“ﬂ "%

Lovom ipsum dolor mnwndw

50d 60 oIS wddo

LOREM IPSUM DOLOR

)

LOREM IPSUM DOLOR

{4) ) st

- coeces a3 &

LOREM IPSUM DOLOR

81%

wvmwnm

‘\ % naoow-oa

1@5@1

ABOUT
sl % 2,185

Lorom psum dolor

ny %

LOREM IPSUM DOLOR

CRIiLE onamctens g

wx RRfeded e

o RERRRRREE —S
YIIII1L AA@@




Aprendendo com infograficos populares

il

A good . The title of ‘ The text can be I Images are clear, Fonts, shapes,
infographic | the infographic read easily and relevant, original and colors
tells a story stands out and contrasts with the or copyright free, § are consistent
or presents a | fits the contents | background. and credited. throughout.
position. | and message.
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Estratégias

. Primeira impressao (imediato)

I

A A METHOD

SCIENTIFI Observation
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Reflexoes 1

Related to immediacy component:

1. The infographic creates a sense of urgency. [ Yes or No] How does this infographic create a sense of urgency?
Or how does it not?

2. The infographic creates a sense of excitement. [Yes or No] How does this infographic create a sense of
excitement? Or how does it not?

3. The infographic encourages users to take action. [Yes or No] How does this infographic encourage users to take
action? Or how does it not?

50



Estratégias

SCIENCE INFOGRAPHIC FLAT BACRGROUND

Primeira impressao (imediato)
Maleabilidade

shutterstock.com - 182586431
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Reflexoes 2

Related to malleability component:

4. The infographic enables users to apply the content in various ways. [ Yes or No| How does this infographic
enable users to apply the content in various ways? Or how does it not?

5. The infographic allows users to determine their own personal meaning and relevance. [Yes or No] How does this
infographic allow users to determine their own personal meaning and relevance? Or how does it not?

6. The infographic allows users to explore the content. [Yes or No] How does this infographic allow users to
explore the content? Or how does it not?
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Estratégias

- Primeira impressao (imediato)

- Maleabilidade
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Reflexoes 3

Related to compellingness component:
7. The infographic grabs users' attention. [ Yes or No] How does this infographic grab users’ attention? Or how does it not?

8. The infographic holds users' attention. [ Yes or No] How does this infographic hold users’ attention? Or how does it not?
9. The infographic shares a provocative idea or problem. [Yes or No] How does this infographic share a
provocative idea or problem? Or how does it not?

10. The infographic shares a novel idea or problem. [Yes or No] How does this infographic share a novel 1dea or

problem? Or how does it not?
11. The infographic uses storytelling to deliver the message. [Yes or No] How does this infographic use

storytelling to deliver the message? Or how does it not?
12. The infographic uses unexpected design elements. [ Yes or No] How does this infographic use unexpected

design elements? Or how does it now?
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Estratégias

Primeira impressao (imediato)
Maleabilidade

Convincente

Ressonancia

Paragraph style.

Lorem ipsum dolor sit amet,
consectetur adipiscing elit,
sed do elusmod tempor
incididunt ut labore,

55



Reflexoes 4

Related to resonance component:
13. The infographic helps users see how the content is relevant to them. [Yes or No] How does this infographic

help users see how the content is relevant to them? Or how does it not?
14. The infographic helps users see connections (e.g., past, present, and future; existing and new ideas and
perspectives; theory and practice). [Yes or No] How does this infographic help users see connections? Or how

does it not?
15. The infographic evokes users' emotions and memories. [Yes or No] How does this infographic evoke users

emotions and memories? Or how does it not?
16. The infographic 1s credible (e.g., includes reliable content from trusted sources). [Yes or No] How 1s this

infographic credible? Or how 1s it not?

b/
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Estratégias

MEETING THE WATER AND ENERESY
NEEDS OF PEOPLE AND SOCNETIES

. Primeira impressao (imediato)
- Maleabilidade

. Convincente

. Ressonancia

. Coeréncia
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Reflexoes 5

Related to coherence component:
17. The infographic presents a complete message. [Yes or No] How does this infographic present a complete

message? Or how does it not?

18. The infographic presents a well-formed message. [Yes or No] How does this infographic present a well-
formed message? Or how does it not?

19. The infographic is logically structured. [Yes or No] How is this infographic logically structured? Or how 1is 1t not?
20. The infographic's message is clear. [Yes or No|] How is this infographic’s message clear? How is it not?

21. The infographic includes relevant text and images. [Yes or No] How does this infographic include relevant
text and images? Or how does it not?

22. The infographic includes consistent design elements. [ Yes or No] How does this infographic include consistent

design elements? Or how does it not?
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Experimentacoes

https://visual.ly/science-infographics

http://science-infographics.org/

https://mindthegraph.com/templates/
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https://visual.ly/science-infographics
http://science-infographics.org/
https://mindthegraph.com/templates/

Entrega III — Duplas - Entrega 27/11/2022 — 23:59

Juncao PN - Diodo
Laser

CCD

Disco Rigido

LED

Transistor

Célula Solar
Baterias

Célula Combustivel
10. Chip computador
11. Smartphone

12. Magnetos

_13. Supercondutores

oo N R WDHE

14. Nanotecnologia
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Projeto

Desenvolvimento de um plano de aula alinhado a BNCC sobre temas
em torno da Fisica do Estado Sdlido

Desenvolvimento de objetos de aprendizagem
Ciénciarte (apresentacao e protocolo performance)

Divulgacao cientifica (podcast, video, ...)

((c § ).

mmmmmmn  PODCAST
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