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Tecnologias de informacao

Printing press (1436) — number of books jumped from
10,000 to 10 nullion mn 20 vrs.

Telegraph (1844)
Radio (1895)
Television (1936)
Computers (1920s)

Internet (1970s)

— Huge extrasomatic storage: Well above brain storage



e ApOs ano 1945 aconteceu muito mais revolugao tecnolégica, do
que revolucao cientifica

A informadtica s6 explodiu por causa da tecnologia de silicio



Design in the Late Silicon Age
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Defini¢ao da Informatica

e Processamento de informacao
 Armazenamento de informacao

e Transmissao de informacao



Caracteristicas do Si

Oxi1do nativo resistente
Interface S10,/S1 com poucos estados
Resisténcia mecanica

Abundancia na crosta terrestre



Oxidos
SiO,
Al O,
CaO
MgO
Na,O
FeO
K,O
Fe,0;
H,O
TiO,
P,0;
Total

Composicao da Crosta terrestre

Percentagem
59.71
1541

4.90
4.36
3.55
3.52
2.80
2.63
1.52
0.60
0.22
99.22
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Figure 13.2 Perspective view, cross-section, and symbol of an N-channel
MOSFET (NMOS).
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Capacitor MOS



Estrutura MOS 1deal

Energy Band Diagrams
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S0
aluminum * silicon
[P
T E. 0.95¢V
qq)f” qxﬁ
Eyp - ‘l_ - 8eV E¢
qd,, =4.1e¢V
Ei ______
[} A
Ly
E, qys=4.15¢V

¥ =095V

g®, = 5.05¢V (N =5x 10%cm™)

E,=1.12eV

Figure 12.2 Encrgy level diagrams for aluminum, silicon dioxide, and P-silicon.
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Figure 12.3 Energy level diagram after contact.
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Surface Space-Charge Region

insulator semiconductor

P-semiconductor
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Fig. 5 Variation of space-charge density in the semiconductor as a function of the
surface potential ¢ for a p-type silicon with Na=4x10"cm ™ at room temperature; s
is the potential difference between the Fermi level and the intrinsic level of the bulk
semiconductor. (After Garrett and Brattain, Ref. 13))
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CARGAS CAPTURADAS =
NG OxDO
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K
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Figura A.7 - Cargas no Silicio Termicamente Oxidado [10].

*Presenca no 0xido ou na interface 6xido/semicondutor
diminui a integridade do filme 1solante € aumenta a instabilidade do
comportamento dos dispositivos MOS, gera ruidos, aumenta as correntes
de fuga das jun¢des e da superficie, diminui a tensdo de ruptura dielétrica,
altera o potencial de superficie s, afeta a tensdo de limiar V..

*Niveis aceitaveis de densidade de carga efetiva no 6xido em
circuitos ULSI sdo da ordem de 10'Y cm™.



Q.. - CARGAS MOVEIS (+ ou -) | Vs B gy o

*ions dos metais alcalinos Na*, K*e Li* e ions H* e H,O".

ETAPAS DE PROCESSO EM
INCORPORACAO » AMBIENTES COM ESTES
CONTAMINANTES
CARACTERISTICA . MOBILIDADE SOB ACAO
DO CAMPO ELETRICO

Q, - CARGAS CAPTURADAS NO OXIDO (+ ou -) puaUEBlEeuE
DEFEITOS NA ESTRUTURA DO OXIRQ54 « DE PROCESSO COM
INCORPORACAO * RADIACAO IONIZANTE

CARACTERISTICA — ELETRONS E LACUNAS CAPTURADOS
EM POCOS DE POTENCIAIS
(DEFEITOS NA ESTRUTURA)



Q; - CARGAS FIXAS NO OXIDO (+ ) [l (AF:BIEEy

INCORPORACAO . IONIZACAO DO ATOMO DE O
LIGADO A UM SO TETRAEDRO

CARACTERISTICA — DEPENDE DA ORIENTACAO CRISTALINA
l Q(100) < Q(111)

