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2015 IR £ =401 TOP208 2 H [E -5 Fulitsu

Tesla Model S 51,390
Missan Leaf

Mitsubishi Outlander FHEW

BYD Qin
BMW i3 24,083
Kandi K11 Panda EV 20,330
Renault Zoe 18,846
BYD Tang 18,375
Chevralet Violt (1) 17,508

o iiecn e > o E B REUR AT 28 T U A AMIS R,

16,488 N NN

Zotye Z100 / Cloud EV 15,467 k%ﬂﬁ °

Wigesliae 1s3ss > H R (KR REJRY TR AR SRR 25 1 55 ey N O
Audi A3 e-Tron 11,962 E@ﬁ%ﬂ:%%, 3{%‘%@]]@81&, Nissan,

Roewe 550 PHEV 10,711

i 10,420 Mitsubishi, BMW, Renault, Volkswagen
Fora Fusion Energi 9,804 & B R IR EROR
S A — > REHRIRAE R OEA, RHRIEEH
Kia Soul EV ?:510. ﬁgk_\ﬁ%%ﬁg‘%ﬁﬁf H@M\g%/ftl:o
0 15000 30000 45000 60000

2015 EV - PHEV St REMEREH > 507
22016 HYOGO MITSUBISHI MOTOR SALES GROUP

BAIC E-Series EV
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Key technologies
@ Battery pack
9

4 BMS
4 VCU

6 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



FRAM: fRALEVHL T R Gt ) FEAR A fig H R

Accelerator
signal

Display

Brake signal

[ CAN }—(
Controller Area Network

Battery
charger

Battery . pack

Junction
box

l

(Module)

[ Car electronic system(12V)

(e8]
FUJITSU

> 1.Battery Pack: @#TREIR ENOHE, B 1M
RHEEfT AR B e IR I MERE

> 2. BMS: SR} IS 5 B A FIRAS,  dE T S it
Sfr Bt A A —2UE, NErREIR A %
SRR, FEAE B 7 IR FH & .

> 3.VCU: FEIheRMr S Rk, SLriEsRE
ITHOIRAS, PhiAfE S HcinBMS. MCUL EMS. TCU %%
PTAE, SCOUEEEIRZNIES]. pesBIScEn] . AR
RN R 2 R 2 1

XL R G0 (BMS, VCUZE) #f3 7 5 S2 B AN SE 1 %) 24
AR E ST I, 0. kb, itk
P A7 e TR BE AN AP 1B

mlERE CIEZRNE « i - @S AR 8k
f%%>ﬂﬂﬂ%ﬁ&%%%ﬁ%ﬂ%ﬁﬂ%ﬁﬂ
JER
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Battery Management System et & 24t rujirsu




BMSHI £ 215 B &= FUITSU

> 173 ThEE/Protection
> S /Cell Balance Management

> BEOIRAS/SOH: Sate of Health

> B 5118 /S0C:State of Charge

> &S E H/SOB: State of Back—up

> N B &M /Charge management

> SCETIE/S /communication

> H K, EERKMN/Voltage&Temperature
Measurement

> W= HE 21 /failure Data Storage

BMS
(Battery Management System)
\
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BMS % £ fi Rk, | FujiTsu

Motor

SPI - .
Current measure

Relay Control Switch (Relay) y

Voltage measure

Isolation monitorin#

+ —
Bus
| EV/HEV ] m = s
" °
1 -
Electrical I/F il e
ce2 4§ 3
=
cez | 2
B
=
cEn | =
T -
'c':‘:::atrre = Coolant

> ECUREBH M ATHREER, EERELERMACFRAMNERIER, HiET
HERAREE T R R ITYE A,

> HELHHMPTTHEELEITH, MESRS M EESHHEEIER, X115
BRI R KA TIE K A A S ERA .

