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Our Expectations Are Growing: The Car Industry

LAST 220+ YEARS (1770 - 1997)

Toyota — Hybrid Electric

1997
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Pace of Innovation is Accelerating

LAST 20+ YEARS

Electric Powertrains

2004
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Company Profile

Automotive Trends

New Energy Driven
« Technology: Battery, Motor,

MCU

« Participator: OEMs, Battery
manufacturers:

@' - 25EV (4
Y Year:2020 N

\ Produce 600k EV/HEV

Year:2020

. vaernmént(China):

;

Annual sales over 30k

units need to comply

Need to obtain 10% of
credits for NEVs in 2019

Connected car
Technology: DSRC,LTE-V
Participator: Communication
Enterprises, OEMs, Tierl,
Government

COID 2. O <o~ - @£ @niinental S pAIMLER  DANLAW DENSO
E. FEv wocons ez gemallo’ S mod MBI eSS
@LG nokia ddcomo Quaomww Hiniscuwane @55_3,5 [ ) Jp——

viAvi _$® 7E

Autonomous Driving Car Sharing
Technology: Sensor + Data *  New business mode
fusion

Participator: Communication
Enterprises, OEMs, Tier1,
Government

Level 5 Autonomous Cars

@ Automated
driving system




Innovation Is Cross-Domain

KEYSIGHT HAS LONG STANDING EXPERTISE ON ALL

D O MAINS
, « 2G /3G /4G /5G « Automotive Radar 8. 5.-.-,
- A _ + 802.11p DSRC . 5G By 56
I.'l:e.. T %« Bluetooth, NFC - mmWave backhaul
* In-Vehicle Communication » Battery
Energy /
« Long-hall Communication ST * Power Converter
. * Grid
Datacenter  gffy} fga "%ﬁ
INVERTER
« Automotive Serial Bus High L « Power Semiconductor
« Computer Speed Power

* Smart Device Digital

t CAN BUS |

» Wideband Gap
Component :
» Packaging . @
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Company Profile

Our insight, Our solutions, Our focus

HARDWARE+SOFTWARE+PEOPLE=INSIGHT

£ New Energy Services
— 7
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|
A IT(EEYNSOISGIE + sc'enla b- Energy SO|UtI0nS IT(EEYNSOILSGITIEI = ACCelerate Technology Adoption , Lower costs
Including: One-Stop Calibration Services N

BMS | | - \'
sattery Uptime Support S &

Inverter R Ny

OBC CRIK al

Charing Infrastructure Asset Management w_ Ul ||

AM KEYSIGHT &2 | eading brand Af KEYSIGHT == Comprehenswe Solutlons
| Radar
-~ ‘ i' eCall
el _. 5 Car Ethernet
Mobile : Network  Core Data
: Devices VDT
Chipsets Access Network Center And More

o= Connected Car Autonomous Driving
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http://www.keysight.com/find/calibration
http://www.keysight.com/find/repair
http://www.keysight.com/find/assetmanagement
http://www.keysight.com/find/calibration
http://www.keysight.com/find/calibration
http://www.keysight.com/find/calibration
http://www.keysight.com/find/calibration
http://www.keysight.com/find/calibration




HEV/EV Worldwide Forecast
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Trends

Strong growth in HEV/EV vehicles
to meet Fleet Regulations
Significant growth in Mild Hybrid
imminent

Crude Oil Price Fluctuation impacts
growth timing

2018 2019 2020 2021 2022

2017

mEV ®m(P)HEV m=Mild 48V mMild HV

CAGR: 26.7%

CAGR: 65.5%

CAGR: 21.3%

CAGR: 26.3%

2023 2024 2025

Source: Average of multiple reports (Navigant, Yole, ,etc.)