ESTADOS LENTOS: SOB ACAO DO CAMPO ELETRICO
RESPONDEM MUITO LENTAMENTE

Q,, - CARGAS CAPTURADAS NA INTERFACE mi{UagaaNe s

~ ~ _ sDEFORMACAO ABRUPTA DA ESTRUTURA DO Si
INCORPORAGAO *LIGACAO INSATURADA
IMPUREZAS METALICAS

CARACTERISTICA — APARECIMENTO DE ESTADOS QUANTICOS
NA BANDA PROIBIDA

ESTADOS RAPIDOS: TEMPO DE RESPOSTA DE s
SOB ACAO DO CAMPO ELETRICO



TRATAMENTO DAS CARGAS

*LIMPEZA DOS TUBOS COM Cl
—— «OXIDACAO COM Cl
L. IMPEZA DE LAMINAS

*TRATAMENTO TERMICO A 450°C
EM FORMING-GAS (N, E H,)

*TRATAMENTO TERMICO EM
ALTA TEMPERATURA EM N,

*TRATAMENTO TERMICO A 450°C
EM FORMING-GAS (N, E H,)




Processos de fabricacio de dispositivos na
tecnologia planar do silicio

Crescimento epitaxial
Difusao

Oxidacdo térmica
Implanta¢ao 10nica
Recozimento

Foto litografia
Deposic¢ao de filmes

Ataques umidos e por plasma, limpezas
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Figure 16-4 Cross-sectional views of an inverter
structure after well drive.




Lateral punchthrough

Hgure 16-5 The minimum well depth must be
chosen so as to prevent punchthrough from the
reverse biased source/well and source/substrate
junctions.




Well as driven Well impiant

-

Hgure 16-6 The ficld implant mask is the inverse of the

well, but the features are bloated to account for lateral
diftusion.
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Figure 18-7 Top and cross-sectional views of a CMOS
inverter atter field oxidation.
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Figure 16-8 Top and cross-sectional views of a CMOS

inverter after source/drain implants.
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Hgure 16-89 Top and cross-sectional views of a CMOS

invener Zlfter PS(i denacition and reflaw and matallirati e
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Agure 16-10 Top and cross-sectional views of a completed CMOS inverter fabricated with a simple 3 pum
process.
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plant using photoresist mask; (¢) final structure. Copyright 1980 IEEE. Reprinted with permission
from ref. {10].




Semiconductor Manufacturing Processes



Semiconductor Manufacturing Processes

Design

Wafer Preparation
Front-end Processes
Photolithography
Etch

Cleaning

Thin Films

Ion Implantation
Planarization

Test and Assembly

Wafer

Preparation Design
| L
5 1
Thin Films Front-End
Processes
| |
IR
Photo-
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lon
Implantation Etch
|
v v
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e Establish Design Rules
e Circuit Element Design
 Interconnect Routing

e Device Simulation

e Pattern Preparation

Design

Design




Pattern Preparation

Reticle

TChrome Pattern /Pellicle
\ ] |

> ) ]

//

Quartz Substrate




Water Preparation

e Polysilicon Refining
e Crystal Pulling

e Wafer Slicing & Polishing
e Epitaxial Silicon Deposition

Wafer
Preparation




Polysilicon Refining

Chemical Reactions
Silicon Refining: SiO, +2 C — Si+2 CO
Silicon Purification: Si + 3 HCl — HSiCl; + H,
Silicon Deposition: HSiCl; + H, — S1 + 3 HCl

Reactants
H,

Silicon Intermediates
H,SiCl,
HSiCl,




Crystal Pulling

/— Quartz Tube

— Rotating Chuck

/\
J\
1 \

— Seed Crystal

Process Conditions — _
Flow Rate: 20 to 50 liters/min LI~ Growing Crystal
Time: 18 to 24 hours (boule)

Temperature: >1,300 degrees C
Pressure: 20 Torr

o RF or Resistance
8 Heating Coils

O00O0O0000O0
OO/ODOO

Materials - -
Polysilicon Nodules * Molten Silicon
Ar * (Melt)
H, Crucible

* High proportion of the total product use



Water Slicing & Polishing

silicon wafer X

p+ silicon substrate

The silicon ingot is grown and
individual wafers are sliced.