10 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



FRAMAE B3, 7ih & B 22 2 BMS Y. FH FUJITSU

B Why FRAM?-E RS Ak, &ESAERE
B AGER0. 1EFD, o FNESEH A g B B (Y E(E 5, SOHFISOCEE)
O ?éﬁ%’%%‘&&ﬁh%ﬁ H (BJE AT EA, 60k/#) FKH CBEAEmAEa) B
HE o
B Diagram block

(
Battery| monitoring
f \ Module IC
\_
FRAM > My ;
(
Control Module Battery| monitorin
K ) Module IC ]
B Business information .

—EE P EE2HFE{ERA3V SPI 128Kbit,256Kbit,2Mbit #1 5V SPI 64KbitifIFRAM,
o E B 11 X 722020 5 LART & K HTREIR S 4= E50075 49,
Iggg(lflil, EI]J"', ﬁl‘@*ﬂﬂ'iﬁﬂﬁ 75\3:5/)&’} lﬁkl$l_\:$ jcj]ji@%ﬁﬁbl /_\.io
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VCU#T ¥R = B 3= il BT FUjITSU

4 )
(Vehicle Control Unit)

About VCU

VCU is the core controller for the electric and hybrid vehicles.

VCU receives the driver input signals, like pedal inputs, vehicle speed signals, and other
inputs, manages the system energy, commands the driver demanded torque, coordinates
the motor, battery pack, as well as the conventional powertrain in case of hybrid vehicles,
and determines the overall vehicle drivability.

VCU is the master of the vehicle control network, or CAN bus based vehicle control
network.
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What is VCU? FUjiTSU

O ] 282 B Fr ae I B s AE,  EEIRE R AT 25 3 1 7oK,
WA AT IR, P 6] R ocaBMS. MCUL EMS. TCU %1 T1E, &
DU IRsh . pem el R AR I2 B T Re.

HVAC ‘ | — |

Radio Multimedia

RET

Accelerator
ACC Pedal
BBM

Engine
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FRAMAE $ 25475 fil] B TG VCU A Y B

B Why FRAM?-EREEMAE, SFEAEE

B RGFZUESHN —REPNIRER LN IR FTHABAMRSHA £ S EN 120 =R
L, MR, FEFMEREFER,

B Block diagram

(e8]
FUJITSU

Diagnostic
CAN SBC |+ ,| Calibration
Accelerator Pedal 1
Mode switch Channel —>{ Relaydrive |7 1 Wat |
Key signal switch E;Ser Fl’ump relay
Air con switch detection IC relay
MCU |+ [ERAVE
Isolated «| Isolated QAN DC/DC
Air con " CAN — franscever s ABS/ESC
console transceiver Pp— EMS
dashboard ﬁ MCU
BMS

B Business information
m RENFFEERSEEENE EHR{ER64Kbit SPI FRAM.
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T-BOX/TCU ruffrsu

4 ] R
T-BOX(Telematics —BOX)
TCU(Telematics-Control Unit)

\& 4

HT-BOX, BN ARG STy, EHL. ZFHRT-BOX. FHIAPPKGE RS, FHLEE
HTREEGR, UAENEREER; FET-BOXEEHTHES RS/ FHAPPHEAE, K
LT HLAPP ) ZE 315 B B 5 7 il

Internet of Vehicles includes four parts, host, car T-BOX, mobile phone APP
and background system. Host is mainly used for infotainment as well as
vehicle information display; car T-BOX is mainly used to communicate with
server and mobile phone APP, to achieve the mobile APP vehicle information
display and control.

