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This document including the contained
video streams is only available to
students of the lecture .. Semiconductor
Technology 2" at TU-Dresden. It must
not be copied and published outside of
TUD! It is intended for

TUD internal use only!
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TECHN'SCHE Virtual Lecture - How to watch the streams

are alr'eady logged on at VCS you  will be able to s’rar"r a video sTream Otherwise you
will just see the VCS Start Page. In that case you need to login in the following way:

Al Loge Oerforden Fremchatung)

Medien-Ubersicht — Logm

Feature| d AT )
o Anmuddung mit Hochackul-Login feckordert Francsa Login

Please click
on login:
- Select TU Dresden in the selection

mask above the login knob
) —

_
Login - _
Arwwirnwg rel Fochmed Lopm lwtesden Freschutany _
S \edien-Obersicht

e ? . i
Now you continue with Finally you are logged on
your personal login at VCS. Now you are
procedure. able to access the
Use the same username streams. Please stay Next time, you click on a
and password as you do logged on as long as you stream symbol, you see
for OPAL or ZIH! work with the pdf something like this. Enjoy

the stream!
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> About the partial reuse of Slides
and streams
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OPAL Registration,
where to find the slides
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 OPAL! Please sign up.

Y« 8CT2 5521 Ragistration

Hoto you sgn up %or the class “Semconductor Technology 27 givon by ot Johann W. Bartha

informationen zum Zugang
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® Q-

Status Name Bescihveibung Anzahl Pistze Eintragen Austragen

L LG Semiooducton Technokgy 2 Eotrac trode m Ertautst (bs Nt
ariconducon N 0zAa evinubl

2t ProlDerernat. J. W. Bartha
Lecture announcement

Part 2 of the module

Semiconductor Technelogy 2

- Process integrasion -

Attention: The lecture will be given via
video streams which you access by

https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry
/5690753028/CourseNode/88474264285906217
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 OPAL! You find the pdf slides and other stuff

here:

https://bildungsportal.sachsen.de/opal/auth/Busin
essGroup/29483499535/menu/MENU_FOLDER
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OPAL Registration,
where to find the slides

Intro of the lecturer

Lab associated with the lecture -
DMA 2021

Books - Exam

Wrap up of SCT1 - left over from SCT1
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DRESDEN

Johann.Bartha@tu-dresden.de

TU Dresden, IHM/mierdel-Bau
CV: Johann W. Bartha Nothnitzer Str. 64

01062 Dresden

+49 351 463 35292

http://www.ihm.tu-dresden.de/

Prof. Dr. Johann W. Bartha received a Diploma and PhD. degree in solid state physics at the University of Hannover,
Germany. He was two years Post Doc at the IBM T. J. Watson Research Center Yorktown Heights, N. Y. were he
investigated Metal Polyimide interfaces for applications in multi layer ceramic packaging. 1985 he joined the IBM German
Manufacturing Technology Center (GMTC) at Sindelfingen Germany as staff member and became responsible for plasma
based technologies in semiconductor processing as a senior staff member. 1994 he accepted a professorship at the
University of Applied Sciences at Miinster, Germany where he established a laboratory for micro manufacturing. 1999 he
accepted a C4 professorship as head of the chair for Semiconductor Technology at the Dresden University (TUD). Since
March 2003 he is director of the Institute of Semiconductor- and Microsystems technologies at TUD and established a
strong collaboration between Dresden University and local semiconductor Industry. The research focus at his
department is BEOL processing including barriers (ALD and PVD), ECD and CMP. Since 4/2019 he is retired but continues
as senior professor at THM.

Prof. Bartha is member of the DPG (German physical society), the ECS (Electrochemical society) and foundation member
of the Silicon Saxony association. He is co-organizer of several international conferences in the field of microelectronics
(IITC - International Interconnect Conference, European AEC/APC, ICPT 2007 - Int. Conf. on Planarization Technology,
IWFIPT 2007 - Int. Workshop on Future Information Processing Techn., MRS Spring Symposium on CMP 2004 and
2010) and co-founder of the Dresden Summer School Microelectronics. He was non voting member in the board of the
CNT until 2009 (a joint R&D organization of AMD, Qimonda and Fraunhofer) and is head of the NaMLab gGmbH
scientific board (materials research company owned by TUD).
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Lab associated with the lecture -
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The access to the lab is
restricted!

