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Data retention performance of 0.13-um F-RAM
memory

Abstract

F-RAM (Ferroelectric random access memory) is a non-volatile memory that uses a ferroelectric capacitor for
storing data. It offers higher write speeds over flash/EEPROM.

This white paper provides a brief overview of data retention performance of F-RAM memory.
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1 Introduction

This document provides details on the data retention specifications of AEC-Q100 Grade 3, Grade 2, and Grade 1
(0.13-pum) F-RAM memory products. If operated within the product specification and with 2T2C cell structure, F-
RAM has theoretically unlimited Same State (SS) data retention and limited Opposite State (OS) data retention.
The prediction of OS retention time of 0.13-um F-RAM memory products is based on the reliability test results
after extended bakes and the activation energy (Ea) of 1.4 eV. This white paper provides a method to calculate
the OS data retention life time for customized temperature profiles.
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2 F-RAM retention lifetime

A primary measure of reliability of F-RAM is the retention lifetime of a capacitor cell that has been previously
stored in a polarization state for an extended time, and then written to the opposite polarization state. This
type of retention is known as Opposite State (OS) retention. The effect of imprint makes the previously stored
state, or Same State (SS), more stable with a longer store time. Therefore, F-RAM has an unlimited SS retention
life within the specified temperature range.

This white paper focuses on the OS retention performance, as specified in F-RAM product datasheets. The OS
retention is often specified as an amount of time the F-RAM device can hold user data at a given constant
temperature. Thus, the OS retention (time) specification of AEC-Q100 Grade 3, Grade 2, and Grade 1 F-RAM
products for constant temperature profiles are given along with a cumulative scenario of multiple temperature
profiles over the life of the product.
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3 AEC-Q100 Grade 3 (Automotive-A) F-RAM OS retention

Based on accelerated and extended stress experimental results and Ea of 1.4 eV, 10 years of OS retention at 85
°Cis guaranteed. The OS retention time at various temperatures are calculated as shown in Figure 1. The OS
retention increases exponentially as temperature decreases. For example, it is 38 years at 75 °C and >100 years
at 65 °C. Below 65 °C, the OS retention is virtually unlimited.
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Figure 1 OS retention time of Automotive Grade 3 F-RAM at various temperatures
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4 AEC-Q100 Grade 2 F-RAM OS retention

Based on accelerated and extended stress experimental results and Ea of 1.4 eV, 5 years or 43,800 hours of OS
retention at 105 °C is guaranteed. The OS retention time at various temperatures are calculated as shown in
Figure 2. This specification can be converted to more common temperatures. For example, it is equivalent to
43,000 hours at 105 °C plus 64 years at 55 °C. The life time prediction for specific application temperature

profiles will be discussed in a later section.
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5 AEC-Q100 Grade 1 (Automotive-E) F-RAM OS retention

The accelerated and extended stress experimental results suggest that the OS retention time of Grade 1 F-RAM
products is >11,163 hours at 125 °C. This result supports the specification of 11,000 hours (~1.25 years) at 125
°C. The specified OS retention time at various temperatures within the specified temperature range (-40 °C to
125 °C) are calculated as shown in Figure 3. The specification can be converted to other temperature profiles.

The life time prediction of specific application temperature profiles is illustrated in the next section.
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Figure 3 OS retention time of Automotive Grade 1 F-RAM at various temperatures
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6 OS retention life prediction for customized temperature
profiles

Most of the previous sections focused on the OS data retention specification of AEC-Q100 Grade 1, Grade 2, or
Grade 3 F-RAM at a fixed temperature. However, it is rare for an application to actually operate under a steady
temperature for the entire usage life time of the application. Instead, an application is often expected to
operate in multiple temperature environments throughout the application’s usage life time. Accordingly, the
retention specification for F-RAM in applications often needs to be calculated cumulatively.