T-BOX is used in not only New Energy Vehicle but also in gasoline vehicle.
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FRAMZET(Telematics)-BOXFE

n Why FRAM-BiZEMAY, BEEARE
vV RGEBIR/02MENRE, EEICKCANBIERUE.
v RGEBEIR/FOEE @iima%u%gﬂzﬁ

vV RGBERICEKERKESHAIONKN, 08

v EaEIRE1R/107 8

B Diagram block

Acceleration _
Speed
Steering
Engine RPM

-

UART

SPI

CAN CAN
transceiver >
Positioning | Y% MCU
module

12C
sensor x
\ 4
BMS

B Business information

1 g

Communication
module

OBD

—LieENE - 24 RA4Kbit FI256Kbitf I FRAM.

o (| BT L RE TR

ERAEEERA T-BOX,

KM St TEM2018F48B fE, Fr B R4 FEbLeCall,

(e8]
FUJITSU

ITHEAE (R4, RHFRE),
R FE K F| M FRAM%LEUFIashEO
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autonomous car

vy mnive R e L

SFEEEBEG | FRMEEEAR | ATEERETS

Vehicle-to-Everything o~
Sensor;?almera iy Jbzss | HCI b
- BB PN
mrr | Car gy HEEM Gy HABY M ~
i B fF ﬁg% Mo
Car Driver Car g Gar By

Ex.Radar.Sonar.LiDAR ExT-BOX,GPS,CAN Ex.Infotainment,eCall

BT R4% (fBIRes, TG0l CANIESS, GPS %) %% SEB FRFEEHLAE i U aTIRAS
G, AT AT AL . DR T EEAR R AT A R TE R E I REAN R AP B2

e 1 BE A FRAMAT LA A2 B 225 35 BT 25K 10 ) S8 A1 o iR A ) 25K

18 Copyright 2019 FUJITSU SEMICONDUCTOR LIMITED



Roadmap of autonomous driving level FUjiTSU

A Level of Automation i Level 5 584 HZI4L/Full Driving Automation |
100% :bﬂﬂi, L, fEIEBHENE R RGO TERREE. AR |
Lﬁﬂzﬁﬁﬁﬁé VG N T . (EFTE TE RS AN A 2544 T 25 0k l

—_—_—————,e——e— e e — a1

i Level4 EE HAI{k/High Driving Automation }
:jJDﬁE, JmEE, HEh e T N E R RGUR R, AR
LK—%EXULF)T@E‘J%%%*M&@%, K T B RN PR 58 SR A5 |

___________________________________________________

i Level3 FHZMHBNM / Conditioned Driving Automation |
:ﬁﬂi&?ﬁ;, JilasE, wE BB LN E R RS T HERE. RIER
{éﬁi%ﬂ?, PNE S E R ST VR !

| Level 2 #4rH3h4k / Partial Driving Automation :
:JJDiEE, JilagE, B E) 2 IR S A R A R
| XAk, HAH NSRBI AT EAE |

e _____

i Levell ZEIh3E /Driver Assistance l
[ B S 1 P 1 v s e 9 R (SRS S =AU B S X B =AU i
|

Level0 EHFLNo hutomtion ; ADAS
N, A, #Eiem AR E R AAERE

Advanced Driver Assistance System

=

0%

>
Today 2018 2021 2025
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ADASHZz)Z 3931"5 X2 FUjiTSU

a . I a I
(ACC/ BB LA LDW/ 2R i 2 AEB/ B 3B 231 %E 2%
(Adaptive Cruise Control) (Lane Departure Warning) (Autonomous Emergency Brake)
LKS/ BRI RS

(Lane Keeping Assit)

Approx. 5.0m

LANE DEPAHTUHE From Approx. 4 to 30km/h
WARNING
\_ & LANE KEEPING / K

ADAS(The Automatic Drive Assistance System)is a collection of safety
systems designed to prevent the driver of a vehicle from getting into a
accident. These system include AEB,LDW and ACC,which need to be able to

log real-time data and store it
ADASJE — M4 KRG, HWFEAEB/LDW/ACC, F TS Frae 4470, B RER
o XL RGN RS SCI D R FE A AT R
—
= 14 BEFRAMP] LAY 2 B 3172 B Bl 22 3K 1) A] S 44 A0 TGI8 ZE H 2K
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ADAS (Autonomous car) FUjiTSU

H R AL IR LT AL R EE R E : 1GB/s.
REHFELCBNGZ 2 — BRXEERBRB|OBTBEEERE D ROEF], SHITOE.