Company Profile

Wide Bandgap (WBG) Technology Adoption

1000,0 M$

out

900,0 M3 Source: Yole Développement
sooms | Advantages compared to Si \*E@t RED / Others

. Ships & Vessel
700,0 M8 Breakdown Voltage (>600V) l@* ps & Vessels

e Low resistance u Smart Grid Power
W |« Faster Switching (> n) " Rail raction
so00ms |« High thermal conductivity =PV inverters

B Wind Turbine

400,0 M5

B Motor AC Drive
300,0 M$ mUPS
200,0 M$ +17%HE“' HEV/HEV
mPEC
100,0 M$ .
pons N . .
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Company Profile

Automotive & Energy Segments

SMART GRID, HEV/EV, BATTERIES

Drivetrain

Diesel
Generator

Fuel Cell

Wind
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Company Profile

HEV/EV Economic Drivers/Constraints

- - - - - - - \
CO, taxation driving sales of low emission cars — Sales in EU-15 countries shows preference towards

fuel efficient cars with lower CO, emissions. Diesel lost 7% market share in 2009. source Frost & Sullivan

Fuel Economy legislation — NHTSA established a strict regulations for America auto makers to
achieve 35.5 mpg by 2016 (39 mpg for passenger cars) source the International Council on Clean Transportation

Government incentives — $2.7B worth of programs are being implemented with $1.5B for batteries,
$0.5B for EV mfg components, $0.4B infrastructure and $0.3B for others source Global Policy Group

Energy cost volatility — Crude olil price fluctuation (~$45-$140 price fluctuation in the past 24 months)

Source Bloomberg

Range Anxiety - Even people who never drive beyond 80 miles in a day want the option to do so.
Source Quora

AN

Charge Time — The length of time to fully charge your EV is not similar to filling your gas tank.
Even Fast charging takes 15+ minutes.

Charging Infrastructure — Less than 10,000 public charging stations as of April 2014,

Source: US Department of Energy

R



http://www.istockphoto.com/stock-photo-14156066-law.php
http://www.istockphoto.com/stock-photo-12636367-greenhouse-gases.php
http://www.istockphoto.com/stock-photo-5408713-share-quotation.php
http://www.istockphoto.com/stock-illustration-6554186-toward-success.php

Company Profile

HEV/EV Powertrain Architectures

Full/Parallel/Strong Hybrid

Mild Hybrid
Lli:c:‘t;ild P Engine D é
["2]
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PEES Motor/ g
Battery (= Generator =
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10- 20 kW

Honda Insight

eREV/Series Hybrid
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Liquid Fuel
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Motor/
Generator

Engine
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Motor:

40- 80 kW

GM Volt

]

Fuel

Ligquid -

Engine

Battery [d=

Motor/
Generator

(]

Motor:
60 kW

[—] BEV/EV @

c
e/
Motor/ ?
Battery 1¢= Generator |© 7 E
-
) ome OO
60 - 180 kw

Source: MIT Electric Vehicle Team, April 2008
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Toyota Prius

Ford Focus


http://en.wikipedia.org/wiki/File:2010_Honda_Insight_LX_--_10-03-2009.jpg
http://en.wikipedia.org/wiki/File:Toyota_Prius_III_20090710_front.JPG
http://en.wikipedia.org/wiki/File:2011_Chevrolet_Volt_2_--_04-21-2010.jpg




From Now to the Future

WHY LI-ION BATTERY

 Li-ion Battery

* Fuel Cell
Battery

« Graphene
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Self-discharge: water barrel analogy

 Barrel of water filled to a level. ——p» « Water level is cell OCV.
* The water leaks out of hole.  =——> « Flow is the self discharge current.
» Eventually the level drops. = - Change in OCV vs time.

@ « How fast is the water

dripping out? You can’t

Barrel

l tell.

* You can only measure
the change in water level
over along time.

Leak
't
'
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Potentiostatic self-discharge measurement

DIRECTLY MEASURE CURRENT, ELIMINATING NEED TO WAIT DAYS/WEEKS

Keysight 2. Source and
Self-Discharge measure the

Analyzer water flow into
.0 ‘ the barrel
()
1. Hold water ‘
level
constant t
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* |f water level is held constant,
rate of water in = rate of water out

* This is the potentiostatic method

« If voltage is held constant,
current into the cell = discharge current

Cell Current [pA]: 117.64 y
Cell Voltage [V]: 3.371886 [

Cell Temp [FC]: 24.21
Time: 03:02:01.851




Test results - Self-discharge measurement

« 32x 18650 cells; 4-hour test. Some have resistorin  « 18650 cells: differentiate good vs. bad in just 15
parallel to simulate leakage. minutes

 Stable results in ~3 hours; discern good vs. bad in « 248 cells are good cells. They stay clustered together.

