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Memory device

Introduction

Random Access Memory 

– RAM, DRAM and NV Memories

– Trends and limits

Some real FRAM devices

– Early stage

– Recent development
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Memory device

RAM

RAM – Random Access Memory:

Time to access a datum (nearly) independent of where the 

information (bit – binary digit) is physically stored.

Different from sequential devices:

tape drives, floppy/hard disks, …

Two types of RAMs in every day life

– SRAM: Static RAM – fast, stable, 4T-6T

– DRAM: Dynamic RAM – slower, unstable, 1T

Memory device

Non-volatile memory

NV (Non-volatile) Memory

– Information kept after power off

– EEPROM, Flash Memory, FRAM, MRAM, …

Applications

– Stand alone memory chips

To replace stand alone DRAMs and SRAMs

– Embedded memories (e.g. system-on-chip)
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Memory device

Trends and limits

International Technology Roadmap for 

Semiconductors  (ITRS)

First published as National Technology Roadmap of Semiconductors by 

Semiconductor Industry Association (SIA) in 1993:
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ITRS 2013 for NVM 2013-2028

2013 2028

Memory device

Memory classification

− FRAM

− MRAM

− PRAM
(OUM)

− RRAM

− Nano-dots

− Molecular
& CNT

ROM

Matrix based memory

RAM

Write many Write onceNon-volatileVolatile

− DRAM

− SRAM

− EPROM

− EEPROM

− Flash

− PROM

− Masked

− WORM
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FRAM – devices

Toshiba, 2007

FRAM – devices

Panasonic, 2003

In January 2008, Japanese Railway announced  all across Japan, the standard JR

E-Tickets, E-Purses and credit cards are to use FRAM card (Panasonic 0.18mm).
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FRAM – devices

A 256kb FRAM, which consists of 

four 64Kb arrays.  Peripheral 

circuits locate at the left and right 

sides of the chip. 

(1T/1C, Y1, Matsushita, 1995)

 

A 128Kb FRAM array.

(2T/2C, SBT, NEC, 2000) A 32 Mb FRAM array. 

(1T/1C, PZT, Samsung, 2002)

Early examples

FRAM – devices

Recent development

Texas Instrument, 2003

64Mb, 0.25mm, PZT

(0.09mm in progress)

Panasonic, 2003

8Kb, 0.18mm, SBT, SoC (Embedded)

Samsung, 2008

64Mb, 0.18mm, PZT

Toshiba, 2007

64Mb, 0.13mm, PZT

Chain memory



07/02/2016

7

Ferroelectrics

Materials

Material behaviours

– Polarization and domains 

– Characterization – hysteresis

Lead Ziconate Titanate (PZT)

– Microscopic vs Macroscopic

Ferroelectrics

PbZr1-xTixO3  (PZT)

-4 -2 0 2 4

-40

-20

0

20

40

 

 

031106-C, 150nm

100mmx100mm

P  (mC cm
-2
)

V  (V)

Bi-stable states  1 bit (“0” or “1”)



07/02/2016

8

Ferroelectrics

Polarisation domain

V

1 mm

Ferroelectrics

Polarisation domain
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Pr – Remnant polarization
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FRAM – memory cell

Charge vs Field

P

s

V

• Field approach

PE

PAQ 

• Charge approach

FRAM – memory cell

Two approaches for Read-Out

Charge approach

– F-cap  1T/1C cell, …

– WRITE and READ

– Structure and Fabrication Process

Field approach

– FFET

– Cell, Structure and Operation
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FRAM – memory cell

A DRAM cell

Read:

Drive Word Line (WL)

Sense value on Bit Line (BL)

(saved value destroyed)

Write:

Drive WL

Drive new value on BL

FRAM – memory cell

A 1T/1C FRAM cell – configuration
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FRAM – memory cell

A 1T/1C FRAM cell – WRITE operation

: VTH,n+Vcc

: 0

: 0 - Vcc

- Vcc

FRAM – memory cell

A 1T/1C FRAM cell – READ operation
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FRAM – memory cell

Fabrication process

FRAM – memory cell

Stacked architecture

32Mb, 0.25mm 

Samsung, 2002
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FRAM – memory cell

Chain memory

Kunishima, Toshiba, 2007

FRAM – memory cell

Ferroelectric FET
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FRAM – memory cell

Ferroelectric FET

- the metal-semiconductor work function difference;

The threshold voltage, 
THV ,  is:
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where MS

BV - the effective bulk charge voltage;

(For p-type bulk:                                                        )
FBsAB cqNV /)4( 2/1

0

is - the surface charge density at the interface between 

ferroelectrics and semiconductor;

Ps - the effective polarization charge density of the 

ferroelectrics;

Fc - the ferroelectric capacitance per unit area.

FRAM – some related issues

Challenges

Issues

• Scaling down

• Reliability

• Low voltage 

operation

Technical

• Stacked capacitor

• 3D

• FFET

• Hydrogen proof

• Thinner films

Fundamental

• Increase Pr

• Interface states

• Fatigue free

• Imprint

• Retention

• Lower Ec

• Low leakage
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FRAM – some related issues

Stacked capacitor

FRAM – some related issues

FRAM scaling 

Year            2005       2006      2007      2008      2009      2010       2011      2012
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FRAM – some related issues

3D capacitor

TI: 3D when <90nm

FRAM – some related issues

Fundamental size limit?

Operation down to 90nmx90nm checked.
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FRAM – some related issues

Polarization fatigue

Mitsushita, 256Kb, 1T/1C, SBT

Now the switch endurance of FRAM cells with PZT can reach 1015 cycles.

FRAM – some related issues

Enclosed hydrogen barrier
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FRAM – some related issues

Retention

FRAM – some related issues

Failure time

Failure time vs temperature measured on a 256kb 1T/1C FRAM

 life time
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FRAM – some related issues

Thinner films

15nm
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FRAM – some related issues

Possible restraint on low voltage operation

PRL 84, 175 (2000)

P(VDF-TrFE) (x/y)
6V@10nm

9V@100nm

10V@200nm

#1
#3(70/30)

(70/30)

(65/35) (75/25)

Our Spun Films

• It seems that decreasing the thickness of a P(VDF-TrFE) film from 100nm to 10nm only 

leads to a reduction of operating voltage from 9V to 6V!
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FRAM – some related issues

Leakage current path

Topography Leakage current

Leakage current along grain boundaries

(C9905-01, 60nm PZT on Ir)

FRAM – status and roadmap

Highest density : 64Mb Smallest cell size : 15 F2 Lowest Voltage : 1.1V

Fastest access : 15 nsec Most advanced technology :  0.13mm, 5ML Cu/FSG

Material :  PZT (4), SBT(1), BLT (1)

D.Wouters IMEC
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FRAM – status and roadmap

ITRS 2013

FRAM – status and roadmap

ITRS 2013


