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i - BLBE=RFMEaremeEnr FUJITSU
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vFRAM : TR 10K

vNRAM : HTEIE il MR, & r] B
NOR Flash,

vReRAM : 7] B4 KA ZEEPROM
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fA - Bl =R A IR O

Product Available Available Available Available  Available
Density - 2Mbit - 1Gbit - 4Mbit - 4Mbit
Die Size Big Very Small Big Medium
3ms
Speed ) 10ms (+500ms | 0.005ms | - 25ms
for Erase)
Power 200ul
Writing Consumption 90ul (+10m]J 0.6ul 200ul
) for Erase)
Endurance 106 105 1013 106
Erase NO NEED Required NO NEED | NO NEED
Speed 5Mbps 400Mbps | 400Mbps 5Mbps
Power
Reading Cons%mption 4u) 0.4ul 0.6ul 0.6ul
Endurance Unlimited Unlimited 1013

O
FUJITSU

2020 -
- 256Mbit

Small

0.005ms

T.B.D.

108
NO NEED
400Mbps

T.B.D.

Unlimited Unlimited
*: 256Byte Write or Read
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FRAMBIE =

Next=

FRAM = Ferroelectric Random Access Memory

f

| Need i
. Voltage /

7 Volatile \\

( Random |

\

FRAM has a very
well balanced

(’ (Read Only)
Volatile 7. Boost |

~  +Erase

R Random—Access
combination ;
of features of _ (Read/Write)
RAM & ROM | B :
g). ) L Volatile . -.
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High Endurance/iEm A tE-1- Fujfrsu

O 1+

VARG NIRRT
Ve A 104E

OFTFHBEYRS M ATE(RER)
320,000,000(3.21Z2:R) /10fF

(60sec x 60min x 24 hour x 365 days x 10 years)
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High Endurance /25y A f£-2- Fujfrsu
1012
1011—
1010—
109
--------------------------------- €« EX:
108 — 3.2{Z%
107 I
106 I
105 L
104 l l

FRAM EEPROM Flash

Endurance
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High Speed Writing/ &% %5 Fujfrsu

e )

5S5msec

riasn A

0.05msec

EEPROM

FRAM
NV0015msec

BABESFEST, REF B

FRAM :
B G fititiss : BIEER
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Low Power/{RIh#E FUjiTSU
Example: 64Byte data writing (I2C I/F)

0.6msec (*); 5msec

&
[l
|

= 79,500n] *)

Command

= 180nJ (*)

FRAM/{XAX 2 EEPROMY] RIThFE. RINFERILH K
RIEK R4

FUJITSU SEMICONDUCTOR CONFIDENTIAL 16 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



= (e8]
FRAM{it A 245 FUJITSU
FRAM EEPROM Flash
1. EEMALE ¢/ 1013 times x 106 times x 105 times
2. SRS AFMEE .00015msec
(1Byte) VO (Figure 1) x oms x 0.05msec
3. Ih#% 0.0007ul
(1Byte Writing) v (Figure 2) X 83ul X 3ul
4. BIRSASE v mEsssa| }FEEER I
_ 10 — 100
; 3 |
£ 1 c 10
’m 33K times = 1
Q.
£ 01 8
= > 0.1
o
S 001 S 001
g 0001 $  0.001
= g
0.0001 | . | 0.0001 -

FRAM EEPROM

Flash

Figurel Write Cycle Time

FRAM

EEPROM

Flash

Figure2 Power Consumption
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;_[kﬂ&FRAMF’: 2R FUJITSU

Density
(bit)

MP ] Developing ][ Planning ]

16M [ MBS5R16M2T |

8M MB85RQ8h;IT | MB85R8M2T ]
aMm MBSSESSME ] MB85R4M2T |
@385RQ4ML
M MB85RS2MTA |
1M MB85RCIMT | MBB5RSIMT | MB85R100X |
512K MBSSRC5512T | M385R55152T |
256K | MBS5RC256V ] | MBS5RS256B | MB85RZSGB
128K | MB;ZSRCIZS | [MBSSERSIZSB]

MB85RS64V ]
| MB85RS64 |
MBB8SRC64TA ] MB85RS6AT ]

[ MBS]SRCIGV ] MB85RDP16LX [ MBS;SRS]-GN ]
MB85RC16 [—]

MB85RC04V |
| MB85RCO4 |

MB85RC64V ]

64K

16K

4K

1’C Parallel

1.8V 3V 5V 1.8V 3V 5V 1.8V 3V
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AEC- Q100 Grade 1ZERN L FRAM™ i £& Fujirsu
Density

