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2015 BeIR ZEAS B4 it: TOP20 4 83Kk 2 v [H j

Tesla Model S

Missan Leaf

Mitsubishi Cutlander PHEV
BYD Qin

BMW i3

Kandi K11 Panda EV
Renault Zoe

BYD Tang

Chevrolet Volt (1)
Volkswagen Golf GTE
BAIC E-Series EV
Zotye 2100/ Cloud EV
Volkswagen Golf GTE
Audi A3 e-Tron

Roewe 550 PHEV
JACIEV

Ford Fusion Energi
Fard G-Max Energi
Kandi K10 EV &)

Kia Soul EV
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HAETE B AZ OB - Battery pack, BMS,VCU rujirsu

Key technologies
@ Battery pack
4 BMS
¢ \VCU
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Battery Management System BB E R4t rujirsu
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> &P e /Protection
> e ¥ /Cell Balance Management

> [ FEIRZES/SOH: Sate of Health

> EE_B'EgiJF_B'Eg/SOC:State of Charge

> G E H/SOB: State of Back—up

> N B LS /Charge management

> SCIFIEAE /communication

> H I, EERMN/Voltage&Temperature
Measurement

— > P57 /Data Storage

BMS
(Battery Management System)
\
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BMS % 4¢#48 fk FUJITSU

Motor

SPI .
* Current measure

Relay Contrgl Switch (Relay) 1

- Voltage measure

- Isolation monitorin#

. + =
Bus \ 4 o
| ‘ A == |
EV/HEV m i - | .F CE 1 ' ._ . %
J T S
Electrical I/F . 2d Ceees
> CE2 i =S
TS
| s
CE3 .| —
— 3B
1 E
+
CEn = -l::
Temperature - o .
Censor - 1 Coolant

» ECU collects temperature and voltage information from each cell and directs the
equalizer to maintain a balanced charge on the cells.

» Weak cells will get charged more often and stronger cells will discharge more.This
balanced control helps to increase the total life of the battery pack.
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Benefit of FRAM usage in BMS FUjiTsu

B Why FRAM?-high endurance, high speed

m To frequently record (e.g. every second or 0.1s) important data such as
voltage, current and temperature of battery cell to optimize the battery pack.
FRAM is used to record long term and short term history of battery cell, and
user for the preparation for power down. High endurance is key.

B Block diagram ~
Monitoring
4 N IC
Battery
\. Module
[
\_ Control Module ) Monitoring
IC
Battery
: . . Module
B Business information \-

Some customers in China are using 256Kbit SPI and 12C FRAM.

China government decides to create infrastructure for 5 million electric vehicle
in 2020 to boost popularization of EV car.

Many countries such as France, India, Norway and Denmark have a target to
eliminate engine car and accept only EV car.
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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 SR ) 252 BB e IRV A DA BB A, TR DR Wb 2 B 1 75 5K,
WP AT IORAS, s oo inBMS. MCUL EMS. TCU &5 TAE, L
PDUB AR URBh ] e oy B A2 W < T Re.

LM RIMCM

TCO

HVAC ‘ l

BCM
Radio Multimedia
RET P CAN
Accelerntor
ACC Pedal
BBEM TPMS ECAS
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Benefit of FRAM usage in VCU

B Why FRAM?-high endurance, high speed

m To frequently log (e.g. every second) event or failure data about PRND,
acceleration, brake, output torque etc

(o0}
FUJITSU

W Simpler SW without Wear Leveling to improve endurance when EEPROM or
NOR Flash is used.

B Block diagram gome CAN SBC |« | Diagnostic
' _ ) | Calibration
Accelerator Pedal . el __) Air con relay
E/Ira dke Pe_cia:] Channel elay drive Water pump relay
Kgy ii;\llwvélc switch > EPS relay
Air con switch detection IC MCU 4_’_ DC/DC
. Isolated | Isolated CAN |« ABS/ESC
Alr con g CAN - transceiver S/
console transceiver EM
dashboard MCU
BMS

B Business information
m Some customers in China adopted 64Kbit SPI FRAM for EV car and low speed EV.
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T-BOX/TCU FUjiTsu

/
T-BOX(Telematics —BOX)
TCU(Telematics-Control Unit)

ZEFHT-BOX, ZHEEMARFHEIUH 7, TN FET-BOX. FHAPPLIE G RS,
FHEEH T EGRER, UEAEMEEE R, EHT-BXEEHTHEG KA
/FHIAPPIE S, SEIFHLIAPPHI s B B 515

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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Benefit of FRAM usage in T-BOX FUJITSU

B Why FRAM?-High endurance,High speed.
v CAN communication data is stored into memory every 0.2s.
v" Positioning data is stored into memory every second.
v" Running data like brake, engine rotation speed etc is logged into memory
for 10s at the accident.
v" Data being stored in FRAM is transferred to Flash every 10s.