General admission to the lab is only
for those students, where the lab is
part of the regular study plan and
for those students who did not
perform the lab before!



Eﬁ?&"&?ﬁ'ﬁ SCT2 Laboratory
DRESDEN Fabrication of a contact chain

AccV SpotMagn Det WD BExp ——— 5

100kv 30 500x SE 36.8 27939 IHM-3664/ kk_1

https://videocampus.sachsen.de/m/74ffblea787b
cbdblcff3be932d090cebd1288f7857618529419
7b20c2997e0ca685ed3f3f0f88640371bd199d8a
24331c4e31b2a5380ded2870e7bf016f0f1a

el WD EBExp | oy
36.7 27939 IHM-3664/ kk_1
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= Chemical Vapor Deposition (CVD) / Atomic Layer Deposition (ALD)

= RIE structuring contact vias

= Sputtering metal for barrier/seed layer

= Lithography structures/ resist mask for galvanic copper deposition

= Pattern plating copper structures 2nd conducting layer
= Wet chemical etch seed layer and barrier

= Electrical measurement of contacts and conducting layer parameters
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> Students are merged in groups of 4

> Each group will have two appointments
in the summer semester with a duration of about 3
time hours each

> At such an appointment one specific task
out the 7 is performed together with an assistant

professor

> You need to be prepared for the appointment and
afterwards a protocol is requested
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TECHNISCHE Inventory of 7 Experiments/Tasks
DRESDEN In regular Years every group of 4 students takes 3 out of the 7

This Year it will be 2 out of the 7!

= Chemical Vapor Deposition (CVD) / Atomic Layer Deposition (ALD)

= RIE structuring contact vias

= Sputtering metal for barrier/seed layer

= Lithography structures/ resist mask for galvanic copper deposition

= Pattern plating copper structures 2nd conducting layer

= Wet chemical etch seed layer and barrier

= Electrical measurement of contacts and conducting layer parameters

https://bildungsportal.sachsen.de/opal/auth/Repository
Entry/5690753028/CourseNode/101358303504339
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TECHNISCHE Due to the Iar'ge ou‘rlay concer'ning staff and
PRESDEN  expense, the participation in the lab is restricted!

General admission to the lab is only for those students, where
the lab is part of the regular study plan!

This means specifically for the current SS21, allowed are:

» The NES students with starting semester WS20/21

» The OME students with starting semester WS20/21

» The MEL students of module ET-121201 in the 6'th semester

» And students of earlier starting semesters of the groups
above, who, for good reasons were not able to attend the lab

before.
This applies also to students who, for what reason ever,
repeat a module. A former attendance of the lab will be
counted for the repetition as welll
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Remarks & organizational stuff:

Lab organization by appointment: Registration

https://bildungsportal.sachsen.de/opal/auth/RepositoryE

ntry/5690753028/CourseNode/101358303504194
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OPAL Registration,
where to find the slides

Intro of the lecturer

Lab associated with the lecture -
DMA 2021

Books - Exam

Wrap up of SCT1 - left over from SCT1
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Yot Academy

Welcome Program  AboutUs Sponsors Links Contact  DMA Impressions

https://cfaed.tu- -
dresden.de/dma- S | e Teien
welcome ' vl

Ansehen auf (& Youlube

Production: Jan Luther - http.//www.app-bis-web.de

Welcome to the cfaed Summer School: Dresden Microelectronics Academy
Save-the-date: 20-24 September 2021 - please check here regularly for updates on the format and program of DMA21!

This one-week summer school showcases Dresden as Europe’s largest microelectronics hub and TU Dresden as the ideal
place to study and work!

