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() URmenes Aspects of process integration
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Process Integration means:
Compilation of process steps to generate a Chip
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{,gfyg,gg,gg; Aspects of process integration

DRESDEN

Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials
Design
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{,gfyg,gg,gg; Aspects of process integration

DRESDEN

Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials
Design

Example: Capacitor

Si Substrat
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() iveess Aspects of process integration
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Process Integration means:
Compilation of process steps to generate a Chip
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{,gwg,ggﬁg; Aspects of process integration
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Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials
Design

Example: Capacitor

Develop
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{,gfyg,gg,gg; Aspects of process integration
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Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials 24 .
Design

Example: Capacitor
Resist Strip
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{,gfyg,gg,gg; Aspects of process integration

DRESDEN

Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials
Design

Example: Capacitor
Diffusion or Implant
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{,5&*;,;35*;; Aspects of process integration
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Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials
Design

Example: Capacitor
Dry Oxidation
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{,gfyg,gg,gg; Aspects of process integration
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Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions

Materials
Design D ' m

Example: Capacitor

Litho and Etch Oxide
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{,5&*;,;35*;; Aspects of process integration

DRESDEN

Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials
Design

Example: Capacitor

Sputter Deposition
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() URmenes Aspects of process integration

DRESDEN

Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
Dimensions
Materials
Design

Example: Capacitor

Litho and Etch Metal
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Process Integration means:
Compilation of process steps to generate a Chip

and is related to: Electrical performance
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() iRiseis Process - integration
ORESDEN MOQOS Capacitor

Question: If the substrate is grounded, is there a certain polarity required?
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60 e Process - integration
DRESDEN MOS Capacitor

Question: If the substrate is grounded, is there a certain polarity required?

If the p+ terminal
is connected to +
we have a short to
ground through the
p*/n substrate
diode
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() iRiseis Process - integration
ORESDEN MOQOS Capacitor

Question: If the substrate is grounded, is there a certain polarity required?

The substrate contact
has to be minus
otherwise the

p*/n junction is

in forward direction!

If the p+ terminal
is connected to +
we have a short to
ground through the
p*/n substrate
diode
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() INneRarTAr Process - integration
S MOS Capacitor

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

C=Q/V; C=¢gye. A/d; ¢,=8.8510" F/m
gr‘(SiOZ) - 39

Page: 32 LO4© J. W. Bartha 2021 TUD INTERNAL USE ONLY!
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() INneRarTAr Process - integration
S MOS Capacitor

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

C=Q/V; C=¢gye. A/d; ¢,=8.8510" F/m
Sr(SiOZ) - 39

chargesatU=25V: Q=CU=30-10PF-25V=75-101 As
(e=1.6-101 () or 469000 Electrons (% Noise)

Can this be realized with a cell size of 1ym2 ?
Required oxide thickness: d = g4¢, A/C = 1.1 nm
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() INneRarTAr Process - integration
S MOS Capacitor

Impact of material and layout:

Typical DRAM capacitor C = 30 fF

(o s C=Q/V; C = &gz, A/d; o= 8.851012 F/m
substrate gr(SiOZ) _ 3.9

chargesatU=25V: Q=CU=30-10PF-25V=75-101 As
(e=1.6-101 () or 469000 Electrons (% Noise)

Can this be realized with a cell size of 1ym2 ?
Required oxide thickness: d = g4¢, A/C = 1.1 nm

(Break Down Voltage of SiO, is 7 MV/cm, Further problem - tunnel current!)
U/d=25V/1.1 nm =22 MV/cm Il Therefore minimum oxide thickness d = 3.3 nm
This requires A = 3 ym? or a different dielectric material (for example high k)
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(D) i EOT
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Equivalent oxide thickness

From Wikipedia, the free encyclopedia

An Equivalent oxide thickness is a distance, usually given in nanometers (nm), which indicates how thick a silicon oxide
film would need to be to produce the same effect as the high-k material being used.

The term is often used when describing field effect transistors which rely on an electrically insulating pad of material
between a gate and a doped semiconducting region. Device performance has typically been improved by reducing the
thickness of a silicon oxide insulating pad. As the thickness approached 5-10 nm, leakage became a problem and
alternate materials were necessary to increase the thickness while retaining the switching speed. Materials having larger
dielectric constants enable thicker films to be used for this purpose while retaining fast reaction of the transistor. For
example, a high-k material with dielectric constant of 39 (compared to 3.9 for silicon oxide) can be made ten times thicker
than silicon oxide which helps to reduce the leakage of electrons across the dielectric pad, while achieving the same
capacitance. Commonly used high-k gate dielectrics include hafnium oxide and more recently aluminum oxide for gate-all-
around devices.

ksi
gh-K

The EOT definition is useful to quickly compare different dielectric materials to the industry standard silicon oxide dielectric,
as:

A A

EO—T = €0 €high-x =C

€p €Si0, Fris
gh-x
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DRESDEN

Equivalent oxide thickness

From Wikipedia, the free encyclopedia

An Equivalent oxide thickness is a distance, usually given in nanometers (nm), which indicates how thick a silicon oxide
film would need to be to produce the same effect as the high-k material being used.

The term is often used when describing field effect transistors which rely on an electrically insulating pad of material
between a gate and a doped semiconducting region. Device performance has typically been improved by reducing the
thickness of a silicon oxide insulating pad. As the thickness approached 5-10 nm, leakage became a problem and
alternate materials were necessary to increase the thickness while retaining the switching speed. Materials having larger
dielectric constants enable thicker films to be used for this purpose while retaining fast reaction of the transistor. For
example, a high-k material with dielectric constant of 39 (compared to 3.9 for silicon oxide) can be made ten times thicker
than silicon oxide which helps to reduce the leakage of electrons across the dielectric pad, while achieving the same
capacitance. Commonly used high-k gate dielectrics include hafnium oxide and more recently aluminum oxide for gate-all-
around devices.

ksi
gh-K

The EOT definition is useful to quickly compare different dielectric materials to the industry standard silicon oxide dielectric,

as:
A A
e EO—T S thigh-n =¢ COHTIHUB |:> V|DEO
"SCT_S5520_04.4" 02:02 CA.E\/!PUS
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(L) universimar 1.2 Transition o the MOSFET
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Let's look to the MOS structure firstl

p-type silicon substrate (b)
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MOS capacitor
CV behavior
-Accumulation
-Depletion
-Inversion
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