Halo View - Blind Spot Park
Detection i

Rear Collision
Warning

JB@%E.?&? 0-100k
Cross Traffic

Alert  Sonar 10-100KB/s

Fmergency Braking Lane Departure
Peasils.ir, Delection Warning

Collision Avoidance Camera 20-40MB/s

Adaptive
Cruise Control

Surround View

‘-
--
T o oo oeo e e

Cars will sense and connect with many things for 360° awareness.
source: Intel
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FRAMTEADAS (H3)Z 4B R 48) H M A rujitsu

B \Where is FRAM needed?

Sensor unit Central unit

SoC
|

NAND

|

NIRE P RANE TR R IE A B LR,
P A 1% IR IR i El B R 4h 2
2B, EEABEEMNSIR AR
memory{E ~Nbuffer memory X} 3 £ |

33Mbps =

MB/s f 1 R B BB IEAT S A B, MR
Radar 10-100KB/s  Perfect matching FRAMEIEBAETFEME LR,

Sonar 10-100KB/s  Perfect matching
GPS 50KB/s Perfect matching
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FRAMEEIR ERE B ET RN Fujirsuy
= Why FRAMP-BRIXS, (EI0FE B SHAL

. AR [REREEELEETF, XELIHE vERIRE, RAOBSHR
RFMEFTE R TT1E,

2. SER NZEAERBHRZNAE, DUARSENEBIINNEZ).

B Block diagram

Seat Position Sensor ——

Weight SensoF——— )
Occupant Detection——> MCU >|  Air Bags
Impact Sensor ————

Engine / Transmission

B Business information
EERERFTierlNEES[EXHAFRAM,
FEMNE - MEEHETEFRAM(16Kbit 12C,16Kbit SPI).
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TPMS E{EH 24 4L .
F =k '

TPMS K858

o, -._"l\r---.._I - , y
TPMS ZE{R1 .t

> RERlIFr B R ief L, —BEFRSIENTREMKEER.
> TPMSIR P R : B, [T J 15 k3, T R Gt 3s (RET R BA
&h)
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FRAMZE Ji§ & 145 0 TPMS =2 ) . B —2— FujiTsu

B Why FRAM?-SREMANE, {EIhFE
B RGBSR BB A LB I I A RSB AT .
m TPMSN AT &R, SEMNTTXIIAED, HRSEH,
m FT—TPMSIHERLFRAMBI T HM S F-BEIRFEEE (energy harvesting)

B Diagram block

[

Pressure sensor MCU
Acceleration Sensor———

RF transmitter

< LF receiver

B Business information
BAFBIF1FCAaTER, TTRRRITPMSHEA4Kbit FRAM, USRS E M.
EEH, MMFIFEDR 520074, 2012FEM2012FH1E, AEMBRE NGRS
TPMS,
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ANWIAE B R 4HCT FUjiTSU

Human-computer interaction
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FRAM7TECar InfotainmentH

14

BCar infotainment A48 X
BmGPS Guidance
mBluetooth telephone
mBack monitor

mCar audio

(o8
-1- FUJITSU

START
STOP
ENGINE

28
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FRAMZECar InfotainmentH g4 v 3 -2- FUlfTsu

B Vhy FRAM-HEREES, SiESimASE
B AEGLH SR RANKE, S, BIERGSHEEENN T, S car
infotainment 75 &L 1C R JEPIRE, AT ERIELARPIRES (&AL,
PRAE JE J AIGPSE )

B Block diagram

. BooT
Touch controller |'—' .._J NOR 8 to 16Mbit

—Navigation

CANModule p— SoC || eMMC || map data,
(NAND) audio/video

data
work memory J DRAM |—i ‘ FRAM 4G to
LPDDR4 1G to 4GByte . 128GByte

B Business information
B A5G HFTerl B {FEAE T @FRAM(I2C IF16kbit,Para IF,256KbitF011Mbit)
B HESREEFTerl B EHAE T@FRAM(SPI IF 128kbit—256Kbit)
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2% (# FHEEPROME&ICar infotaiment FUJITSU