(tS"I:/)I " MP ] :Developlng ][ Planning ]

am MB85RSAMTY |

- MBESRS2NTY _Jfal (2

(ot gy o> e
1M
MB85RSIMTY |

512K

256K MB85RS256TY |

128K MB85RS128TY |

64K (_ MB85RS64VY |

16K

« | 1°C SPI Parallel

1.8V 3V 5V 1.8V 3V 5V 1.8V 3V
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FRAM RFID (k) F=m&&k FUffTsU

\ 7~ @ JFXH Es: Available CS: Jun. 2018

MB97R8110

UH F('EPC global C1G2, 860 - 960MHz) -FRAM 64kbit

-Dual IF (RF/Master Slave SPI/Key scan)
-APP: Keyboard, EPD, Sensor tag...

MB97R8130

-FRAM 64kbit
-Dual IF (RF/Slave SPI)
-APP: Meter, Data logger...

-No User memory

MB97R8050 ]

Medical %%

MB97R8120
-FRAM 64kbit
_______________________ -APP: Data carrier tag
H F' (sorec 15693, 13.56MHz) Embedded/loT IE'J
MB89R119B l FA ' %
-FRAM 2kbit
MB89R118C MB89R112A
-FRAM 16kbit -FRAM 64kbit
i
None to 512bit 2kbit to 16kbit 64kbit
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E TEFRAMEMBIEFE T R FUJITSU

FRAME 32 e % (201945 A BAE)
(BA) gt B

5,000 20184E37/Z.
HAommEERERE P 132 528000 A

4,000

3,000 20104
15. T4+

2,000

1,000

WAL
FRAME = I 46 ] LR P I IR A R ReRAME =22 B¢ 1 4
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FRAMZ: LW A FUjITSU

B L S A 1

& or/me - RRiE g o
& rzuv

(BMS/Airbag/Infotainment) m FAML Q TR R

(&%

@ﬁ\ Encoder

./% KEHT
(i FE )

g TEHfERERE

o HHRICE

POS

- REHRT
co B TE B
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)

Hhrig-1-: KRERTREA FUITSU

W 7R FRAM, Jip A2 L AT SRR NI TOIE S R ) e A il AR IR %

%ﬁgﬁ %‘}&ﬁ %,ﬁ QBMS}
i nfotalment) || RADUGHSA0, DM S
IIN= % Z) 71, :%I XX ’ T /T _‘ﬁ ili, $ N ‘;{&SOH D =R E‘SOC/_%‘.{_;:\/—‘LAW
BT AN BRI, SR RS0 3 24 TR " éwﬁ.mf;}i%m%Eﬁ%gﬁfﬁ%ﬁ%aﬁiH”wﬁ
, BREBIIAIGPS data®E4Hi{E B . H e m s 2 BANRS 0

ZES[ZE (Air Bag)
RGESC R AL S BAIREZ A E, DL
RO ERR N B 2R 3. SERIE, /A
EIL R B EB LW AME, SERNNEE

I .
ZZ#RT (Telematics) —BOX B TEISI 245 (TPMS)
ARG LALIR/0. 158D B IR/ 1D B3 1 3% B Y5 R I R34 58 1 e s P S g, L A
CANJEME, VRN E VR ZATH A L HT G IS R, S B (R RESE: 1k
%, REPUFE, M5 k. /0. Bmsec) o FERIRL, FRIHZIASE S, KKIE
%i?%ﬁ,i%%%ﬁ&ﬁ%ﬁﬁﬁﬁw%W%
MRS Y=
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M2 : FRAMAE HE b B 3 2R GeBMS . FUjirsu
B Why FRAM?-ER 5 AN, EESAERE
B RGR0. 180F>, SERTAIESHE B R o E SR (WRER, #ERR
SOH, FE &1 &ES0CE)
B AGE LA (R LA, 609k/F0) FK ] (A it 75 4y) Bt e RE.
B Diagram block

4 o
Monitoring —L
4 ) Battery IC E
Module e
\_
4 o
i ——1
kCOntl‘Ol MOdUIe J Momtormg
Battery IC __-Li
Module e
m Business information \_

hEKN—LEABRFIR{ERASPI 256Kbit #lI2C 256Kbitf)FRAM,
o E B AT RI7E 2020 5 LARIT & B #rRE TR ;S ZEFI500 548
FEERGEE, NE, HEMAZEEATRBDRBEE KNDKBIHERSSE.

FUJITSU SEMICONDUCTOR CONFIDENTIAL 24 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



13 !