B Block diagram

CAN UART | Communication
CA
transceiver ~CAN <—> module
Positioning | yarT, MCU -
Acceleration ] module
Spee.d | sensor |43 <> OBD
Steering
Engine RPM L v

BM

B Business information
Some customers in China adopted SPI FRAM from 4kbit to 256kbit.
China government regulate T-BOX to be installed in every EV car.

European Parliament establishes eCall regulation requiring all new cars to be
equipped with eCall technology from April 2018.
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Roadmap of autonomous driving level FUjiTSU

4 Level of Automation Level5 54 E#k/Full Driving Automation |
100% I, i, RIS RGOR AR IE . AR
|

|

| TR PR AT AR P,
| Level 4 B E#N{k/High Driving Automation }
iﬂﬂﬁ, Jrlat, el h N E B RGRTERIRIE, NRBHHE
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___________________________________________________

| Level 3 A% HBNL / Conditioned Driving

|
|
lAutomation :
|
|
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| Level 2 B4y B &4k / Partial Driving Automation
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| Levell ZI§r#E /Driver Assistance I
IS, 5T, B R T VR 2 D B R 2 i
|

prer T ADAS

Wi, JrladE, fsh e b NS R AR

Advanced Driver Assistance System

=

0%

>
Today 2018 2021 2025
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ADAS B 3/ 2 34 B R 5t

[ ACC/HERGSEM | [ LDW/EERWESRS
Adaptive Cruise Control (Lane Departure Warning)
Sdanti o O e =2 ) LS/ R

L ANE DEPARTURE
WARNING

W & LANE KEEPING

\

(o0
FUJITSU

( ABB/BREANERSE )

(Autonomous Emergency Brake)

Approx. 5.0m

From Approx. 4 to 30km/h

o /

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

ADAS& — M &4 R A4,

. XEERGLLINRE

—_

AL FEAEB/LDW/ACC, F TS Fr e 4700,
W% SERHC S HE A8 S BT BUHE -

= P BEFRAMA™ ] DL A2 H 302 B B 225K (1) m] SEPEAN TS IR SE [ 225K
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ADAS (Autonomous car) FUJITSU

Central unit in vehicle must process the data for autonomous car at 1GB/s.
For efficient data processing, a lot of sensor data need to be processed at the
edge of vehicle before transmitting the data to the central unit.

-ﬂ-ﬂﬂ------
an -
“

= Central unit
Halo View - ol Blind Spot ; park
. Detection Assistance
&
r 4
4 Rear Collision
I 4 Rader 10—-100KB/s Warning
5 Traffic Sign == e Park Assistance
Recognition GPS 5OKB/S

Cross Traffic

Alert Sonar 10—-100KB/s

Emergency Braking Lane Departure
Pedestrian Detection

Lidar 10-70 Collision Avoidance Warning

Xeapiive Camera 20-40MB/s

Cruise Control

Surround View

g
- e
- e e o o e =1

Cars will sense and connect with many things for 360° awareness.
source: Intel
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ADAS (Autonomous car)

B \Where is FRAM needed?

(o0}
FUJITSU

FRAM is needed as data buffer (temporary

storage) near sensors such as radar, sonar or
GPS.Fujitsu will improve memory speed to

P ‘| Sonar/

Central unit
Camera
Lidar
Radar
Sonar
GPS

\u!

1GB/s
20-40MB/s
10-70MB/s
10-100KB/s
10-100KB/s
S50KB/s

cover all of applications of ADAS.

Sensor unit ~ Central unit
Sensor SoC
I I
FRAM NAND
I I
Transmitter | > Receiver

33Mbps = 4MB/s
Not enough

Not enough

Not enough

Good

Good

Good

23

Copyright 2017 FUJITSU SEMICONDUCTOR LIMITED



Benefit of FRAM usage in Air Bag FUjiTsu

®m Why FRAM?-High speed, low power,and High endurance

1. To store record about whether air bag properly operated just after air
bag is actuated. The record will be used to solve legal issue after
accident. High speed writing and low power consumption are key.