Who can apply

» advanced students (Master/Diplom students) / PhD students / postdocs of engineering with affinity to
micro-/nanoelectronics, e.g., design, technology and test

Page:21 LO1 ©J w.Bartha2021 TUD INTERNAL USE ONLY!


https://cfaed.tu-dresden.de/dma-welcome

TECHNISCHE . .
WunwEsit  Remarks & organizational stuff:

OPAL Registration,
where to find the slides

Intro of the lecturer

Lab associated with the lecture -
DMA 2021

Books - Exam

Wrap up of SCT1 - left over from SCT1
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Topics to begin: Exam and books:

Page:23

Books:

S.M. Sze,

S.M. Sze

Stephen A. Campbell

JD. Plummer, M. Deal, P.B. Griffin

S. Wolf

Sima Dimitrijev

S. Wolf
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VLSI Technology

Semiconductor Devices
Physics and Technology

The Science and Engineering
of Microelectronic Fabrication

Silicon VLSI Technology

Silicon Processing for the VLSI
Era, Vol. 1-4

Insbesondere Vol. 2, Process
Integration

Understanding Semiconductor

Microchip Manufacturing

Mec Graw-Hill Inc, 1983/1988

John Wiley & Sons 1985/2002

Oxford University Press 1996

Prentice Hall, 2000

Lattice Press 2000-2004

Oxford University Press 2000

Lattice Press 2004



TECHNISCHE . _
AT Topics to begin: Exam and books:

https://www.spiediqgitallibrary.org/ebooks/PM/Introduction-to-Semiconductor-
Manufacturing-Technology-Second-Edition/elSBN-

9780819490933/10.1117/3.924283?Ss0=1 Chapter 2, 3, 13 to 15!

Sima Dimitrijev
Understanding Semiconductor Devices

Oxford University Press 2000

This book contains a CD-ROM with mathlab animations which I will use
for demonstration purpose

S. Wolf  Microchip Manufacturing
Lattice Press 2004

Exam will be written (120 min.) probably mid to end
of July
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Wrap up of SCT1 - left over from SCT1
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Lecture Semiconductor Technology |,

Prof. Dr. J. W. Bartha 6. Epitaxy
6.1. Gas Phase Epitaxy
Content 6.1.1. Uniformity
6.1.2. Reaction Kinetics
1. Introduction 6.1.3. Man crystalline vs. Polycrystalline
6.1.4. Pattern Displacement
2. Silicon as Substrate Material 6.1.5. Doping
24 The Silicon Crystal 6.1.6. Epi-Reactor + Process
22 Crystal Defects 6.1.7. Selective Epitaxy
23 Conductivity and Doping 6.2. Molecular Beam Epitaxy
2.4 Si as the most important material of Microelectronics
24.1. Fabrication of pure Silicon 1. Chemical Vapor Deposition CVD
2.4.2. Si Wafer Fabrication 7l Poly-Silizium
FAVE Siliconoxide Si0;
3. The Oxidation of Silicon 7:3: Silicon nitride SizMg
3.1 Growth model after Deal and Grove 7.4. PECYD
3.2, Dependency on Process parameters 7.5. Tungsten W
33 Oxidation technigque
3.4 Stress and Oxidation 8. Plasma based Deposition and Etch
8.1 Plasma technology
4. Lithography 8.1.1. Basic Processes in a Plasma
4.1. Process sequence 8.1.2. Energy Absorption by the Electric Field
4.1.1. Negative Resist 8.1.3. Plasma Properties
412 Positive Resist 8.1.4. Plasma Generation
4.2. Multi-Layer Resists 8.2 Sputter Deposition
4.3. Image Reversal 8.2.1. Sputter Deposition of Alloys
4.4, Pattern Enhancement 822 Reactive Sputtering
823 Magnetron Sputtering
5. Doping 8.2.4. Bias-Sputtering
5.1 Diffusion 8.3 Plasma induced Etching
L3 ...fram an infinite Source 8.3.1. Sputter-Etching
52102, ...from a finite Source 832 Plasma Induced Chemical Etching
53153, Two step Diffusion 8.3.3 Reactive lon Etching
5.1.4. Further Effects 8.3.4. Process Parameters
https://www.youtub 5:1:5, Practical Realization 8.3.5. Plasmatools
' /wat hov=Uvl 52 Implantation
e.com/warch-v=Uvid 52.1. Projected Range
uATiAB0&t=283s 522 Implantation - Masks]
52.3. Channgling
524 Further Effects
5:2:5: Healing and Activation
5.26. Implantation Systems
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Wrap up of SCT1

