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What is FRAM? FUJITSU

FRAM = Ferroelectric Random Access Memory
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How FRAM works? FUjITSU

" FRAMis a Nonvolatile Memory, |
| thatincorporates ferroelectric film as a capacitor to hold data. |
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(1) Polarization occurs when an electric field is applied.
(Zr/Ti atoms move upward or downward in the crystal)

(2) Electric polarization remains even in the absence of an applied electric field.
(3)Two stabilized states are stored in the form of “0” & ”1” data. => Nonvolatile storage cell
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FRAM Advantage FUJITSU

Fast Rewriting Time

Infinite Rewritable (1000 Billion)

Low Power Consumption

Strong for the Radiation

Eco-friendly Memory

High Tamper Resistance
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How frequently FRAM can read/write? FUJITSU

H read- wrlte(msec Endurance How many years you can use?

634 years
476 years
317 years
159 years
32 years

1,000,000,000,000
times

10 years

300000 = 5 mini 10 years
2000 0.06 years
1500 1,000,000 0.05 years
1000 0.03 years
0.02 years
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Advantages comprare to EEPROM FUjiTSU

40,000 times 1 million times |-1/1,ooo lower
Faster writing longer endurance | | power consumption
[s661 [Tiges]

1073 10

1(Q—EEPROM  FRAM 100 EEPROM  FRAM 0.1 EEPROM  FRAM

v'Saves Crucial system v foers virtually unlimited +Operates without

in the real time and write endurance High voltage,

protect data loss from v'Developing higher enabling low power

sudden power down endurance consumption

1 trillion--> 10 trillion
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How fast can FRAM write? FUjiTsu
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Comparison between FRAM and other memory

Type of Memory

Data write

Write Cycle time

Endurance

Operation
Current(Max)
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FRAM

Nonvolatile

Overwrite

150ns

>1012

10uA

E2PROM

Nonvolatile

Erase + write

15ms

<10¢

SmA

FLASH

Nonvolatile

Erase + write

6us

<10¢

30mA

o0
FUJITSU

SRAM

Volatile

Overwrite

40ns

8mA



2000 2002 2004 2006 2008 2010
Foundry

Transportation |
~ Money C
Authentication © (CoptAntitampen
AN Car Accessory (Robust reliability)
Industrial automation (RF, Data integrity, High temperature)
T Medical (Data integrity, High density)
Meter (Data integrity, RF, Anti-tamper)

Energy harvest (Low po_
Medical RFID (RF, y-radiation)
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Applications FRAM standalone memory usedsujitsu
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Isolation Circuit Equi 2
Circuit Breaker quipment CNC
ireul Robot

Thermostat Invertor Motor control

ATM

[T |O= o

Car Navigation Slot Machine

i Gaming Machine Radio '
| Security

o Transceiver
Renewable Energy Communication module Camera
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Power Meter FUjITSU
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Write log || * Abnormal event or Brown out

Global Meter customer Power
list: EEPROM Write time = 10ms_
*“Itron” -5G- MB85RC16 FRAM _ Write time = 150ns

« “IUSA” -USA- MB85RC64
“Li " -Chi MB85RC16 v Why FRAM?
nyang- -Lhina -Store crucial data in FRAM. Protect Data loss from
*"Sanxing” -China- MB85RC64 sudden power down.

- “Holley” -China- MB85RC64 v *FRAM enable per 0.3ms access frequency@ 10yrs

More than “30M pcs” FRAM shipped
for power meter application.
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Industrial Automation FUJiTSU
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ist: v'Why FRAM?
Global customer list: Why FRAM?
- To keep fine data log just before abnormal

“ABB"” -Swiss- MB85RS128B circuit breakers event.
“Emerson” -U.S.- MB85RS256B motion controller o TO keep Iong battery Ilfe and perform under
“Rockwell” -U.S.- MB85RS256B inverter strict power consumption. Also suitable for
“Yokogawa” -Japan- MB85RS256A flow meter wireless models.
“Krohne” -Germany- MB85RS64 flow meter * Explosion proof

FRAM doesn’t use a pumping circuit, differing
from EEPROM/Flash ROM

In such critical industrial environment,

FRAM is the best choice for design
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ATM/POS/Currency acceptor FUJiTSU
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Global customer list: —,/' vWhy FRAM?