2. To continuously log passenger’s weight and actuate air bag by
appropriate strength. High endurance is key.

B Block diagram

Seat Position Sensor ——

Weight SensoFr——— N B
Occupant Detection——> MCU > ir Bags
Impact Sensor ————

Engine / Transmission

B Business information

Continental, Tierl in Germany, is using FRAM for their smart air bag.
Several customers in China are using 16Kbit I2C,16Kbit SPI FRAM.
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TPMS (Tire Pressure Monitoring System)  rujirsu

== i} J = n E ) -+ == K
i | //;hk . o " TPMS 3% {R
|I'l::;: \
S - ‘:'-n_‘.'
TPMS 3%/R18

» TPMS monitors the internal tire pressure of all tires, reports if

any tires are underinflated.
» The module, which is composed of a battery, a pressure
sensor and a wireless transmitter, are installed inside a tire

wheel.

(D Hard to change the battery when the battery life ends.
@) Need low power memory enable battery life to be long.
@) Need a high speed memory to log underinflated information real timely.

FRAM
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MWL H RSGHCT FUJITSU

Human-computer interaction
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Car Infotainment FUJITSU

® Why FRAM

W System needs to store user’s “last mode (or current data)” when engine off or
interrupted by navigation, back-monitor or phone. High speed and high
endurance memory is needed.

® Need to store and update telephone directory quickly from Smart Phone to
infotainment.it takes 300s-360s if EERPOM or Flash is used,too slow for Car
makers.

W Some are using EEPROM + Super-capacitor due to cost being concerned that
Super-capacitor is weak against high temperature.= Reliability issue

S

STOP
ENGINE
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Benefit of FRAM usage in Infotainment FUJITSU

B Why FRAM-High speed write, High endurance
B System needs to store user presets data and the current data.
B Advanced infotainment in Japan and Korea needs to store real-time and
then restore current data(current mode, operation log and GPS)

B Block diagram

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

—Navigation

CAN Module b= soC || eMMC || map data
(NAND) audio/video

data
work memory | DRAM |j—i ‘ FRAM 4G to
LPDDR4 1G to 4GByte _128GByte

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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Car infotainment (EEPROM+Super Cap use case) rujitsu

B Use EEPROM+Super capacitor
B System needs to store user presets data and the current data.
B Using EEPROM, Mid-range infotainment needs to store real-time and then
restore current data(current mode,operation log and GPS) with in case of power
down.but EEPROM needs super-capacitor to secure the data for long write

cycle time.
B Cost of EEPROM+Super capacitor is higher than FRAM

B Block diagram BOOT
— 16Mbi
L_‘ NOR 8 to 16Mbit

— Navigation

eMMC map data,
(NAND) audio/video

Touch controller |‘—'

CAN Module = SoC 7 data
EEPROM || 4G to
_ 128GByte
work memory J DRAM |j=—i 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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Cost comparison:FRAM < EEPROM+Super cap

(o0
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

Super
Capacitor

EEPROM
chip

EEPROM

BOM cost comparison

EEPROM

FRAM

FRAM

* Abnormal event

System Power
EEPROM write fail

)X """""""""""
4"/

EEPROM needs super cap.

3 Super cap can be degraded at high
temperature such as 70C gradually.

Need high enough size of capacitor.

' Big difference

_Write cycle = 5ms

5ms

v

150ns

>

Total BOM cost

o Data log point
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Advantages of FRAM FUJTSU

Three big advanages of FRAM

' High
Endurance

High speed
writing

Low Power




Benefits of Automotive FRAM FUJiTSU
N
v" Lowest operating power consumption
Low Power in Non-volatile memory
v' 1.8V operation at 125°C )
N
: v 10?3 endurance, 10 million times longer
For Data Iogglng endurance than EEPROM., )
- v' 33MHz operation
ngh Speec' v" NO wait time during writing

v Strong data retention in case of A
unexpected power down due to high
Robustness speed writing
v Strong magnetic immunity y
~

v AEC-Q100 Gradel

v PPAP

v' 100% Shipping test at cold, Hot and
Room temperature )
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High Endurance — Required Spec FUJTSU
Example of storing period:

Once a 1 second

Simple Calculation :
Required endurance to memory is

320,000,000

for 10years operation
(60sec x 60min X 24 hour x 365 days x 10 years)
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High Endurance - Spec of memory rujisu

Endurance

1012
1011
1010
10°
108
10
10°
10°
104

Outperform

Underperform

FRAM EEPROM Flash

b
Requirement

320million
Times

Copyright 20
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High Endurance — W/0 Wear Levelingujisu

Controller (MCU) FRAM

DN| seseeeee D3(D2/D1

Address-2
Address-1

Data Stream

Benefit for customers
1. FRAM with smaller density can be used.

2. FRAM enables Simplification of the
software.
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High Endurance — With Wear Levelingujisu

B Some EEPROM users adopt wear leveling to avoid reaching
endurance limit of EEPROM. Here is an example.