https://bildungsportal.sachsen.de/opal/auth/BusinessGroup/26548961288/menu/MENU_FOLDER
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: 6.1.4. Pattern Displacement
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24 The Silicon Crystal 6.1.6. Epi-Reactor + Process
Ioo k fo r 1' he 22 Crystal Defects 6.17. Selective Epitaxy
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of the 72 Siliconoxide Si0;
3. The Oxidation of Silicon 7:3: Silicon nitride SizMg
.l. d 3.1 Growth model after Deal and Grove 7.4. PECYD
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e.com/warch: 52.1. Projected Range
uATiAB0&t=283s 522 Implantation - Masks]
52.3. Channgling
524 Further Effects
5:2:5: Healing and Activation
5.26. Implantation Systems

https://www.halbleiter.org/index.php/?sprache=en
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TECHNISCHE ﬁ:::i"ue VIDEQ B ) Terms and Classification of the
DRESDEN S manufacturing sequence

"SCT2_1.2" 46:09
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TECHNISCHE ﬁ:::i"ue VIDEQ B ) Terms and Classification of the
DRESDEN allig s manufacturing sequence

"SCT2_1.2" 46:09

Basic distinction of processing in:
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TECHNISCHE ﬁ:::inue VIDEQ B ) Terms and Classification of the
DRESDEN allig s manufacturing sequence

"SCT2_1.2" 46:09

Basic distinction of processing in:

— Front end (of line) FEOL
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@ TECHNISCHE ﬁ:::i"ue VIDEQ B Terms and Classification of the
DRESDEN S manufacturing sequence

"SCT2_1.2" 46:09

Basic distinction of processing in:

— Front end (of line) FEOL

‘_ : back end of line or interconnect or
— metallization BEOL
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TECHNISCHE Continue T d Classification of th
F VIDEO P ) erms an assification of the
UNIVERSITAT here dlpi=s ] )

DRESDEN SRCHSEN manufacturing sequence

"SCT2_1.2" 46:09

Basic distinction of processing in:

— Front end (of line) FEOL

back end of line or interconnect or
metallization BEOL

/ and back end or packagin

Wire Bonding
(Kaijo Corporation)
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() IhiversiTiT Semiconductor Processing

DRESDEN

Technology inventory:
Oxidation
Lithography
Etching (wet & dry, polish)
Doping => Implantation (Diffusion)
Deposition
Chemical Vapor Deposition
(CVD +/- Plasma) - ALD
Evaporation /
Sputter Deposition (PVD)
Electrochem. Depo. (ECD)

http://www.semiconductor.net/info/CA6432169.html
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@ TECHNISCHE hT‘rps://videocampus.sachsen.de/m/4f83eedf910457772766011766

Clean Oxidation Patw; Etch "L e implantatcn
!
] )

48 -9 b
‘.._ RULTA - . o ‘ﬁa‘ i“

R -~ ’ Finishad
,'; Click on @ machine to see dqtails Waters
PhotOResigt | Cnemical Vapor |Phygical Barriagh,. Chemical

Sl B B

thundershare.net

{3

Semiconductor devices are
manufactured using a precise, but
repetitive process. The process begins

with a thin slice of silicon, called a
wafer. Many devices are constructed
on each wafer, and are later separated
and packaged. These processes take

place in a highly-filtered cleanroom.
Wafer Side View Wafer Top View

W ccdham

Copytight 2000, &-try.com
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@ TECHNISCHE hT‘rps://videocampus.sachsen.de/m/4f83eedf910457772766011766