“Ttautec” -Brazil- MB85RS256A ATM ‘With fast read/write cycle,
“ERF A" -China- MBS5RC64 POS even the last transaction data
“AIEE" -China- MB85RC64 POS will safely be recorded in case

“Fujitsu frontech” -Japan- MB85RC16 ATM Of Sudden power Ioss_
“Takamizawa cyber” -Japan- MB85R4001A
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Can take fine log. Almost

We have worldwide customers for this application.
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Green energy FUjiTSU
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COLCOAT CO.,LTD.
HITACHI

Inspire the Next
I

.lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"

EEEEEEEEENN
" ’
4gmumnmnmnns®

Global customer list:

“Colcoat” -Japan- MB85R256F solar equipment
“Hitachi” -Japan- MB85R1002A/4002A wind electricity
“Eaton” -Taiwan- MB85RC04V PV inverter

vWhy FRAM?

Store frequent data such as calibration parameters, cumulative power data..etc.

Protect Data loss from sudden power down with higher read/write cycle.
Battery-free, environmentally friendly

FRAM is key elements for Green energy.
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FRAM product line FUJITSU
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FRAM Roadmap: I12C interface FUjITSU

]A50f Apr. 2013

NRND s Plan Mass

Production

Serial IIC
CY2014

oY N N o T N o R N o
y P/an(18:—36l/ 34MHz)

/  Plan (1.8 —3.6V, 34MHz)

/ Under Study, ( +RTC, l/DD ->TBD) in 2014 -2015
MBB5RC256V  ( 2 7 —5.5V, 1MHz )

MBSSRC128A (27 3.6V, 1MHz)

* MB85RC128 NRND, but no plan to FOL (2.7 3.6V, 400kHz) -> MBSSRC128A |

Under Study, ( +RTC, I/DD ->TBD) in 201 4 -2015
MBSSRC64V (3. 0 5.5V, 1MHz )
MBSSRC64A (2. 7 3.6V, 1MHZ )

MBSSRC64 NRND, but n plan to EOL (2.7 — 3.6V, 400kHz) = MBSSRC64A

MBSSRC16V (3. 0 5.5V, 1MHz)
MB85RC16 (27 3.6V, 1MHz)

MBSSRC04V ( 3.0 =55V, 1MHZ )
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FRAM Roadmap: SPI interface FUjITSU

m Under Plan Mass
Study ES Production . . .
Serial SPI * Plans are subject to change without notice.
CY2013 CY2014
Q1 Q2 Q3 Q4 A @ Q3 Q4

Plan (1.8 — 3.6V, Quad:SPf someps) /) Es [

/ ES / ES available now (1 8 — 3.6V, 25MHz, 40MHz xY )

/ ES ES available now (1 8 —2.7V: 25MHz, 2.7 3.6V: 30MHz, 40MHz **’
/ B [ Pan (1,8 — 3.6V, 25MHz )

/ Under Study, ( +RTC, VDD->TBD) in 2014 -2015 V4

MB85RS256B ( 2.7 — 3.6V, 25MHz, 33MHz fast mode ) |
MBSSR5256A NRND, but no plan to EOL ( 3.0 — 3.6V, 25MHZ) -> MB85RS256B

MBSSRSIZSB (2.7 3.6V, 25MHZ 33MHz fast mode )
MBSSRSlZSA NRND, but no plan to EOL ( 3.0 — 3.6V, 25MHZ) -> MB85RS128B

M885R564V (3.0-5.5V, 20MHz)
MBSSR864 (7= 3 6V, 20MHz)

; ’ E Plan (For Energy harvest)
4 ; i

MB85RS16 ( 2.7 — 3.6V, 20MHz )
; } |

t i H

| i H

*1) 40MHz works only for fast read mode when voltage is 2.7-3.6V.
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FRAM Roadmap: Parallel interface FUJITSU

Under
Stuady

NRND

Under Dev. Mass
Plan Production

Parallel
CY2014

ok 2 B

Under Study ( 1.8-3.6V, 150ns, TSOP or FBGA ) /

Under Study ( 1.8-3.6V, 150ns, TSOP or FBGA ) / |

1 :

i

MB85R400

ES / Under Dev. ( 1.8-3.6V, 150ns, TSOP44 )
| 5

1/2 (3.0 - 3.6V, 150ns, TSOP48 )

| !

| |
Under Study (1.8-3.6V, 150ns, TSOP44) in mid of 2014

| !