B {5 FHEEPROME )k =
B R FEENI— 1 super-capacitorskanth i i , EEPROMEIB A RERIA B
B R4 8K A LEFH: cost of (EEPROM+Super) > cost of FRAM

B Block diagram

BOOT
| NOR «— 8 to 16Mbit

— Navigation

eMMC map data,
(NAND) audio/video

Touch controller |‘—"

CAN Module f—{ SoC | data
__|EEPROM || 4G to
1  128GByte
work memory | DRAM |— SUper_
LPDDR4 1G to 4GByte capacitor

B Business information
B Some customers in Japan are using FRAM from 16kbit to 1Mbit
B Some customers in Korea adopted FRAM from 128kbit to 256Kbit
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A EE %5 :FRAM < EEPROM+Super cap

(e8]
FUJITSU

EEPROM needs super-cap/battery to secure data written just before power failure.

FRAM does not need super-cap/battery.

The total BOM cost including EEPROM
and super-cap is higher than FRAM.

Total BOM cost

BOM cost comparison

Super
Capacitor

EEPROM
chip

EEPROM

FRAM

* Abnormal event

eeds super cap.
an be degraded at high

I Big difference

System Power I?EPROM n
3 Super cap ¢
EEPROM write ai oo ek e
s
EEPROM e
“Write cycle = 5ms oms .
FRAM @
150ns o Data log point
\

-+

n

@)

(@)

=

O

m

©

o

[t
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1 171 2 FRAM?

Next=

FRESE — FreremincSrm FFesdsm S comes Reansay

L Tl
- - LT

33
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Advantages of FRAM FUJITSU

Three big advantages of FRAM

' High
Endurance

High speed
writing

Low Power




Benefits of Automotive FRAM FUjiTSU

Low Power

For Data logging
High Speed

Robustnhess

Low operating power consumption in
Non-volatile memory
1.8V operation at 125°C

10'® endurance, 10 million times longer
endurance than EEPROM.

40MHz operation
NO wait time during writing

2 D )\ /

Strong data retention in case of
unexpected power down due to high speed
writing

Strong magnetic immunity BRI

/

|
|
|
|

AN

AEC-Q100 Gradel

PPAP

100% Shipping test at cold, Hot and Room
temperature
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High Endurance/i& 5t A

O 2544

VEHE B NI LI/ D

VIR 104F

OFT SRR B M AL

= (IRER)

.
|4 — —
b

(e8]
FUJITSU

320,000,000(3.212:R) /10fF

(60sec x 60min x 24 hour x 365 days x 10 years)
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High Endurance /&5y A t4-2- FUJiTSU

Endurance

1012
1011
1010
10°
108
10’
10°
10°
10*

--------------------------------- <«<—— B3R
7 3.21ZiR

BF =K
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EEN AT T Wear Leveling (FEMRIYE 3K 4HF) -3~ rujitsu

Controller (MCU) FRAM

DN| ceoeeeces D3ID2D1

Address-2
Address-1

Data Stream

Benefit for customers
1. B /NEEFRAMEE T LB P data

logging & K.
2. 1% FHFRAM®] D4
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2. EEPROMiEE W AE - FEWear Leveling Fujitsu

B EEPROMBYEEMAMRE 100K, WRERERLI3. 2RESMA
s, BEwear leveling(¥#lI) wAARSZHE. £ER2EHNSWHY
Wit E 2, 4 SWIIEIMH Rt 1738,