20 minutes. Current 32 [puAl: 110.3 |+ 8 cells are bad cells. They quickly present themselves

Temperature [°C]: 24.279 outside of the cluster
Time:; 02:15:20

Measure cell
self-discharge
current

Discern good
vs. bad cells in
minutes
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Challenges in power circuit design
Lack of EDA tools for circuit design with WBG (SiC/GaN)

U

High switching frequency along High switching frequency and associated
with high frequency components in surge/ringing cause malfunction
waveform causes unexpected EMI

0 1

Lack of power circuit simulation tool.
Prototype circuit explosion due Conventional tool may work for low frequency
to unexpected surge circuit but not for WBG device circuit

KEYSIGHT
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Enabling technology — Promising simulation

ADS, Keysight math model and measurement results can change the world

~—— Simulation with a conventional model | 1 Apply Keysight mathematical model and key measurement data ~ |Simulation with the Keysight math model |~

Dotted: Measured Dotted: Measured
Solid: Simulation Keysigh math basic current equation Solid: Simulation

las = I X (1 + tanh(gp)) x tanh(a x Vo) x (1 + A x V,) 35 Turn on 700
600

» Specially developed mathematical model uses 500

tanh in current equation or capacitance equation ‘ Polynomial model based 400:

» Good convergence 300"
» Easy to represent complex IV or CV on a math model 200-
* Less number of parameters ( < 100) 100
* Generic and applicable regardless of material or 0
structure
Turn off 7‘:}%0
25 500 -V 2 r/’/) C-y =™ o 30 Turn off “ 600
< fg ;‘gg > 2 Leos < 25 500
= % \" CDSS -‘-P ~
=10 200 < e © 20 400>
gs— ! HEN — SIM a N
0 0 ‘ S Vo 105 RMS Error : 5% ~710 200
'50 * 10‘0 . 20'0 . 300 - 400 : 50(-)100 — 0, 100 200 30/0 400 500\ 600 1Hﬁgm TE02 101 16400 1£:01 1E+02 1E403 5 100
Time / ns by B1505A eV DPT () Taken by B1505A (5) =T ?00
0 100 200 300 400 500

On-state C-V through S-parameters Time / ns

W f don’ h S-parameters for circuit parasitic
= . s 4 . . :
SRS Ofis ontma_utc e ta Excellent matching between
Exact waveform match is critical for e e = <2 simillationiani e e e
o o @ (&)
noise calculation as waveform S - w
contains high frequency components e b B i
N 10k 100k ™ 10M  100M 1G
L Fresema i Frequency / Hz
- J N Y,

* DPT = Double pulse test

KEYSIGHT Optional Title of the Presentation : 19
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Circuit simulation based on the model and

analysis

Conventional

New method

electromagnetic

measurement_lds
Ids, A
Vgs
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Current density analysis over
frequency using this method
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952 953 954

time, usec

SPA
SPA_JUe Wainsea W

mag(freq_meas_Vds)
mag(freq_D2)

DS

Frequency characteristics

1E3

1E-1—4

1E-2—

1E-3

1E4

freq, Hz

—— Simulation
—— Measurement

)
Vds Power in mag : Sim and Meas
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New Energy, New Test Requirement

KEYSIGHT TEST SOLUTION

Test environments for innovative
components in the automotive and
industrial sector.

scienlab

Charging technology MS Energy storages

Inverters 48V Common Rail

2

O
=

KEYSIGHT
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Development and testing along the V model

; System
Requirement <
acceptance

System
integration
and test

N

System design

Component ¢ Component
design test

Design and

Implementation validation steps

B Conventional
testing possibilities

KEYSIGHT
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= Close the test gap using a Power-HIL system