Clean Oxidation Patw; Etch "L e implantatcn
!
] )

-l PR - l "?;,:v‘ u“

R - , Fireshed
,'; Click on @ machine to see dqtails Waters

PhotoResigt | Cnemical Vapor
sud :

thundershare.net

Semiconductor devices are
manufactured using a precise, but
repetitive process. The process begins

with a thin slice of silicon, called a
wafer. Many devices are constructed
on each wafer, and are later separated
and packaged. These processes take

place in a highly-filtered cleanroom.
Wafer Side View Wafer Top View

W ccdham

Copytight 2000, &-try.com
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Lecture Semiconductor Technology |,

Prof. Dr. J. W. Bartha 6. Epitaxy
6.1 Gas Phase Epitaxy
Content 6.1.1. Uniformity
6.1.2. Reaction Kinetics
1. Introduction 6.1.3. Man crystalline vs. Polycrystalline
6.1.4. Pattern Displacement
2. Silicon as Substrate Material 6.1.5. Doping
21 The Silicon Crystal 6.1.6. Epi-Reactor + Process
2.2 Crystal Defects 6.1.7. Selective Epitaxy
23 Conductivity and Doping 6.2, Molecular Beam Epitaxy
2.4 Si as the most important material of Microelectronics
24.1. Fabrication of pure Silicon 1. Chemical Vapor Deposition CVD
2.4.2. Si Wafer Fabrication 7l Paly-Silizium
7.2. Siliconoxide SiO;
3. The Oxidation of Silicon 753 Silicon nitride SizNg
S Growth model after Deal and Grove 7.4. PECYD
32 Dependency on Process parameters 75 Tungsten W 7.6 ALD
3.3. Oxidation technique
3.4 Stress and Oxidation 8. Plasma based Deposition and Etch
8.1 Plasma technology
4. Lithography 8.1.1. Basic Processes in a Plasma
4.1. Process sequence 8.1.2 Energy Absorption by the Electric Field
4.1.1. Negative Resist 8.1.3. Plasma Properties
4.1.2. Positive Resist 8.1.4. Plasma Generation
4.2 Multi-Layer Resists 8.2 Sputter Deposition
4.3. Image Reversal 8.2.1. Sputter Deposition of Alloys
4.4, Pattern Enhancement 8.22 Reactive Sputtering
8.2.3. Magnetron Sputtering
5. Doping 8.2.4. Bias-Sputtering
5.1 Diffusion 8.3 Plasma induced Etching
L5 Y ...fram an infinite Source 8.3.1. Sputter-Etching
52152, ...fram a finite Source 832 Plasma Induced Chemical Etching
6313, Two step Diffusion 8.3.3 Reactive lon Etching
5.1.4. Further Effects 8.3.4. Process Parameters
5:1.5, Practical Realization 8.3.5 Plasmatools
52 Implantation
&52:1: Projected Range
522 Implantation - Maskg]
523 Channgling
524 Further Effects
5:2:5; Healing and Activation
5.286. Implantation Systems
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Content
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Introduction

Silicon as Substrate Material

The Silicon Crystal

Crystal Defects

Conductivity and Doping

Si as the most important material of Microelectronics
Fabrication of pure Silicon

Si Wafer Fabrication

SESTSTNTNENN
N —

The Oxidation of Silicon

Growth model after Deal and Grove
Dependency on Process parameters
Oxidation technique

Stress and Oxidation

B wh =

Lithography
Process sequence
Negative Resist
Positive Resist
Multi-Layer Resists
Image Reversal
Pattern Enhancement

Soobidaops b s B O)70000 000
N =

BRwh= s

Doping

Diffusion

...from an infinite Source
...from a finite Source
Two step Diffusion
Further Effects
Practical Realization
Implantation

Projected Range
Implantation - Maskg]
Channgling

Further Effects
Healing and Activation
Implantation Systems
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Reaction Kinetics