[ !

Plan ( 1.8-3.6V, 150ns, TSOP44 ) E
| j : E

MB85R1001/2 ( 3.0 — 3.6V, 150ns, TSOP48 )

| !
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MB85R256F ( 2.7 — 3.6V, 150ns, TSOP28/S0OP28
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FRAM vs EEPROM FUJITSU

EEPROM

EEPROM + Super Cap FRAM

D@w lig* AWon
Data Lost Risk D

Price

N

Igh risk ow risk ow risk
At brown out Slow write) " with cap*) " Fast write
*Osec 3ms
06) 012)
Power D igh power oW power
consumption ite rite

* Since capacitor value is degraded at high temp such as 1,000 hours @70°C
large cap must be required in high temp environment.

Data log interva
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FRAM vs SRAM + Battery

B FRAM ZILT A d b X B ARIR K

SRAM + Ba

tte

o)
FUJITSU

SRAM + FRA%VIRAM

. A igh
Price Q)W d Mid
Cycle time >6/70ns ’ '50ns

I
Access endurar>¢1limited A0
=~ 1013

Eco friendly

N

. Removal or .
Data lost Risk Depletion @ Risk
Maintenance = @intenance Free
place
Disposal

O
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o)
FUJITSU

FRAM vs MRAM
mEx) 256kbit, SPI, 3.3V
BB R MRAM FRAM
AR Everspin Fujitsu
43R % v~ 40MHz 33MHz
5 &AM ¥ Unlimited 102
1ddr@33MHz (Read) 8.7mA ¥ 6.5mA
1ddwd33MHz (Write) 24.5mA ¥ 6.5mA
LR 115uA (100%) ¥~ 50uA (43.5%)

tPU (Power up to 1% access)

400us (100%)(*1)

¥ 85ns (0.021%)

R T X B

Yes

¥ No

*1:internal voltage references need to become

stable
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FRAM vs nvSRAM-1-

o)
FUJITSU

Fhk sk nvSRAM FRAM
PR Cypress Ramtron, Fujitsu
G- 16kbit — 8MDbit 4Kbit — 4Mbit
#En 12C, SPI, Parallel(x8,x16) | I1°C, SPI, Parallel(x8,x16)
\ ¥ Unlimited for SRAM
P B &2 10 12
BB WA 108 for EEPROM 107 or 10
BAERIF ¥ 20years 10years
$ BB A B8 7] ¥ 20-45ns for SRAM 5 ons
Cycle time 8ms for EEPROM
STORE to NV initiated | Software, device pin, or v N
0
by AutoStore on power-down
External Capacitor -
Need (47uF — 220uF) ¥ No
(for AutoStore)
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WW No.1 supplier of FRAM FUjITSU

13 year experience of FRAM mass production (since 1999)

Stable and high quallty product supply from own fabs

FIM: Fujitsu Integrated Microtechnology
FSET: Fujitsu Semiconductor Technology

Assembly and Kinal “
Test

] ( ‘ N IC Wafer Process
FIM Aizu Fab

Assembly and Final Test

Assembly and Final Test |l Y,

IC Wafer Process IC Wafer Process
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Fujitsu Semiconductor(Shanghai) officia website(Chinese) Frujitsu

http://www.fujitsu.com/cn/fss/freesample/

Iﬁ.ﬁﬁﬁ Hi5
02ZR =
FEFERIE 7Bl >> :
SREN B B SR R 2R HE ...g-:i‘l
PEonm3E
|1¥E‘ni€$
Ha83=s F s iy SHES [ Ak
MB85R256HPF-G-BND-ERAE1 FRAM
MB85RC128PNF-G-JNERE1 FRAM [ SQ Buy |
MBS85RC16PNF-G-JNERE1 FRAM
MBE85RC16VPNF-G-JNERE1 FRAM Gsamplell) [ SQ Buy |
MBS85RCE4PNF-G-JNERE1 FRAM [ SQ Buy |
MB85RCBE4VPNF-G-JNERE1 FRAM
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