Requirement < ac?:fp’)ttzr:ce

£
b
ol
'
qQ

System
integration
and test

N

System design

Compgnent ¢ Component
design test

Design and
validation steps

B Conventional testing

Implementation possibilities

B Scienlab complete
solution

28



Different test scenarios for inverters

CHALLENGES OF INVERTER TESTING

. . . Inverter test scenarios
Dynamic tests in complex test scenarios

with modifiable variables and parameters

Modern inverters include due to security Communication Functional verification Efficiency Precision
requirements partially intelligent error

detection mechanisms that require a I ——
dynamic and simultaneously precise

emulation of all signals and variables Sensor Software verification Thermal Dynamics

under real conditions
Intrusion of complex failure scenarios

Simulation of recorded measurement Maximal range Safety . Signal . Durability
profiles (e.g. WLTP, ARTEMIS) (speed - torque) (line break & short circuit detecti

Evaluation of the control accuracy,
efficiency under reproducible conditions

Functional tests
mm Quality & Performance tests

Test automation to achieve a high test o> s
scienlab

Coverage ® o) i 1”\4?H\‘:! \

| - ¢

Eiisil
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sssss lab | © u, Md
A NN
—g [ fein Gear
Uoc o - ) % Box
Inverter requirements Emulation requirements

Torque bandwidth of 1 kHz or less

\’

J Requirement for inverter testing = Emulation of machine torque of max. 1 kHz

v

J Requirement for machine emulation = Machine emulator with max. 20 kHz
J Scienlab Machine Emulator:

Update of the emulator voltages with 20 kHz can emulate all relevant machine effects

Optional:

kevsigHT  If torque bandwidth is > 5 kHz Scienlab offers a variant of the Machine Emulator with
TECHNOLOGIES 100 kHz switching frequency

2i5)



Inverter verification:

EMULATED TEST ENVIRONMENT

Visualization Data server Automatization MCM = Measurement & Control Module

HiL system <

e -
Position and temperature 37616\,6%) a2 )
MCM MCM MCM signal C'f, o'%) %A' e
Sensor ,6'.6;, Y
| Supply | CAN ||/O | Emulator )a,ar i E,:"“"”ft
Dynamic DC | | | e e 2
Emulator Inverter Emulator

scienlab
Invertes

e e g - g o
.’ . Test Bench Guard
Chamber oy

‘ ‘ Climate
[

Conditioning Unit

Test Bench Guard <

YYV TECHNOLOGIES
MCM = Measurement & Control Module



Powerful software solutions

Basis software projects, including models B— ==

J— - ence rser e Loar oes

or interface-libraries for following open platforms: |
Vector CANoe e P = Zm —
dSPACE ControlDesk : _ = =
ETAS Labcar |
National Instruments driver e ” =t
Beckhoff driver — p—— e —

. Other software easily adaptable through vl 2

open and well documented protocols e, T — e — RNl
. Scienlab solution for manual use: i
Software Emulator Control ——c — — = b S| ———
- — = | = e —
- e el — = o ——
e - | = : e
= — d—— e
0,015 o
0,103 ww
KEYSIGHT - J R
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Machine Emulator

INTERNAL STRUCTURE

Optional

o U
oV

Active Resonance  2-QS S — 3-phases Output

Front End Converter Power Amplifiers outpu Power Amplifiers Chokes

3~ — AgpiF T — -

400 Vo— AFE T — .
50 Hz o— — F : - —

L — .

| _-_

[S— — -

Dynamic internal DC voltage for improved efficiency

Switching frequency pro IGBT:
5 kHz - dimensioned for long lifespan

Update per IGBT — 2 x per period

Interlaced power stages (phase-shift) —
for update every 20 kHz

Non-PWM modulation for event-based switching

KEYSIGHT

TECHNOLOGIES

o w

/5000 008,
~..5000.0us "

0. 00l :




TOI'Clue JUmp Test

Torque Torque Speed Speed
— Jump _/ Jump D Change O Change
0->150Nm, 10->150Nm, 50->2500rpm, 2500->50rpm,
200NMY/S, 200Nm/s, 300rpms, 300rpms,
@2500rpm @2500rpm @150Nm @150Nm

H' ”“\M,

i "‘“' | \,,,«\/ I \\

.

M

il
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Testing‘the components of the electrified driVetraih

Grid emulation Device under test EV emulation

Battery
Test System

Climate Chamber

KEYSIGHT . . . A > 3 Conditioning Unit

TECHNOLOGIES

Test Bench Guard



Q&A
Thanks

EEEEEEEEEEEE