Controller (MCU) EEPROM

Memory
Segment-1
> Address-2

Data Stream | ' Address']
Memory

04 write | Segment-2
D1, 2 Address-2

Address-1
Memory

Segment-3

e Address-2
Address-1

Memory
4™ write | Segment-4

D1,D2 N Address-2
Address-1

. D3[D2|DI= " e

Aging table

.
ey
~. -
. .
.
S
\,
\.
“ ~.
s .
s, N
N .
. ~.
., o
™
\. S,
\. ~
\
s,
.
.
N,
\,
\,
\.
\
N
.
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High Speed Writing/ Bi#ERES FUjiTSU

g wihite J
5msec
0.05msec
FRAM )
* Time

0.00015msec

BASGERIES T, RAEFBH
FRAM :

RAFHES | BIRERX




Low Power/{KIh#E FUjITsu
Example: 64Byte data writing (I2C I/F)

0.6msec ")

Comman
eeproM |52 T

= 79,500n] (Y

Command
FRAM 0.1mA

= 180nJ ™ Time

FRAM{X {X &2 EEPROMY] FITh#e. (RIIFERINH K

RIEK A7 o

* 1MHz, 3V Operation




Summary of FRAM advantages FUjiTSU

FRAM EEPROM Flash
1. Endurance ¢V 103 times x 10° times x 10° times
2. Write Cycle Time .00015msec
(1Byte) ve (Figure 1) X sms| ) 0.05msec
3. Power Consumption 0.0007ul)
(1Byte Writing) 4 (Figure 2) X 83w | X 3uj
4. Writing method v Over write Erasc‘eN?‘intceI x Erasc‘eN?‘intceI

10 g % 125K t

Q' ] 3 | imes

@ 33K times = 10

£ 5

()] ofd

£ o1 £

= S 0.1

2 001 g

E N S o001

2 0.001 g 0.001

S o

= 0.0001 — e 0.0001 - | |
FRAM  EEPROM  Flash FRAM ~ EEPROM  Flash
Figurel Write Cycle Time Figure2 Power Consumption
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Non-Automotive FRAM Lineup

Density
(bit)

16M
SM
4M

2M
iM

512K

MP I

Newly Added

1Mbit

J

512Kbit

)

8Mbit QSPI

| 4Mbit QsPI|
| 4Mbit _
2Mbit

J

_

iMbit ]
J

512Kbit

(e8]
FUJITSU

:
. |
. .
. |
+ |
: |
+ !
é H H H
.
.
.
. |
+ !
. |
. |

1Mbit

I ;
:

256K [ 256Kbit 256?Kbit
128K | 128Kbit ]
64Kbit 64Kbit
64K ] 64Kbit
16Kbit { ] i | .
16K - | Bin:R\?Igngnter 16KbL]
> | 16Kbit | i
ax | I°C SPI Parallel
1.8V 3V 5V 1.8V 3V 1.8V 3V
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Automotive FRAM Lineup FUJITSU

B Automotive products:
B Operation at 125°C
B AEC-Q100 Grade 1

Density A~
(bit) Lz ] Newly Added
4M 4Mbit (Autom;)tive)
2M 2Mbit (Autom;)tive)
iM 1Mbit (Autom:otive)

256Kbit (Automotive)
256Kbit (Automotive)]

256K 256Kbit (Automotive)

128K 128Kbit (Auto:ﬁotive)]
[ 64Kbi:t (Automotive) ]
64K =
64Kbit (Automotive) 64Kbit (Automotive)
ak | SPI Para "EI
1.8V 3V 5V 1.8V 3V 5V 1.8V 3V
44
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Automotive FRAM production locationrujisu

Assembly and = HQ
1 Wafer Manufacturing
Assembly and SISt O Assembly and Final test

Final test o _ Assembly and
— e : Final test

Tongfu :
Microelectronics

Katoh Denki

Assembly and
Final test

AizuFujitsu
Semiconductor

Wafer Process
Assembly and __ :

Final test 5 —-.w

MTEX (VN) emiconductor Semiconductor
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Fujitsu FRAM support team FUJITSU

©
FUITSU
SEMICONDUCTOR FUJITSU

GROUP PROFILE
Marketing and

Wafer foundry Sales
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