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Outline

Who we are

Internet of Things (loT)

Smart Wearable Devices
* Design Process
* Electronics Challenges (RF and System Simulation)
* Mechanical Challenges (Thermal and Structural Analysis)

Summary
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Ozen Engineering, Inc.

* Provides the local Ansys expertise in Silicon Valley
* Located in Sunnyvale %

* No ticket system for support!
— Call us (a live person will pick up)
— Walk-in (bring your problem and work on it with us)
— Email us (no automated responses)
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OZEN ENGINEERING, INC.

\ 1210 E. ARQUES AVE. SUITE: 207

' SUNNYVALE, CA 94085
(408) 732-4665

With over 30 years of experience in Finite Elements Simulations and Info@ozeninc.com
Engineering Consulting, we collaborate with customers to provide the WWW.0Zenine.com
best in class expertise and solutions to their problems, enabling them

to succeed.
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* Instant compute capacity

— Computing power without
administrative overhead

* Familiar desktop GUIl and
workflow

— Remote desktop for full pre/post
processing

* Easy file transfer with Dropbox
— Box.net/SSH/other methods also

available Dropbox
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ANSYS

Market leading FEA

Market leading CFD

Market leading Electromagnetics
CAD independent

Depth and breadth

HPC R&D

Human Body Model

-
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Internet of Things (loT)

“Smart” interconnected devices

-> 50 Billion connected devices by 2020

INDUSTRIAL
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- Automatic sensing (M2M)
- Human interaction (H2M)
- Connectivity

- Cloud

- Analytics
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Sensors Gateway Cloud Apps
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Engineering Challenges for loT

Things Network Data/Cloud

Sensing & Processing Network, Gateway, Supervisory Logi Storage & Analytics

Prescriptive
Embedded So Analytics
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Machine to Machine Interaction

Capture data = Process data 2> Communicate

Sensor Analog Processor Antenna

T
Interrupt Controller
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Robust low-cost Low cost Low power EMC compliant
MEMS Integrated ADC Processor

to Digital Converter D. 0OZEN
W _ ®» ENGINEERING




R D O VR, TG, v e ! Soeion N, VEEES WORRE Y WL G G UGS A 1N YRR R A N

Contour Plots
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Human to Machine Interaction

Smartphones = High performance
= Multi-mode antenna
High-end . C t reliabilit
e m omponent reliability
= Battery, cooling
Mobile Power Mgmt. * Robust software
Computing
Automotive
Infotainment / m /
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Edge

Devices

Mobile
Platforms

Performance High Speed
Robust Antenna Per Watt System Cooling
Il l B ‘

s an entry point into enterprise or
w%‘izlude routers, routing switches, .. OZEN
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Common Design Challenges and Solutions

HRESULT MainPage::btnl Click (IXRDependencyObject)
ARMocusedutLonEventl
Antenna 1 Ext.
Interface HRESULT hr = E_NOTIMPL;
Processor i (IWULL == pSender) || {NULL == pArgs))
Radio ! : hr = E_TRYALIDARG;
victim
/f Pind the storyboasd
Antenna 2 IXRStorybeard* pStoryboard = NULL;
Sensor m_playoutRoot->Findiame (TEXT{"Rotatedutcr
Actuator ] Power EM s ‘(;J:R(‘)ape;aten:::yob
— https://iwww.tindie.com
High-Fidelit . . . .
c & i€ty Mixed-signal Cost Optimized Fault-free
ommunication . .
The electronic reproduction of sound ProceSS|ng Electronlcs Embedded COde
with minimal distortion. Digital processing & analog circuitry

=

System
= Simulation driven virtual prototyping

Top Down

Bottom Up = Multi-variable optimization

= Cross-functional collaboration
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@ ENGINEERING




Component Validation and Sign-off

Converge on individual physics

Electronic
System
Development

i b= Sk s B
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Simulate

-
ARES 1
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[Analyze

Thermal

Structural

Electromagnetic
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Smart Wearables Technology

Wearable electronics have quickly become
an integral part of our lives. Smartphones,
smart watches, Health/Medical devices,
and fitness bands are enabling us to stay
more connected and productive.
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Human Body Model

. Up to 304 objects for most detailed model

*  Can turn parts of on/off depending on their
significance.

. Individual body part visualization

Frequency dependent materials are included
for all body parts (from 10 Hz to 10 GHz).