The silicon ingot is sliced into
individual wafers, polished, and
cleaned.



silicon wafer x

Epitaxial Silicon Deposition

Gas
p- silicon epi layer Susceptor Input
p+ Silicon substraie
Chemical Reactions
Silicon Deposition: HSiCl, + H, — Si + 3 HCI 0 Q.
Process Conditions O
Flow Rates: 5 to 50 liters/min @\
Temperature: 900 to 1,100 degrees C. Q
Pressure: 100 Torr to Atmospheric Q g/
l§
Silicon Sources  Dopants Etchant
SiH, AsH; HCl
H,S1Cl, B,H, Carriers
HSiCl, * PH, Ar Exhaust

Lamp
odule

—— Quartz
Lamps

>~

Wafers

N, * High proportion of the total product use



e Thermal Oxidation
e Silicon Nitride Deposition

- Low Pressure Chemical Vapor
Deposition (LPCVD)

e Polysilicon Deposition

- Low Pressure Chemical Vapor
Deposition (LPCVD)

e Annealing

Front-End Processes

Wafer

Preparation Design

Front-End
Processes

Thin Films

}

Photo-
lithography

lon
Implantation

Etch

Cleaning Planarization

Test &
Assembly



Front-End Processes

silicon dioxide (oxide)

p- silicon epi layer

p+ silicon substraie
Chemical Reactions
Thermal Oxidation: Si + O, — Si0,
Nitride Deposition: 3 SiH, + 4 NH; — Si;N, + 12 H,
Polysilicon Deposition: SiH, — Si+ 2 H,
Process Conditions (Silicon Nitride LPCVD)
Flow Rates: 10 - 300 sccm
Temperature: 600 degrees C.
Pressure: 100 mTorr

Oxidation Polysilicon Nitride  Annealing

Ar H, NH; * Ar
N, N, H,SiCl, *  He
H,0 SiH, * N, H,
Cl, AsH; SiH, * N,
H, B,Hg SiCl,

HCI * PH,

0O, *

Dichloroethene *

Vertical LPCVD Furnace
ﬁ\ Exhaust Via

Vacuum Pumps
and Scrubber

Quartz Tube

3 Zone
Temperature
Control

0000000 0000OOO0OO OOOOOOO/

0000000 0000000 00000O0O

=
ﬁ/eas Inlet

* High proportion of the total product use



Photolithography

e Photoresist Coating Processes

* Exposure Processes

Photo-
lithography




Photoresist Coating Processes

p p+ substrate

Photoresists
Negative Photoresist *
Positive Photoresist *
Other Ancillary Materials (Liquids)
Edge Bead Removers *
Anti-Reflective Coatings *
Adhesion Promoters/Primers (HMDS) *
Rinsers/Thinners/Corrosion Inhibitors *
Contrast Enhancement Materials *
Developers
TMAH *
Specialty Developers *
Inert Gases
Ar
N,




photoresist
field oxic

p- epi

Exposure Processes

p+ substraie

Expose

Kr + F, (gas) *

Inert Gases
N2

[ASM Lithography)



Ion Implantation

e Well Implants
e Channel Implants
e Source/Drain Implants

lon
Implantation

l



Ion Implantation

" | phosphofus | |

1 ()ions

junction ;Aiw’”!;;A;A;A;Vj
depth T” nwel p- epi

p-channel transistor
p+ substrate

Process Conditions
Flow Rate: 5 sccm
Pressure: 107 Torr
Accelerating Voltage: 5 to 200 keV