B Why FRAM?-EREMAE, SREAERF

N2 : FRAMFEEBEZE 3551 B s VCUR N A Fufitsu

B REFEUESH — RINEXRICRAEITH S RTRSHA £ S ERT R ERTE AL, MEIR

S FIEFEHREFER,
B Block diagram

ol R s

A
y

TR Diagnostic
w CAN S?C "| Calibration

Accelerator Pedal i
Brake Pedal :
Mode switch — Relay drive | Air con relay
ey signal — Channel Water pump relay
Air con switch switch —
. «— | Isolated CAN
Air con » Isolated CAN ey transceiver DC/DC
console transceiver «—>
ABS/ESC
dashboard EMS
MCU
B Business information BMS

B PENFHEGERSENEERLZERIRFER64Kbit SPI FRAM.
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9

N,

12545 : FRAMTEADAS E

B \Where iIs FRAM needed?

/1

e .,ﬁ

Camera

Radar
Sonar
GPS

-
G

Central Unit I

P | Sonar
\J

33Mbps =
4AMB/s

10-100KB/s  Perfect matching
10-100KB/s  Perfect matching
50KB/s Perfect matching

3 1

Sensor unit

O
FUJITSU

Central unit

Sensor SoC
| |
FRAM NAND
| |
Transmitter [———»| Receiver

= PR IE B ST B EEAMERER,
P& R R S E T k2 P oeg 3 25
ZHI, REERAERMSESMAER
memory{EAabuffer memoryIdZEZ|
&SR EIEHITE TS, S 1EEE
FRAMZIEBHZiEI%LRR,

FUJITSU SEMICONDUCTOR CONFIDENTIAL
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—y

RiFHZ461: FRAMAE iR H WA S TPMS H ) B2 Fujirsu
B Why FRAM?-SREMAE, SEBEAEE, {EKIHIE

B T —AATPMSR G E 3K B B A e I NEC AR SR IE D, mEFIREATEZR L HNE
BER, BUEREME1X/0.5msec,

m —RTPMSNATER, SEMNETXIINET, BENRS TR, RN EIER
WFSEEIE120km /54, (WANERAEEPROMBYE, BBMEH(N24E)

o EIE;EEE:I:LHTE?: TPMSTHERLIFRAMB EEE M5 5 -5ElR K 5 (energy
harvesting)

® Diagram block

Timer $

Voltage detector

Temperature sensor ——> < LF receiver

Pressure sensor MCU

Acceleration Sensor —— ~ — 5[ RF transmitter
Battery

B Business information
aﬁiﬁlﬁﬂ«ﬁlﬂ’ﬁ"ﬂ%ﬁhﬁ 8RB TPMSHR FH4Kbit FRAM, LUB{RS)E % Bo
EEH, PONFIEEEDBIS20074, 20126201 2FHIE, jﬁ)uEFﬁﬁz‘hE%‘éJ\ ﬁ
TPMSO

FUJITSU SEMICONDUCTOR CONFIDENTIAL Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



Birhin-2- : Smart Grid FUjiTsu

Why FRAM?

» Frequent logging in preparation for power down and
writing data in short time when power down
happens.

EV Charger AMI / AMR

Protection Relay U |i =
:
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MAZR: HEERTT RS FUjiTSU

(v79)

PRRT: : RERGETS FRAMSERI &SR
GPRS FufiTsull <€ SPEE
GSM I FRAM UJITSU <2
MCU e —
P PR R S FUJITSU
) R A PLC [+«— -~ RFID ((( W
P57
=1 \f
T ITERG RFIDEL I EEE,
¥ TZEIMNERE
LDO Battery/Capacitor
— |
) S . ................................ CT S BIEEEEEE
O o]
S .. ................................. VT . MCU Switch
' OO0
[ e .. ................................. P LC 1 FRAMFU«ﬁI_I_SUIe FRAM ﬁTL%%ﬁE/ 3
T SEEEE.
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BHirmin-3- : Factory Automation FUjiTSU

B FRAM is widely used in various kind of instruments for FA.
B They need high reliability even if power down happens.

PLC / Sequencer

Motion Controller  Inverter / Motor Drive
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MFZER : PLC FUjiTsu

® Why FRAM?

FRAM enables PLC to implement high reliability, safety, and
failure prediction, even if unexpected power down happens.

PLC
» Motion Control Unit I CPU unit
I/O Unit FRAM
Network Unit L\ $
Relay Unit MPU
T RETT 12BN B

RGN VMR A, MNH4YE RGNy T ELERE, BHLERKREE
FELAS AP, S T S 4k H AR JE , T 2 SEIIE S LT Is B AL bR B A
RHL, e I 4 R PR RS B
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RiFA%E6I : Rotary Encoder FUfrsu
= Why FRAM?