Man crystalline vs. Polycrystalline
Pattern Displacement

Doping

Epi-Reactor + Process

Selective Epitaxy

Molecular Beam Epitaxy

Chemical Vapor Deposition CVD
Poly-Silizium

Siliconoxide SiO;

Silicon nitride SiaNg

PECVD
Tungsten W 7.6 ALD

Plasma based Deposition and Etch
Plasma technology

Basic Processes in a Plasma

Energy Absorption by the Electric Field
Plasma Propetties

Plasma Generation

Sputter Deposition

Sputter Deposition of Alloys

Reactive Sputtering

Magnetron Sputtering

Bias-Sputtering

Plasma induced Etching
Sputter-Etching

Plasma Induced Chemical Etching
Reactive lon Etching

Process Parameters

Plasmatools
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Cu Electroplating

Anode (soluble) Cu = Cu?t* + 2e-
Cathode (wafer) Cu2+ + 1le- = Cut

Cu+ + e- = Cu
Cathode Anode

S e
@@@ N

Taken from
© GLOBALFOUNDRIES DMA 2011
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Cu Electroplating - Additives

+- ) Suppressor / Leveler

v absorbed preferentially on previousieiar iing
the peaks of the substrate
and inhibit the deposition
on this particular location

v' act as wetting agent
v long chain polymers

¥ Accelerator Cu electrolyte
v  absorbed preferred at the

bottom of the feature Cu anode
v  supports deposition in this

area

v' sulfonic acid

Taken from
© GLOBALFOUNDRIES DMA 2011
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Cu Electroplating - Additives Seed layer

+- ) Suppressor / Leveler

v absorbed preferentially on previous-metal |
the peaks of the substrate
and inhibit the deposition
on this particular location

v' act as wetting agent
v long chain polymers

¥ Accelerator Cu electrolyte
v  absorbed preferred at the

bottom of the feature Cu anode
v  supports deposition in this

area

v' sulfonic acid

Taken from
© GLOBALFOUNDRIES DMA 2011
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Super filling WESED>  Bottom up fill behavior

Superfill:
ECD Application
© GLOBALFOUNDRIES DMA 2011

5 s plating 10 s plating 15 s plating
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Super filling II‘ l Bottom up fill behavior

Superfill:
ECD Application
© GLOBALFOUNDRIES DMA 2011

5 s plating 10 s plating 15 s plating

Taken from ASM company: https://www.youtube.com/watch?v=Jvd9VeFZVfw&feature=emb_logo

Taken from:
https://www.technic.com/applications/semicondu

ctor/semiconductor-fabrication-packaging-
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In the evolution of IC products
the corrugation of surface
topologies grew constantly.

On the other hand the CD
became constantly smaller. At a
certain point in time the
technically possible DOF was
larger than the corrugation of
the surface. =>

It became necessary to create a
technology for planarization!
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(L) universimar Left over from SCT1: CMP

DRESDEN

In the evolution of IC products
the corrugation of surface
topologies grew constantly.

On the other hand the CD
became constantly smaller. At a
certain point in time the
technically possible DOF was
larger than the corrugation of
the surface. =>

It became necessary to create a

technology for planarization! — 4 7
4. Digital Equiment Corp.'s Alpha chip has both tungsten and
conventional vias
CMP := Chemical mechanical Polishing
or Chemical mechanical Planarization
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Example: Oxide planarization after CVD of insulator layer

Source: IBM JRD
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Example: Oxide planarization after CVD of insulator layer

1) Metal stack deposition =

2) Wire Jithofmetal RIE

3) Oxide deposition. |~ I
i e SR Source: IBM JRD

4) Oxide CMP
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Example: Oxide planarization after CVD of insulator layer

1) Metal stack deposition

: 2) Wire litho/metal RIE
3) Oxide deposition
' : il Source: IBM JRD
L = CMP of SiO, for Planarization

Page:51

- Stops within the oxide
- Hard to control but
- Does not require selectivity

LO1 ©J. w.Bartha2021 TUD INTERNAL USE ONLY!