For example: Assuming an application uses Grade 1 F-RAM at different temperature profiles over the following
usage life time:

Temperature 1 =125 °C for 10% of time (t1)
Temperature 2 = 105 °C for 15% of time (t2)
Temperature 3 =85 °C for 25% of time (t3)
Temperature 4 =55 °C for 50% of time (t4)

Following the Arrhenius equation, the acceleration factor A between T and Tmax is:

Ea (1 1
a=—D _ Bt
L(Tmax)
Where ‘k’ is the Boltzmann constant 8.617 x10° eV/K, ‘Tmax’ is the highest temperature specified for the F-RAM
product, and ‘T’ is any temperature within the F-RAM product specification. All temperatures are in kelvin (K) in

the above equation. The acceleration factors are calculated and listed in Table 1.

Table1 Acceleration factors
Temperature Time factor | Acceleration factor Profile factor Profile life time
w.r.t Tmax
(T) (t) (A) (P) L(P)
T1=125°C t1=0.1 Al=1 p= 1 L(P) = P X L(Tmax)
Ttl t2 t3 t4
T2=105°C t2=0.15 A2 =8.67 H+E+E+M
=10.46 years
T3=85°C t3=0.25 A3=95.68
T4=55°C t4=0.5 A4 = 6074.80 =833
The Profile factor P is determined by:
_ 1
Pt o B v

AlTA2 A3t A4

The OS retention life time prediction of a temperature profile, L(P), is given by:
L(P) = P X L(Tmax)

Where L(Tmax) is the specified OS retention time 11,000 hours at 125 °C. The calculation process and results are
listed in Table 1. It can be observed that the life time of a profile is dominated by the highest usage
temperature and its time factor. Note that in the calculation, T is equal to or lower than Tmax. Itis
mathematically correct to use in equations when T > Tmax, and T < Tmin; however, Infineon does not
guarantee the parts working properly when T is out of the temperature specifications.
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7 Summary

Table 2 summarizes the Tmax, the OS retention life time specification at Tmax i.e., L(Tmax), and OS retention
life time calculation of a general temperature profile.

Table 2 Summary of OS retention
F-RAM product Tmax OS retention at OS retention life time of temperature
Tmax profile determined by customers
Grade 1 125°C 11,000 hours
Grade 2 105°C 5years pP= é ., L(P) =P x L(Tmax)
A
Grade 3 85°C 10 years

www.infineon.com 90f10 03-2022


http://www.infineon.com/

Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

Published by
Infineon Technologies AG
81726 Munich, Germany

© 2022 Infineon Technologies AG.
All Rights Reserved.

Do you have a question about this
document?

Go to www.infineon.com/support

Document reference
001-88041 Rev. *C

IMPORTANT NOTICE

This document is for information purposes only
and any information given herein shall in no
event be regarded as a warranty, guarantee or
description of any functionality, conditions
and/or quality of our products or any suitability
for a particular purpose. With regard to the
technical specifications of our products, we
kindly ask you to refer to the relevant product
data sheets provided by us. Our customers and
their technical departments are required to
evaluate the suitability of our products for the
intended application.

We reserve the right to change this document
and/or the information given herein at any time.

Additional information

For further information on technologies, our
products, the application of our products,
delivery terms and conditions and/or prices
please contact your nearest Infineon
Technologies office (www.infineon.com).

Warnings

Due to technical requirements, our products
may contain dangerous substances. For
information on the types in question please
contact your nearest Infineon Technologies
office.

Except as otherwise explicitly approved by us in
a written document signed by authorized
representatives of Infineon Technologies, our
products may not be used in any life
endangering applications, including but not
limited to medical, nuclear, military, life critical
or any other applications where a failure of the
product or any consequences of the use thereof
can result in personal injury.


http://www.infineon.com/support

	Abstract
	Table of contents
	1 Introduction
	2 F-RAM retention lifetime
	3 AEC-Q100 Grade 3 (Automotive-A) F-RAM OS retention
	4 AEC-Q100 Grade 2 F-RAM OS retention
	5 AEC-Q100 Grade 1 (Automotive-E) F-RAM OS retention
	6 OS retention life prediction for customized temperature profiles
	7 Summary