FRAM enables battery free rotary encoder, or minimize the size
of battery.

Motor Drive |«—m—— Rotary Encoder

FRAM

!

MCU

!

Hall Device

% (E AR 22 (wiegand wire) FETHEEMIFRAM, IXFNTE B fEdE =
‘mhdss, RAEEM/NINFEINE D, SCAPSIEFEICEmiSas e AL,
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ReRAM(PEENFEHFfigss ) -/REE FUJITSU

®ReRAM : ETHHALYIRIIESZ K IEFiFes.
n ET@MN N S1FH A TReRAM.
m [AERIFZKIERAM, FFBIFERIRE.
m EFTEEPROM#HE, FHEReERAMAFEEE X, KRB 1.2VIRBEEF~m

f{b(kR)
(o

FRPHE{LcR

LEER (2]

FarER R

SSIRE

® ©

{&FRiR =fAin
m FHFIRIE
» Data “1” (IEFE(EIAT)  EEREKM e B tYSIRE R ERERERM, MmERSE

itt& SR, BB MR K(E.
> Data “0” (RIBEIAT) AEBEKMEHTEAMEYBEERESERE, AMERAS

e, EBEARSE.
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Spec of ReRAM
| |EEPROM__|Existing 180nm ReRAM | New 40nm ReRAM

Supplier P/N
Density

Voltage
Frequency

Page write

Write Cycle (tWC)

Write current
Read current
Write endurance

Standby Current

Power down (Sleep)
Current

Package
Availability

ST Micro M95MO02  Fujitsu MB85ASAMT

2Mbit 4Mbit
1.8to0 5.5V 1.65 to 3.6V
5MHz 5MHz
256Byte 256Byte
10ms 16ms typ.
25ms max.
3mA@tWC 1.3mA@tWC
SmA@5MHz 0.20mA@5MHz
1.2E+6 times 1.2E+6 times
5uA 10uA typ.
45uA max.
N/A S5uA
WLCSP, SOP8 SOP8
Available Available

(0O
FUJITSU

Fujitsu MB85ASSMT
8Mbit

1.6 to 3.6V

10MHz

256Byte

5ms typ.
10ms max.

1.5mA@tWC
0.15mA@5MHz
1E+6 times

60uA
6UA
WLCSP, SOP8

Available (WLCSP)
ES Available (SOP8)

FUJITSU SEMICONDUCTOR CONFIDENTIAL 35

Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



ReRAM - 154 Fuffrsu
m—HF B I N IE S KRB F g2
miRiE3E{LlFEEPROM
BRFEERTEEPROM
miER#0R~T(Die size)/NFEEPROM
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ReRAM - ML FUJiTSU

m N AE
1. ZTEARE
VEANRIEZHI, TEEERIZE.

2. PEEFEN~mE
v4Mbit : &7F
v'8Mbit : 2019 £~
v'32Mbit : 202 14FEF~

3. IKIhFEEIRIE

v SMHzZEEHIRER AR R(N0.5mA, imiriKF R4
EEPROM(3mA@5MHZ).

FUJITSU SEMICONDUCTOR CONFIDENTIAL 37 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



Roadmap for ReRAM FUJITSU

Densit e é@h e -
Y \ \Z a(’\(\% : |
I
I 16-32Mbit SPI I
! I
o) ! |
40nm 8Mbit SPI | Status: Under study
I
~85°C, 1.6 - 3.6V \ ,l
Status (WLCSP): MP R _
180nm 4Mbit SPI Status (SOP8) : ES Available
~85°C, 1.65 — 3.6V
Status: MP 1250
Cip
dUsr,,.
13/
Place
’hen "

2016 2022
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ReRAM - FENH FUjiTSU
B o] RS H
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NRAM(Nano-RAM,Jixil K ERENFikER)-IRE i

®NRAM : BEF 4K E (Carbon Nano Tube<CNT>)MIER KIETF(EES.
m EI@EMNEENantero B EUE TNRAMBYIRIT, = HItEERIFE],
m [ETEXIEZKMERAM, FEFRIREHIRIE, i
B RS ABRAREIA200ns, UZRENES AN <EANIRE>.

P Attraction force Repulsion force
4
7’
Ve A
C:D +4 Versus
Electrical = 4 Phonon %
induction caused heat

(a)

Reset
pulse J_'—

| NRAM CELL |

NRAM™ coll with CMOS seloct transistor and CNT resistive
change memory element shown in SEM cross-section

m SFRIE

» Data “1” (ER{EIAT): REIEREMT, BEEEEIIAEIRIICNTHITIZARM £
i, PRTUEARRISIEIRTS.