(L) universimar Left over from SCT1: CMP

DRESDEN

The necessity of CMP on Cu results from the unavailability of Cu — RIE!

Quelle: IBM JRD TiNG

SEM view of Copper Interconnect
(IBM Microglectronics)
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The necessity of CMP on Cu results from the unavailability of Cu — RIE!

Quelle: IBM JRD TiNZ

SEM view of Copper Interconnect
(IBM Microelectronics)

— CMP of Copper must stop at
the oxide surface
=> requires selectivity!
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Platen rotation 10-100 rpm slurry
Velo(,‘ily 10-100¢cm/s down dispense
Down force (applied pressure) 10-50 kPa force

Slurry supply rate 50-500 ml/min

Polish rate 100-1000nm/min  spindle ) ‘
Selectivity 1:1 to 100:] chuck I 3
Uniformity across wafer 10% wafer

Wafer-to-wafer repeatability 10%

slu I’I’y ;j'i A R
Table 16-1 pad 000000 O
CMP tool parameters and process responses. platen

Figure 16-2

Schematic structure of rotary CMP equipment. Wafer is held face down in the spindle chuck.
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DRESDEN

Platen rotation 10-100 rpm slurry
Vel()Cily 10-100¢cm/s down dispense
Down force (applied pressure) 10-50 kPa force

Slurry supply rate 50-500 ml/min

Polish rate 100-1000nm/min  spindle I
Selectivity 1:1 to 100:] chuck 3
Uniformity across wafer 10% wafer

Wafer-to-wafer repeatability 10%

slurry : 2
Table 16-1 pad Jmmm
CMP tool parameters and process responses. platen

Slurry
IS an aquaus suspension that

contains besides abrasive particles
some chemically active additives.

Figure 16-2

Schematic structure of rotary CMP equipment. Wafer is held face down in the spindle chuck.
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http://www.designworldonline.com/articles/1153/9/45nm-and-Beyond.aspx
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http://www.designworldonline.com/articles/1153/9/45nm-and-Beyond.aspx

Conditioner:

Serves to reestablish the
pores in the polish pad to
maintain an effective
polish result.
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http://www.designworldonline.com/articles/1153/9/45nm-and-Beyond.aspx

Conditioner:

Serves to reestablish the
pores in the polish pad to
maintain an effective
polish result.

https://s3-
alliance.com/products/rd-cmp-

poli-500-2/
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Fundamental equation of CMP
by Preston:

R = AH/At = K,P(As/At)

AH = change in the height of the surface
P = pad pressure
K, = Preston coefficient
(As/At) = linear velocity of the pad relative
to the wafer.
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Fundamental equation of CMP
by Preston:

R = AH/At = K,P(As/At)

AH = change in the height of the surface
P = pad pressure
K, = Preston coefficient
(As/At) = linear velocity of the pad relative
to the wafer.

The removal rate is
proportional to (local!)
DownForce (Pressure) and
Velocity (relative velocity
between pad and wafer)
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= 2500
Fundamental equation of CMP % 2000
by Preston: E 1500
g 1000
R=AH/At = K,P(As/At) =

0 2 4 6 s 10
AH = change in the height of the surface Powntorae (Heh

P = pad pressure

https://www.slideserve.com/nola-harrison/tutorial-on-chemical-mechanical-polishing-cmp

K, = Preston coefficient 1000
(As/At) = linear velocity of the pad relative <
to the wafer. g 800 -
c
S 600 [
The removal rate is & e
_ £ 400
proportional to (local!) 3
DownForce (Pressure) and s =
Velocity (relative velocity 0¢ é 1'0 1'5 2'0 =
between pad and wafer) Velocity (cm/sec)

Figure 16-5

Copper polish rate as a function of velocity (15 kPa pressure). Reproduced
from Steigerwald et al. (1997) by permission of John Wiley & Sons, Ltd.
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The planarization effect is a result of the local difference in pressure between UP
(hills in the topography) and DOWN (Valeys in the topography) areas.