- 4% human_average
Frequency dependent:> - 4 human_bone_cancellous
materials built-in - 4 human_bone_cortical
(- 4 human_brain_avg
— - ¥ human_cartilage
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[+ 48 human_muscle
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Smart Wearable Case Study: Smart Watch
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Smart Wearable Designh Process

Electronics System
*  Antenna Performance
*  PCB Performance
*  Charger Performance

Tools needed:

System Design
Goals

*  HFSS
. Slwave

. Maxwell

. SpaceClaim

* (Cost

* Performance
*  Durability
* User Experience

Y

Control Design
* Wireless Control
* Data Processing

|
|
|
N I T

Mechanical System

*  Mechanical Durability
= User Experience

*  Manufacturability

Tools needed:
. ANSYS Mechanical
. SpaceClaim

A Tools needed:

Scade Systems

i,

21 Final Product

System simulation



System Design Goal

The Smart Watch will:

* Perform Health Tracking (Blood pressure, Pulse rate, etc...)
e Stream music via Bluetooth speakers,

* Display Smart Watch functions on LCD

— Key Electronics Systems
—  Omni-directional Antennas
— 3 layers board within 4X4cm
—  Wireless power charging

— Key Mechanical Challenges
— Impact resistant
— Manufacturability
— Comfortable to wear

— Control System
— Control two wireless systems simultaneously
— Generate a robust code to ensure accurate measurement

and display of health data. | A — ]
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Electronics System

* Antenna Design
e Start with a basic design
* Wrap antenna around the wristband
e Tune Antenna to vastly improve
performance

 Power and Signal Integrity
e Start with an initial layout
* Verify critical paths in PCB layout
* RF & Critical Digital interconnects
* Improve layout to handle high speed data

* Wireless Power charger

e Design and Optimization of the Wireless Eye Diagram
power charger

OZEN
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Geometry

SpaceClaim is used to create and prepare the simulation geometry

@ Ed9--

-

simple_Watch_antenna Bending - SpaceClaim

=1 = 22
= Design | Insert Detsil  Display  Measwe  Repair  Prepare  ShestMetal  KeyShet o @
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J - & QZDDI‘H - DA z & A @ o %Project . R mﬁl'u'lirror @Orient afs Anchor
Clipboard | Orient | Sketch | Mode | Edit Intersect Create | Assembly
Structure o Ly
Click an object. Double-click to select an edge loop. Triple-click to select a solid.
4 [/][% simple_Watch_antenna Bending  »
M Ant?wrapped ANSYS
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__- Surface 3 "
b [ |05 Medifiedwatch
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Antenna Design for a Smart Wearable Devices

* Antenna Design Using HFSS

* Multiple antennas on a device create interference

* Wrapping of antennas degrades performance

* Parametric simulation can address these challenges

1) Bluetooth Antenna: 2) Bio-sensor Antenna:
2.4-2.485 GHz e 400-450 MHz
Return Loss= less than -10 dB * Return Loss= less than -10 dB
Flexible substrate * Flexible substrate

I
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Antenna Design Results

S11 is a measure of how
Results

0.00 . antemad | mych power is reflected

] ' back at the antenna port
] due to mismatch from
the transmission line

5.00 |

10.00 -

S-paramllers (dB)
o
o
o
|

20.00 -|

Antenna Return Loss

25.00 -

-30.00 |

000 ok T 100 15 200 2k
Freq [GHZz]
1.96

Antenna 2D
Radiation Pattern

Antenna 3D
Radiation Pattern
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Antenna Wrapping — Optimized

Bio-sensor
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PCB Power and Signal Integrity
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PCB Power and Signal Integrity
* SI, Pl, and EMC/EMI using ANSYS HFSS & ANSYS Slwave

Original Design New Design

e "_,,\ USB Interconnects i —— T ———
fails the specs at [\ \

2GBs §

USB
Interconnects
passed at 6GBs

\ ;\: ~ o2 s S
Wi ._‘__(__:,:rllﬂ.cal Interconnects > USB D. —
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Wireless Charger > Transformer Design

Optimize the performance of Wireless Power Transformer

D-OZEN
® ENGINEERING
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Wireless Charger > Optimized Transformer
in Maxwell

Charger Gap

Coupling Coefficient Vs
Gap Vs Slide

Wireless charger in operation

Charger Sliding

OZEN
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Mechanical Challenges

Manufacturing Process

* Impact/drop
* Reliability
* User experience

Thermal

D-OZEN
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Manufacturing challenges

Forming of the Antenna

* Inthe ANSYS Wristband, the antenna need
to be wrapped around curved wristband.

* This introduces stress in the antenna and
may cause failure.

* Inthe initial design, the stress around the
bend was too high. This was adjusted to
improve reliability during manufacturing.

Adjusting the radius of
curvature helps to
reduce the stress during
the forming of the
antenna

/ )
X
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Electronics Assembly Process

The use of lead free solder and flexible PCB
introduces many challenges during
electronics assembly.

Soldering Assembly

Lead free solder requires high soldering
temperature while flexible PCB can not
tolerate high temperatures. This means
soldering process needs to be designed
carefully in order to insure good connections
while minimizing damage to the PCB.

The goal is to ensure that solder paste is
heated to the right temperature for the
manufacture recommended duration while
other components do not exceed the

manufacture recommended temperatures.

PCB

Heater

Paste

OZEN
ENGINEERING
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Electronics Assembly Process

Solder process temperature

* Simulation of the soldering
process allows designers to
predict the temperature of
each component throughout
the solder process.