Gases Solids
Ar Ga
AsH, In
BIIF, * Sb
He Liquids
N, Al(CH;),
PH,
SiH,
SiF,
GeH,

= field oxide

Focus

Neutral beam trap Y - axis

and beam gate

Beam trap and Neutral beam and

Wafer in wafer
process chamber

X - axis
scanner

scanner

Resolving
Aperture

AIKI"— Equipment Ground
180 kV

— Acceleration Tube

90° Analyzing Magnet

- Terminal Ground

\
lon Source

20 kV
* High proportion of the total product use



Etch

e Conductor Etch

- Poly Etch and Silicon Trench
Etch

- Metal Etch
e Dielectric Etch

Wafer .
Preparation Design
' L
— 3l
Thin Films Front-End
Processes
I
Vig
Photo-
lithography
v v
lon
Implantation Etch
I
y v v
Cleaning Planarization
| | ‘ | |
I

Test &

Assembly




Conductor Etch

source-drain areas

gate linew idth

é‘ )é ) s gate Oxide

p-channel transistor  n-channel transistor
p+ substrate

Chemical Reactions
Silicon Etch: Si1 +4 HBr — SiBr, + 2 H,
Aluminum Etch: Al +2 Cl, — AIC],
Process Conditions
Flow Rates: 100 to 300 sccm
Pressure: 10 to 500 mTorr
RF Power: 50 to 100 Watts

Polysilicon Etches Aluminum Etches
HBr * BCI, *
C,F, Cl,
SF¢ * Diluents
NF; * Ar
02 He

N,

Cluster Tool
Configuration

Etch
Chambers

* Loadlock
/

RIE Chamber

/ Gas Inlet
A E

e l Wafer

/
—a

e

Exhaust
* High proportion of the total product use

Transfer
Chamber

RF Power




Dielectric Etch

Cluster Tool
Configuration

Etch
Chambers

p-channel transistor  n-channel transistor

p+ substraie Wafers ( ,A Transfer

Chemical Reactions

Oxide Etch: SiO, + C,F, — SiF, + CO, + CF, + 2 CO
Process Conditions

Flow Rates: 10 to 300 sccm

Pressure: 5 to 10 mTorr

* Loadlock
o]

RIE Chamber Gas Inlet

RF Power: 100 to 200 Watts N ,/
— == |
. . Transfer _— Water
Plasma Dielectric Etches  Diluents Chamber —

CHF; *  CO, Ar RF Power
CF, 0, He
C,F, SF, N, I
CF,  SiF,
Cco~ Exhaust

* High proportion of the total product use



Cleaning

Wafer

Preparation Design
. . — y
e Critical Cleaning Thin Filme Front-End
Processes
e Photoresist Strips
c 0 Photo-
e Pre-Deposition Cleans lithography
lon
Implantation =ieh
|
Cleaning Planarization
I /
Test &

Assembly



Critical Cleaning

A’ Contact locations

p-channel transistor n-channel transistor
p+ substrate U

~N N S NN,
Process Conditions w u u u

Temperature: Piranha Strip is 180 degrees C.

1 Organics 2 Oxides 3 Particles 4 Metals 5 Dry

H,SO4 + HF + NH4,OH + HCl + H,Oor IPA +

H,O0, H,0 H,0,+H,0 H,0,+H0 N,

H,ORinse H,O Rinse H,O Rinse H,O Rinse
RCA Clean Nitride Strip Dry Strip Solvent Cleans

SCI1 Clean (H,O + NH,OH + H,0,) * H,PO, * N,O NMP
*SC2 Clean (H,O + HCI + H,0,) * Oxide Strip 0, Proprietary Amines (liquid)
Piranha Strip HF + H,0 * CF,+0, Dry Cleans
* H,50, + H,0, * O, HF
O, Plasma

Alcohol + O,



Thin Films

e Chemical Vapor Deposition
(CVD) Dielectric

 CVD Tungsten

e Physical Vapor Deposition
(PVD)

e Chamber Cleaning

Thin Films

!



