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HWK – Workshop
„Microelectronics meets Catalysis:

Innovative Oxide Materials“

Summer 2001

Welcome...

Thomas Schroeder

IHP – Microelectronics / Frankfurt (Oder) / Germany
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On the role of dielectrics in Si-based Micro- and 
Nanoelectronics

• Future of Si-based integrated circuitry

Scaling: from microelectronics to Si-based nanoelectro nics

• Impact on dielectric layer systems in future device s 

Replacing SiO 2 by alternative high- and low-k dielectrics

• Microelectronics meets Catalysis

Where can we learn from each other...?
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last 30 years:

Microelectronics

next 15 years:

100 – 10 nm

Nanotechnology

beyond that horizon:

< 10 nm

Nanoscience

The roadmap for Si-based Micro- and Nanotechnology
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On the role of dielectrics in Si-based Micro- and 
Nanoelectronics

• Future of Si-based integrated circuitry

Scaling: from microelectronics to Si-based nanoelectro nics...

• Impact on dielectric layer systems in future device s 

Replacing SiO 2 by alternative high- and low-k dielectrics...

• Microelectronics meets Catalysis

Where can we learn from each other...?
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Impact of Scaling on Dielectrics in Integrated Circ uitry:
The end of the road for SiO 2....

MOSFET-Transistor

Volatile Memories  

3 D - DRAM

Nonvolatile
Memories

FLash cells

Scaling Limit :
SiO2 is running out of atoms

direct tunneling results
in unacceptably high 

leakage currents

Scaling:
Thinning out the dielectric
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„Gift of nature“ : SiO 2 / Si(001)

Si is the semiconductor of choice in technology not due
its semiconducting properties but because its thermal oxi de (SiO2)

forms a stable insulator – semiconductor interface

Chemical Inertness (equilibrated acid – basis chemis try )

Thermal stability in contact with Si (up to 1050°C / 30  sec) 

Good microprocessing (selective dry / wet etching etc.)

Excellent electric quality ( leakage currents, defects,  breakdown )

Replacing SiO 2 by alternative dielectrics is a tremendous 
challenge.... 
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Some examples of dielectrics in device applications...

Logic devices:

Research Focus: 

Low Power

High Speed
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Logic devices:

Gate oxides
(CMOS)

Interlayer dielectrics
(CMOS, Bipolar)

Silicon-on-Insulator
(CMOS, Bipolar)

Schematic view of MOSFET

Some examples of dielectrics in device applications...

Ci = k A / d 

ID ~  Ci / L

Figure of Merrit: Drain Current I D

L : channel length
C : capacitance 
d : dielectric thickness
A : area
k : dielectric constant 
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Source: Intel Corporation

Logic devices:

Gate oxides
(CMOS)

Interlayer dielectrics
(CMOS, Bipolar)

Silicon-on-Insulator
(CMOS, Bipolar)

~ 1.2 nm

Some examples of dielectrics in device applications...
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Some examples of device applications

Logic devices:

Gate oxides
(CMOS)

Interlayer dielectrics
(CMOS, Bipolar)

Silicon-on-Insulator
(CMOS, Bipolar)

Source: Intel Corporation
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Logic devices:

Gate oxides
(CMOS)

Interlayer dielectrics
(CMOS, Bipolar)

Silicon-on-Insulator
(CMOS, Bipolar)

MOSFET

Some examples of dielectrics in device applications...
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Logic devices:

Gate oxides
(CMOS)

Interlayer dielectrics
(CMOS, Bipolar)

Silicon-on-Insulator
(CMOS, Bipolar)

Some examples of dielectrics in device applications...
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Logic devices:

Gate oxides
(CMOS)

Interlayer dielectrics
(CMOS, Bipolar)

Silicon-on-Insulator
(CMOS, Bipolar)

Porous instead of fully densified materials

Some examples of dielectrics in device applications...

Low-k carbon 
doped oxide (CDO)
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Memory devices:

Research Focus: 

“Universal Memory Cell”

Some examples of dielectrics in device applications...
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Memory devices:

Ferroelectrics for FeRAM

Tunnel Barriers for MRAM

High-k layers for 
DRAM and SRAM

Dielectrics for PC-RAM

Dielectric Films for 
FLASH and SONOS

�������
���		
��

�

 �

�
 � � �

�
��������

�

 �

�
 � � �

�� � 
 �

�

 �

	�����
�����

�
��������

����������
������ ����
��������

DT + FN 
tunneling

SONOS MANOS

Metal Al2O3 Nitride Oxide Semiconductor

high-k dielectrics to reduce voltage drop 

Some examples of dielectrics in device applications...
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Memory devices:

Ferroelectrics for FeRAM

Tunnel Barriers for MRAM

High-k layers for 
DRAM and SRAM

Dielectrics for PC-RAM

Dielectric Films for 
FLASH and SONOS

Challenge:

High density and size uniformity  

Some examples of dielectrics in device applications...

Use nanoclusters (NC`s)
instead of continuous 

trapping layers: 
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Memory devices:

Ferroelectrics for FeRAM

Tunnel Barriers for MRAM

High-k layers for 
DRAM and SRAM

Dielectrics for PC-RAM

Dielectric Films for 
FLASH and SONOS

Some examples of dielectrics in device applications...

Porous materials as templates 
for NC growth

S. Tang et al., IEDM 2005
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Memory devices:

Ferroelectrics for FeRAM

Tunnel Barriers for MRAM

High-k layers for 
DRAM and SRAM

Dielectrics for PC-RAM

Dielectric Films for 
FLASH and SONOS

Some examples of dielectrics in device applications...

High density and sharp size distribution
of NC`s on tunnel oxide…

S. Tang et al., IEDM 2005
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Source: Infineon

DRAMMemory devices:

Ferroelectrics for FeRAM

Tunnel Barriers for MRAM

High-k layers for 
DRAM

Dielectrics for PC-RAM

Dielectric Films for 
FLASH and SONOS

high-k dielectrics with low leakage currents

Some examples of dielectrics in device applications...

3D capacitor architectures for 
high-density DRAM chips….
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On the role of dielectrics in Si-based Micro- and 
Nanoelectronics

• Future of Si-based integrated circuitry

Scaling: from microelectronics to Si-based nanoelectro nics...

• Impact on dielectric layer systems in future device s 

Replacing SiO 2 by alternative high- and low-k dielectrics...

• Microelectronics meets Catalysis

Where can we learn from each other...?
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Microelectronics:

„Microelectronics meets Catalysis“: 
Where can we learn from each other...

Catalysis:

Solid State Physics of Films and Clusters 

Substrate
Film

growth,
epitaxy,

NC 

Model catalyst 
studies

M. Bäumer et al, Uni Bremen

electric behavior,
theory

etc.

Materials evaluation
studies 

U. Gösele et al, MPI Halle
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Microelectronics:

„Microelectronics meets Catalysis“: 
Where can we learn from each other...

Catalysis:

Porous Materials

Immobilization of 
catalysts (enzymes)

X.S.Zhao, University of Singapore

Low-k interlayer 
dielectrics 

MOSFET

B.D. Hutton, University of Toronto
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oxide supported 
metal catalysts

H.-J. Freund et al., FHI Berlin

Microelectronics:

„Microelectronics meets Catalysis“: 
Where can we learn from each other...

Catalysis:

Supported Nanocrystals

non-volatile 
NC memory 

R. Bez et al. , ST Microelectronics
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Thanks for your attention

...and enjoy the Workshop !

HWK – Workshop
„Microelectronics meets Catalysis:

Innovative Oxide Materials“


