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IndustryAutomotive

Consumer / Medical

ÅLow power

ÅHigh speed

ÅSecure
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- Low power
- Low latency
- Analog
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Combine memorywith computing

Memory Array
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ConventionalMemory hierarchy

Adoptedfrom: Bojan Jovanovic
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ConventionalMemory hierarchy
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The role of Emerging NVM
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Ferroelectricsin general

Â Reversible switching between these two states over external E-Field possible

Â Crystal structure with polar axis contain two stable states

1

2
1 2

No iron involved !

Just similar behavior
like Ferromagnetic
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PerovskiteFE (PZT, SBT,..)
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Dielectric
only

FerroelectricHfO2

cubic
(Fm3m)  er ~ 28

tetragonal
(P42/nmc)  er ~ 35

monoclinic
(P21/c)  er ~ 20

Ą ferroelectricity requires

non-centrosymmetry

temperature / stress / doping / confinement
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FerroelectricHfO2
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The material looksniceΧ

How to build Storage elements
out of it?
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FE Memory deviceconcepts
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ÁNon-destructive readout 

ÁAsymmetric MFIS electrodes              
Ą limited reliability

ÁAlignment with CMOS FEOL            
device process

FE Memory deviceconcepts

Slide 18
T09-1
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ÁNon-destructive readout 

ÁAsymmetric MFIS electrodes              
Ą limited reliability

ÁAlignment with CMOS FEOL            
device process

FE Memory deviceconcepts
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ÁNon-destructive readout 

ÁAsymmetric MFIS electrodes              
Ą limited reliability

ÁAlignment with CMOS FEOL            
device process

FE Memory deviceconcepts

Slide 20
T09-1
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ÅDestructive readout 

ÅSymmetric MFM electrodes              
Ą good reliability

ÅStandard CMOS FEOL device 
process MFM
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Can we combine the good properties?
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ÁNon-destructive readout 

FE Memory deviceconcepts

Slide 21
T09-1

MFM

J

ÅSymmetric MFM electrodes              
Ą good reliability

ÅStandard CMOS FEOL device 
process

J
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Ą Make a BEOL capacitor FeFET
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ÅNon-destructive readout 

FE Memory deviceconcepts

Slide 22
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1T1C BEOL FeFET(MFMIS)

Challenges
Å BEOL ferroelectric device integration        

(thermal budget)
Å Understanding and handling of Floating 

Node
Å Scalability
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FE Memory deviceconcepts

Slide 23
T09-1

1T1C BEOL FeFET(MFMIS)
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FE Memory deviceconcepts
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Integration in Chip Technologies

- - -

-

+

-

+

-

+

+ ++

1T

n+ n+

FeFET

1T

Ą1T cell s ize

ĄNon destructive
read memory

ĄFEOL Integration

ĄDepolarization



WORKSHOP - Sustainable Electronics & International Cooperation On Semiconductors
Konrad Seidel, Fraunhofer IPMS

Integration in Chip Technologies

Project StorAIge

ĄBEOL storage integration
for Edge-AI application
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Fraunhofer IPMS Ɖ
Center NanoelectronicTechnologies (CNT)

WET Logistics

VPD Metrology Litho

Thin Films Etch

ÁFully industry standard CMOS 
cleanroom

Á~2700 m² used CR and lab area 

ÁMore than 80 tools for 300mm 
processing and metrology 
installed

ÁISO9001:2015 certification
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Spintronic Ferroelectric/ RRAM

+ manymore tools (electrodes, patterning, cleaningΣΧύ

Fraunhofer IPMS Ɖ
Center NanoelectronicTechnologies (CNT)
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Ferroelectric characterization portfolio

Various material exchange options

TKD Analysis

Phys. Char

Acceleration!


