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IntroductionThis module will give you a quick overview of an exciting new memory technology from Texas Instruments. Although FRAM is not currently available in the Value-Line parts, it is shipping in other MSP430 devices
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FRAM 

-

The Next Generation Memory

u

Why is there a need for a new memory technology? 

•

Address 21

st

century macro trends 

–

Wireless, Low Power, 

Security

•

Drive new applications in our highly networked world (Energy 

Harvesting)

•

Improve time to market & lower total cost of ownership 

(Universal memory)

u

What are the requirements for a new memory 

technology? 

•

Lower power consumption

•

Faster Access speeds

•

Higher Write Endurance

•

Higher inherent security

•

Lower total solution cost

Not currently available in Value

-

Line parts
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FRAM 

–

Technology Attributes

u

Non

-

Volatile 

–

retains data without power

u

Fast Write / Update

–

RAM like performance. 

Up to ~ 50ns/byte access times today 

(> 

1000x 

faster than Flash/EEPROM)

u

Low Power

-

Needs 1.5V to write compared to 

> 10

-

14V for Flash/EEPROM 

à

no charge 

pump

u

Superior Data Reliability

-

‘Write Guarantee’ in 

case of power loss and > 100 Trillion 

read/write cycles

Automotive F

-

RAM  Memory

Photo: forums.wow

-

europe.com
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u

Data logging, remote sensor applications 

(High Write endurance, Fast writes)

u

Digital rights management 

(High Write Endurance 

–

need >10M write cycles)

u

Battery powered consumer/mobile electronics 

(low power)

u

Energy harvesting, especially wireless 

(Low Power & Fast Memory Access, especially Writes)

u

Battery Backed SRAM Replacement 

(Non

-

Volatility, High Write Endurance, Low power, Fast 

Writes)

Target Applications
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Understanding FRAM Technology

WRITE: Apply voltage to 

plate line (write ‘0’) or 

bit line (write ‘1’)

Bit line

Plate line

Large Induced

Charge (Q)

Programming Data to FRAM

Bit line

Plate line

No dipole flip

Small Induced

Charge (Q)

Reading Data from FRAM

Dipole

Flip

Ferroelectric

Capacitor

READ: Apply a voltage to the 

plate line, sense the induced 

charge on the bit line

Sm Q = “0” bit

Lg Q = “1” bit 
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All

-

in

-

one: FRAM MCU Delivers Max Benefits

FRAM

SRAM

EEPROM

Flash

Non

-

volatile 

Retains data without 

power

Write speeds

Average active 

Power 

[µA/MHz] 

Write endurance 

Dynamic

Bit

-

wise programmable

Unified memory

Flexible code  and data 

partitioning 

Yes

Yes

Yes

No

10ms

2secs

<10ms

1 sec

50mA+

<60

110

230

10,000

100,000

Unlimited

100 

Trillion+

Yes

Yes

No

No

Yes

No

No

No

Data is representative of embedded memory performance within 

device
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FRAM Controller (FRCTL)

Functions of FRCTL:

u

FRAM reads and writes like 

standard RAM (but)

u

Read/Write frequency 

<

8MHz

u

For MCLK > 8MHz, wait states 

activated

u

Manual or automatic

u

Seamless and transparent 

integration of cache 

u

Error checking and correction 

(ECC) built into FRAM read/write 

cycle
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FRAM and the Cache

u

Built

-

in 2 way 4

-

word cache; transparent to the user, always enabled 

u

Cache helps:

u

Lower power by executing from SRAM

u

Increase throughput overcoming the 8MHz limit set for FRAM accesses

u

Increase endurance specifically for frequently accessed FRAM locations e.g. 

short loops (JMP$)

Active Power Vs MCLK 

0

0.5

1

1.5

2

2.5

3

3.5

4

1

4

8

16

20

24

MCLK (MHz)

Active Power (uA)

RAM / 100% Cache Hit

75% Cache Hit

Typical/ 66% Cache Hit

50% Cache Hit

0% Cache Hit

75


image9.wmf
Unified Memory

One device supporting multiple 

options “slide the bar as 

needed”

Multiple device variants may be required

•

Easier, simpler inventory 

management

•

Lower cost of issuance / 

ownership

•

Faster time to market for 

memory modifications

Before FRAM

With FRAM

To get more SRAM you may have 

to buy more FLASH ROM

1kB 

EEPROM

Often an 

additional

chip

is needed

14kB Flash

2kB 

SRAM

16kB Flash 

(Program) 