metal lines
wafer

& CVD oxide
é slurry

asperities

pad

Figure 16-3

Close-up of CMP set-up: the wafer, upside down, 1s pressed against the
pad with slurry in between. Pad asperities make contact with the wafer.
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wafer {

~ |€&— CVD oxide
B slurry

asperities
hitp:/iwhat-when-how.com/

Figure 16-3

Close-up of CMP set-up: the wafer, upside dogwn, is pragsed against the
pad with slurry in between. Pad asperities make contact wih the wafer.

10 x 10 um Image (z=+ 1 m)

0.80 gkt
e T |
- i ) 3 )
_ I g X L0
Superior MicroPowders, LLC (Albuguerqus, NM)
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wafer {

| €= CVD oxide
B slurry

asperities
hitp:/iwhat-when-how.com/

Figure 16-3

Close-up of CMP set-up: the wafer, upside dogwn, is pragsed against the
pad with slurry in between. Pad asperities make contact wxh the wafer.

10 x 10 um Image (z==+ 1 pm)

Abrasive
particles
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slurry:

Typical |
size: 20 — }
200 nm
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(b)

Fidure 16-7

Planarization: (a) thin conformal depodition, no planarization; (b) thick conformal
deposition, gap filling but no planarizatjon, (c¢) local planarization by spin-on film; |
(d) global planarization by CMP of thick conformal deposition. Real case

Ideal planarization
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The local removal rate depends on the
local pattern density!

o E'E'E A low pattern density causes a high
removal rate!

(v) (The global downforce concentrates at
m only a few contact spots — high local
pressure!)
c)
o EEEm
A \
(d) (d)

Fidure 16-7

Planarization: (a) thin conformal depodition, no planarization; (b) thick conformal

deposition, gap filling but no planarizatjon, (c) local planarization by spin-on film; |
() global planarization by CMP of thick conformal deposition. Real case

Ideal planarization
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For those, who want to learn more about CMP

I recommend the following tutorial of a company supplying

CMP consumables: Cabot Microelectronics
Please click on the section

Qutline

Section 1. Intro to Chip Manufacturing & Design

2 CMP Tools and Process

tion 3: Fundamentals of CMP Slurries

ction 4: Fundamentals of CMP Polishing Pads

ction 5: CMP Challenges

Page:68
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Fundamentals
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& Slurry

Section 1:
Introduction to Chip
Manufacturing & Design

CMC Technical Marketing

9:50 50

Fundamentals
of CMP
& Slurry

Section 4;
Fundamentals of
CMP Polishing Pads

CMC Technical Marketing

Fundamentals
of CMP
& Slurry

Section 2:
CMP Tools and Process

CMC Technical Marketing

8:20 L

Fundamentals
of CMP
& Slurry

Sections 5 & 6:
CMP Challenges

Summarg &
Closing Remarks

CMC Technical Marketing

Fundamentals
of CMP
& Slurry

Section 3
Fundamentals of
CMP Slurries

CMC Technical Marketing
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https://www.youtube.com/watch?v=xQFjcqgGISw
https://www.youtube.com/watch?v=2z4lq-Ms_OU
https://www.youtube.com/watch?v=lWvvKGkFDfk
https://www.youtube.com/watch?v=gg0vlNsBWx0
https://www.youtube.com/watch?v=OP6LP7oALTU
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0. Introduction/Lab organization/DMA/SCT1/Motivation
1. Process integration
1.MOS Structure, MOS Capacitor
2.5tructure of a MOSFET
3.I/V behaviour
2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter to memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET
1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transitors
4.Process sequence of the N-MOS E/D Process
3. Self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology
1.Example: Process flow of E/D SiGate LOCOS Inverter
2.LOCOS Variation
3.Shallow Trench Isolation
3.Lightly doped drain
4.SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming
4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter
1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter
3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations
1.Scaling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts
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