Controller (MCU) EEPROM

Memory
Segment-1

Address-2
Address-1

Memory
Segment-2
: Address-2

Address-1

Memory

Segment-3

& Address-2
Address-1

Memory
4t write | Segment-4

D1,D2 S Address-2
Address-1

DN| ceeeeess D3/ D2|D1

Data Stream T
Aging table

N
N

NS,
N -
\. ~.
.
\
. A
.
.
. ~.
\ S,
\. <,
. ~
N
N,
~ .
s
\
N 4 S
\
N
.
.
.
\,
\
\.
\.
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High Speed Writing FUJiTSU

i
[
gl

i

i

I

EEPROM

5msec
Y wite
0.05msec

FRAM

—

0.90015msec

Time
If power down happens during writing,

FRAM : Data stored

Other : Data lost



Low Power FUjiTsu
Example: 64Byte data writing (I2C I/F)

0.6msec ("), 5msec |

ceproM |53 TR a

= 79,500n] )

Command
FRAM| “0.1ma

= 180nJ (")

Time
More than 400 times lower power, Enable
longer battery life

* 1MHz, 3V Operation
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Summary of FRAM advantages FUjirsu

FRAM EEPROM Flash
1. Endurance ¢/ 1013 times X 106 times x 105 times
2. Write Cycle Time 0.00015msec
(1Byte) ./ (Figure 1) x Sl x JHOETEEE
3. Power Consumption 0.0007ul
(1Byte Writing) 4 (Figure 2) X s3u1 | X 3u)
Y . Erase and Erase and
4. Writing method ¢/  Over write Write x Write
— 10 = 0T ooy
3] . mes
3 33K times = 10 !
E 1 S
w =t 1
£ 01 £
: > 0.1
—_— c
5‘ 0.01 S 0.01
2 0.001 g 0.001
= 2
0.0001 - | 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
8M
4M

2M
iM

512K
256K

128K

64K

16K

4K

(o0}
FUJITSU

3V

1.8V

3V

5V

= } Newly Added
| 16Mbit
8Mbit QSPI = ;
| 4Mbit QSPI | — |
4Mbit
2Mbit ]
1Mbit ] T e
512Kbi£ ) — ]
( —256Kbit @@
( 128Kbit ] -_128i(bit
64Kbit e
64Kbit ] 64Kbit ]
16Kbit .
[ 16Kbit ] | Binal‘)rglé(]):l-}-nter 16KbL]
SPI Parallel ...............................

1.8V 3V

Y|
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Automotive FRAM Lineup FUJITSU
B  Automotive products:125°C, AEC-Q100 Grade 1

Density A —
(bit) MP Newly Added
4M 2Mbit (Automotive)
M 3Mbit (Automotive)
iM 1Mbit (Autombtive)
256Kbit (Automoti
256K 256Kbit (Automotive) JACIEEND
256Kbit (Automotive)]
128K 128Kbit (Autoﬁwtive)]
64Kbi:t (Automotive)
64K - - :
64Kbit (Automotive) 64Kbit (Automotive)
16K

1.8V 3V 5V 1.8V 3V 5V 1.8V 3V
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Automotive FRAM production locations;

Assembly and

Final test
Assembly and

Final test

i =
—— =

u Foces 2y

Tongfu
Microelectronics

Assembly and
Final test

&
{
A )

Wafer Process

Assembly and
Final test =

S
e e

— o _" el -
i }—
\ - P B =
LR [} .1
¥ e

_ Mie Fujitsu
MTEX*(VN)

A vy

Semiconductor

N HQ
B Wafer Manufacturing
O Assembly and Final test

Assembly and
Final test

Katoh Denki

B oo
LT o F LM

“Aizu Fujitsu
Semiconductor

i &

" Fujitsu
Semiconductor
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Fujitsu FRAM support team FUiTsu

©
SEMCONDUCTOR FUJITSU

GROUP PROFILE

Wafer foundry Marketing and

Sales

High Quality and High Performance Memory

* FUJITSU SEMICONDUCTOR LTD.

Y T High Reliable Technology and Services
. * MIE FUJITSU SEMICONDUCTOR LTD.
* AIZU FUJITSU SEMICONDUCTOR LTD.
* AIZU FUJITSU SEMICONDUCTOR WAFER SOLUTION LTD.
* AIZU FUJITSU SEMICONDUCTOR MANUFACTURING LTD.

Global support

* FUJITSU ELECTRONICS (SHANGHAI) CO.,LTD.
* FUJITSU ELECTRONICS PACIFIC ASIA CO.,LTD.
* FUJITSU ELECTRONICS INC.

shaping tomorrow with you
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