Chemical Vapor Deposition (CVD) Dielectric

p-channel transistor  n-channel transistor
p+ substrate

Chemical Reactions

Si(OC,Hy), + 9 O; — SiO, + 5 CO + 3 CO, + 10 H,0

Process Conditions (ILD)
Flow Rate: 100 to 300 sccm
Pressure: 50 Torr to Atmospheric

CVD Dielectric

insulator layer 2

TEOS
Source

Metering Inert Mixing I

/—

Pump\ Gas
S~

— T

Vaporizer

)N ‘NN

Direct

Injection

al et

Liquid Process Gas

ol

«

LPCVD l
Chamber

/ Gas Inlet
\

Transfer e

Chamber —
————

/l/ Wafer

|

Exhaust

—6

RF Power

* High proportion of the total product use



Chemical Vapor Deposition (CVD) Tungsten

titanium

~ piwell
p-channel transistor  n-channel transistor

tungsten

p+ substrate

Chemical Reactions
WF,+3H, > W+ 6 HF
Process Conditions
Flow Rate: 100 to 300 sccm
Pressure: 100 mTorr
Temperature: 400 degrees C.

CVD Dielectric
WE, *
Ar
H2
N2

Input
Cassette

Output
Cassette

Wa4er \

Multistation Sequential
Deposition Chamber

Wafers

Water-cooled
Showerheads

Resistively
Heated Pedestal

* High proportion of the total product use



Physical Vapor Deposition (PVD)

Physical

Cluster Tool Vapor
Configuration Deposition
: Chambers
p-channel transistor n-channel transistor (
p+ substrate Wafers ,A Transfer

Process Conditions
Pressure: <5 mTorr
Temperature: 200 degrees C.

4- Loadlock
o]

. React
RF Power: PVD Chamber Gzas‘;ts“’e
N M EW
Barrier Metals Transfer ~ 7/Cryo Pump

SiH, N

Chamber [Y] |
Ar ] H Wafer
N, 1
vt

N, .
: Argon & Backside DC Power
k
TiPVD Targets Nitrogen He Cooling Supply (+)

* High proportion of the total product use



e Oxide Planarization
e Metal Planarization

Planarization

Wafer
Preparation

Thin Films

Design

Front-End
Processes

Photo-
lithography

lon
Implantation

—

Cleaning

Etch

Planarization

—

Test &
Assembly



Chemical Mechanical Planarization (CMP)

p-channel transistor  n-channel transistor
p+ subsirate

Process Conditions (Oxide)
Flow: 250 to 1000 ml/min
Particle Size: 100 to 250 nm
Concentration: 10 to 15%, 10.5 to 11.3 pH
Process Conditions (Metal)
Flow: 50 to 100 ml/min
Particle Size: 180 to 280 nm
Concentration: 3 to 7%, 4.1 - 4.4 pH

Backing (Carrier) Film CMP (Oxide)

Polyurethane Silica Slurry *
Pad KOH *
Polyurethane NH,OH
Pad Conditioner H,0
Abrasive CMP (Metal)
Alumina *

FeNO,

Platen

Head

Sweep Slide Polishing

Head

Load/Unload
Station Pad

Conditioner

Wafer Handling
Robot & 1/0

arousel

Wafer

Carrier \H/‘ Polishing Pad
\ |
0

T

Platen
* High proportion of the total product use.

Slurry
Delivery

Wafer



Test and Assembly

e Electrical Test Probe

e Die Cut and Assembly

e Die Attach and Wire Bonding
e Final Test

Test &
Assembly




Electrical Test Probe

bonding pad

Metal 2 TR e

— e pwel |

p-channel transistor  n-channel transistor
p+ subsiraie

Defective IC

Individual integrated circuits
are tested to distinguish good
die from bad ones.



Die Cut and Assembly

Good chips are attached P

to a lead frame package. Yyl minimininin \
000000000\




Die Attach and Wire Bonding
"\

me gold wire
-\—-

\\7(‘) \\

b

—

bonding pad

AN

connecting pin




Final Test

Chips are electrically
tested under varying
environmental conditions.
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