» Data “0” (RIEIAT) : RERSEBEKT, BTkl AHBHICNTIE, MEEK
BN, {8 EEBERARAN FEPREAR < [ARIPRTLARI & A(E.
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NRAMe A FUjiTsu

®NRAM® :EFCNT(Carbon, NanoTubes,ixZzgiKkE) HIIEZEKMHERAM

® Nantero : FZTNRAM® EFIFEAK, HIEZINTFELEBEINRAMME—TENSIENEE,
m HERN (MCPRERIMEFriatalE) FETitz.

m SEEMNIERE
B 5 R E B REHEALITDRAM, LENAND Flashi® 10015,
B EEEMAM : ZTFFlash1000E _ERESIREL,
B 5 0 5F % FEEEERFRIEFEKA  85CHEALITE, 300°CHRIA10%,
B K I . SEANIEEETES.

n FE&NE R
B REREFIZEAFHETFS5nm,
B E1@EBE#RISNantero, HEAMieE1TE300mmaEE, HEFHAS55nm CMOS

FARBINRAM. FREBIEH RTFh#E—248/\

m 5CMOSREI HFEMAH(CMOS: ExNE BRI+ SIATEiESS)
B HAECNTIZUMUEEMACMOSTIZE, —EBWREMNFEM.
B MIENTREN, FRWEE, HAEEIEOMRINIERIN T NEE5ER.
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NRAM - 5= FUjiTsu

ENRAM—Nanotube Random Access
Memory,— B IESR K ETF(EES.

miig S eiEAFFRAM,
BFEEE IS T FRAM.
miER R~ (Die size)ltFRAMEE/\,
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NRAM® I35 F4% 5 FUjITSU
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Comparison of each memory spec.
Outside is better
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FRAM ~0=ReRAM =g=NRAM
Memory
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Power
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Endurance WS Write/Erase
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NRAM® F=gaRoadmap FUjiTSU
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FUJITSU SEMICONDUCTOR CONFIDENTIAL 45 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



NRAMPHIMMEZ — : 1L G (&

JE21L FUjiTSU

SAR F ik
HARY(a)
_ NRAM® #IEBEHR
—RET . \
~1nsec SRAM \/> (EFIL'._.{.‘}"E_T?ﬁ%)
~10n57'~/ — R \ SRAM
~50
nSe ErFtheR DRAM | ummmEss | —meEeans
Next ﬁﬁ%%%
PV > T—%Ek  ZEEEEAR
~ ’ NAND B, EBTNRAMEISSEMT R
L 1%, RO ATIERER
K.

~10%nse

7%
SSD,HDD

DRIFERAER

FUJITSU SEMICONDUCTOR CONFIDENTIAL 46

Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



O
FUJITSU

EEATL4Z2 ]

FUJITSU SEMICONDUCTOR CONFIDENTIAL 47 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



NRAMCKIMNBEZ = : Mt RS ERTIES SRR E rujisu

NOR SPI
SES

MCU (SPI) MCU

BOOT Memory

Flash

DRAM I/F Flash

DRAM I/F

DRAM PROGRAM Both BOOT PROGRAM
: Memory and WORK Memory
Volatile
\_ J Memory N -

WORK Memory

- NRAMAIUEIRTERENFMENINOR-Flash, F1T/ECIZIFIE2RDRAM< R 54
Fhigze>.
- IEZKRMTIECIZFERR, TR EE oIS SRS,
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NRAMCRMMEZIY : B/\EBiS, EvmiRiF FUJITSU
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NRAM® Bfrp FUjiTsu

B BRI
1. B XESF=EEPROM ; B=2{KF8Mb
EHRIEEPROMIER AT =Z22Mbit, NRAMAI #5819 16MbitiIEK, Hol2EIFIRE.
2. BiUNBENOR Flash ;B2XF16Mb
NOR FlashBWEAREZETREEX, NRAMESERMELE ARE.
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Server, Networking
ICT Industrial Medical Automotive
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Label printer

Inkjet printer
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Inkjet printer
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Printer
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NB PC Battery

Smart phone
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Summary FUJiTSU
vFRAM : AT EIEER

vNRAM : AFZUREICEMEBETF, £aE&K
NOR Flash.,

vReRAM : 0oJEZ N ABE=EEPROM

/Spetrum authentication : L&HFT R %24\
UE s AR AR = ] S
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