* By adjusting the duration of

and heat load for each }
soldering step, a high quality — — *
assembly process can be ;. A« Solder melting
maintained. 15— \\
2 1o Solder Temperature
75 —
24,652 T T T T T
a. 40, 30, 130, s 200, 240, 270,

[s]
Adjust heating profile to insure PCB is protected

2133 |~ j&=———— PCBOK
80, —
— 70, —
2 a0
R—— 0.7 PCB Temperature
BE WS

W 2
“ [; lli-ﬂ. ;30. ::.20. :ll.ﬁﬂ. lzﬂﬂ. I240. 270. 0 z E N
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Structural and Thermal Integrity

* Dropping or hitting portable electronics is the
leading cause of device failure

e The ANSYS Workbench simulation environment
makes rapid virtual prototyping a reality.
Geometry from

* The initial design can be tested, redesigned and SpaceClaim

optimized all in a virtual environment. .

Add impact surface

Generate Mesh

z
[
¥
g
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Structural and Thermal Integrity

- A -

 Skin comfort is a key requirement Em 1 steadyState Therna
f bl | . 2 | & Geometry 2 | @ Engineering Data v
or wearable electronics 3 st o 3 @) ceometry v
* This watch can be operated at 4 souton -\_.4 @ Model v
maximum power for 8 hours Filter demo 5 @ setp v
without overheating 6 | @3 solution v 4
7 Q Results v

Steady-State Thermal
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Smart Wearable Reliability

* The #1 failure mode for wearable
devices is due to drop/impact.

e Simulations can help to determine
the effect of an impact on the
device before prototyping.

* This allows designers to improve the
durability and reliability of the
device.

Deformation of the ANSYS Wristband
due to impact

Damage of the LCD screen due to the
impact. This is prevented with design

modifications.
D-OZEN
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User Experience

* The ANSYS Wristband is not expected to operate at
high power for extended periods of time.

* A transient simulation shows that the device can
operate at high power mode for 500 seconds
before the temperature exceed desirable values.

* This is deemed acceptable.

46,743

42.5
40,

["C]

375

32.064
0. 100, 200, 300, 400, 500. a0a.

This graph shows the tempe[rs:]ature on the bottom of
the watch. It shows this watch can be run for 500s

before the temperature exceeds 45C.
——----‘m.é,; -

AR

-
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loT Devices Will Be As Complex As A Phone
But Consume A Fraction Of Energy

Kilowatt-hours Of Energy Use Per Year

12

4
l 0.004
iPad iPhone IoT Node

R e W
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==- " Sources: Electric Power Research Institute, Global Foundries ® ENGINEERING
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* Delivering Power Safely & Efficiently

— Wireless charging

— Energy harvesting
— Regulation compliance (e.g. SAR)

3

Image courtesy Medtronic, plc.

* Reducing Power Consumption
— Low power IC design (e.g. 3D IC)
— Efficient antenna design
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Smart Devices Demand Safety Critical
and Secure Software

,]; —\M_egr;ted_ Sa_l—ety |
\),\ r———
Millions of lines of safety & security
critical code in smart devices

£
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System Verification

Simulating the whole Electrical Module
Adding Human body model to simulation

Simulation in the realistic noisy
environment

0.00

500

S-paramters (dB)

g

o
8

Crcut1

421

o,
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System Verification

Simulation in a Realistic Noisy Environment

Noise Source 1

_—> Receiver

Transmitter
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System Verification
Complete Virtual Prototyping
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@ ENGINEERING



Addressing Engineering Challenges With
Simulation-Driven Product Development

Antennas Power

EMI/EMC Compliance Static (Leakage) Power Reduction
e Channel Modeling * Dynamic Power Reduction
e Antenna Integration * Electrostatic Discharge Analysis
e Signal Integrity Analysis * Wireless Power Charging

 Model-Based Design & Simulation

Strength Analysis

o Control Systems * Vibration and Drop Testing
o Displays * Thermal Analysis
* Certified Code Generation * Electo-Thermal-Structure Interaction

D-OZEN
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Prescriptive Analytics - The Evolution Of “Big Data”
Requires Engineering Simulation

Evolution of Data Analytics

Simulation

Analytics

D.OZEN
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Summary: Engineering Simulation is Crucial to Designing
loT Technologies

‘ Antennas

ﬁ'ﬁ Embedded Software

[. Structural & Thermal

|I| Prescriptive Analytics
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Summary: Wearable Electronics With ANSYS

* Antenna and Sensor Design
* Human Body Modeling
e Virtual Environmental Testing

* PCB Design
e Power Integrity Analysis
* Signal Integrity Analysis

e Structural and Thermal Analysis
* Impact Testing
* User Experience
* Manufacturing Considerations
 Thermal

D-OZEN
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THANK YOU FOR YOUR ATTENTION!

FOR FURTHER INFORMATION, PLEASE CONTACT:

OZEN ENGINEERING, INC.
1210 E. ARQUES AVE. SUITE: 207
SUNNYVALE, CA 94085
(408) 732-4665
info@ozeninc.com
WWWw.ozeninc.com
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