2kB 

SRAM

24kB Flash

5kB 

SRAM

16kB Universal  FRAM 

Data vs. program memory

partitioned  as needed
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Setting Up Code and Data Memory

u

Case 1: all global variables are assigned to FRAM

u

Advantage: All variables are non

-

volatile, no special handling 

required for backing up specific data

u

Disadvantage: Uses up code space, increased power, 

decreased throughput if MCLK > 8MHz

u

Case 2: all global variables are assigned to SRAM

u

Advantage: Some variables may need to be volatile e.g. 

state machine, frequently used variables do not cause a 

throughput, power impact

u

Disadvantage: User has to explicitly define segments to 

place variables in FRAM

u

Achieving an optimized user experience is a work 

in progress…
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Memory Protection Unit (MPU)

u

FRAM is so easy to write to…

u

Both code and non

-

volatile data need protection

u

MPU protects against accidental writes [read, write 

and execute only permissions]

u

Features include:

u

Configuration of main memory in three variable sized 

segments

u

Independent access rights for each segment 

u

MPU registers are password protected
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Maximizing FRAM Write Speed

u

FRAM Write Speeds are mainly limited by communication 

protocol or data handling overhead, etc.

u

For in

-

system writes FRAM can be written to as fast as 

16MBps

u

The write speed is directly dependent on:

u

DMA usage

u

System speed

u

Block size
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2

32

64

128

256

512

1024

4096

8192

No. of bytes in one block DMA transfer

Write Speed Vs CPU Clock

8MHz

16MHz

24MHz

Refer to Application 

Report titled “Maximizing 

FRAM Write Speed on 

the MSP430FR573x” 
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•

Case Example: MSP430FR5739 vs. MSP430F2274

•

Both devices use System clock = 8MHz

•

Maximum Speed FRAM = 

1.4MBps 

[100x faster]

•

Maximum Speed Flash = 13kBps

FRAM = Ultra

-

Fast Writes

1,400kBps

13kBps

Max. Throughput:
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•

Use Case Example: MSP430FR5739 vs. MSP430F2274

•

Both devices write to NV memory @ 13kBps

•

FRAM remains in standby for 99% of the time

•

Power savings: >200x of flash

FRAM = Low Active Write Duty Cycle

Consumption @ 13kBps:

9

µ

A

2,200

µ

A
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82

•

Use Case Example: MSP430FR5739 vs. MSP430F2274 

•

Average power FRAM = 720

µA @

1400kBps

•

Average power Flash = 2200µA 

@ 

13kBps 

•

100 times faster using half the power

•

Enables more unique energy sources

•

FRAM = Non

-

blocking writes 

•

CPU is not held

•

Interrupts allowed

FRAM = Ultra

-

Low Power
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•

Use Case Example: MSP430FR5739 vs. EEPROM

•

Many systems require a backup procedure on power fail

•

FRAM IP has built

-

in circuitry to complete the current 4 word write

•

Supported by internal FRAM LDO & Capacitor

•

In

-

system backup is an order of magnitude faster with FRAM

+

Source: EE Times Europe, An Engineer’s Guide to FRAM by Duncan Bennett

Write comparison during power fail events

+

FRAM = Increased Flexibility
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•

Use Case Example: MSP430FR5739 vs. MSP430F2274

•

FRAM Endurance >= 100 Trillion [10^14]

•

Flash Endurance < 100,000 [10^5]

•

Comparison: write to a 512 byte memory block @ a speed of 12kBps

•

Flash = 6 minutes

•

FRAM = 100+ years

FRAM = High Endurance

114,000

years

[min]
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What about Reflow? 

u

TI factory programming is not available for the MSP430FR57xx devices

u

Customer and CMs should program after reflow or other soldering 

activity

u

TI will provide reference documentation that should be followed during 

reflow soldering activity 

u

Hand soldering is not recommended. However it can be achieved by 

following the guidelines

ü

Be mindful of temperature: FRAM can be effected above 260 deg 

C for long periods of time

ü

Using a socket to connect to evaluation board during prototyping 

is also a best practice
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FRAM: Proven, Reliable

u

Endurance

u

Proven data retention 

to 10 years @ 85

°

C

u

Less vulnerable to attacks

u

Fast access/write times

u

Radiation resistance

u

Terrestrial Soft Error Rate 

(SER) is below detection limits

u

Immune to magnetic fields

u

FRAM does not contain iron

www.ti.com/fram

For more info on 

TI’s FRAM technology 
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Agenda

Introduction to Value Line

Code Composer Studio

Initialization and GPIO

Analog

-

to

-

Digital Converter

Interrupts and the Timer

Low

-

Power Optimization

Serial Communications

Grace

FRAM

Optional: Capacitive Touch

68


