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Lifecycle of a development
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a Méréstechnika és
> BME-MIT 2017 Informacios Rendszerek
Tanszék




CMMI process areas connected to

development life cycle

L *

Project Management
process areas

-

o o w2

Product and
product component
requirements

Requirements

/ Alternative Product ¥
' solutions components Product
RD . S Customer
Requirements

Requirements, Product
components, work products,
verification and validation reports

. Customer needs ¥

Pl = Product Integration
RD = Re&luirements Development
TS = Technical Solution

VAL = Validation
VER = Verification
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Development life cycle processes

= CMMI describes the objectives and activities to be
performed, but it do not specify a lifecycle

= Most of the companies are using existing lifecycle
models for this purpose
o Waterfall
o Spiral

o V-model
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The V-model

System level

Requirement analysis User acceptance

Logical design ﬁ test
) Y 2

Technical System System Int.
o S —————— & test
Subsystem
Subsystem Subsystem design ﬁ Integration
level ‘ Iand test
Modul level

Module design M Modul test

Implementation
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The V-model in the real world
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V-model in real world
{i 11
\ \ System Level
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V-model in real world

Initial Planning Preparation Agreement Confirmation Maturity Mass
phase phase phase phase phase phase roduction
5-6 month 12-16 month 7-8 month 7-8 month 14-16 month 8 month P

| | i
Software development

4th lteration

Maintenance

Logical system architecture

4rd lteration
System conception

Technical system design

2nd lteration
SIk determination

‘ System specification

1st lteration

Tanszék

a Méréstechnika és
© BME-MIT 2017 Informéacios Rendszerek 8




The steps of the V-model
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Analysis of user requirements, designing

the logical system architecture

System level

Requirement analysis User acceptance

Logical design _ test
) Y 2

Technical System System Int.
T S ————— 2 test
Subsystem
Subsystem Subsystem design ﬁ Integration
level ‘ 'and test
Modul level

Module design H Modul test

Implementation
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Analysis of user requirements, designing

the logical system architecture

. o Connection
User Aest results from user to EhS -
Requirements cceptan::si)r system testing

— l

Analysis of user requirements

Specification of logical system architecture

l l Connection
Lo
‘ ogical System] [ Use cases } _ tothe |
Plan testing
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CMMI process areas of

requirement handling
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Requirements development

= SG 1: Develop Customer Requirements
o SP 1.1: Elicit Needs

= Brainstorming, surveyment, prototype building, demonstrations,
User Stories.

o SP 1.2: Transform Stakeholder Needs into Customer
Requirements

= Translate stakeholder needs, expectations, constraints, and
interfaces into documented customer requirements.

= Establish and maintain a prioritization of customer functional and
quality attribute requirements.

= Define constraints for verification and validation.
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Requirements development

= SG 2: Develop Product Requirements
o SP 2.1: Establish Product and Product Component Requirements

Transforming the user requirements into technical form, and explicit values.

Example A carryable device: weight <2 kg, Size < 20x30cm, Battery system:
voltage of the battey, capacity for 3 days

Reliable: availability 99%

Example: House of Quality Function Deployment
http://www.webducate.net/qfd/gfd.html

https://www.youtube.com/watch?v=u9bvzE5Qhjk

o SP 2.2: Allocate Product Component Requirements
o SP 2.3: Identify internal and external Interface Requirements
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Requirements development

= SG 3: Analyze and Validate Requirements

O

O

SP 3.1: Establish Operational Concepts and Scenarios

SP 3.2: Establish a Definition of Required Functionality and
Quality Attributes

SP 3.3: Analyze Requirements: finding the necessary and
sufficient requirements.

SP 3.4: Analyze Requirements to Achieve Balance
SP 3.5: Validate Requirements with simulation or prototyping

a Méréstechnika és
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Requirements management

= SG 1: Manage Requirements

O

O O O O

SP 1.1: Understand Requirements

SP 1.2: Obtain Commitment to Requirements

SP 1.3: Manage Requirements Changes

SP 1.4: Maintain Bidirectional Traceability of Requirements

SP 1.5: Ensure Alignment Between Project Work and
Requirements

Typical tools are Excel or specific tool like DOORS
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Requirements management

User Requirements Logical System Architecture Technical System Architecture = Subsystem

Software system

Requirements Requirements of Function 1 = Mechanics

A Requirement

B Requirement

C Requirement

Constraints

X constraint

Y constraint

Z constraint

Requirement

A1 Requirement

Requirements

A2 Requirement

C1 Requirement

Constraints

C2 Requirement

C3 Requirement

Elektronics

X1 Constraints

Constraints

Y1 Constraints

Y2 Constraints

A3 Constraints

Hardware

Requirements

Constraints

Software

Requirements

Constraints

Module 1

Requirements

Constraints

Module 2

Requirements

Constraints

Hardware system
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User Requirements

Requirements

A Requirement

B Requirement

C Requirement

Constraints

X constraint

Y constraint

Z constraint

Requirements management

Logical System Architecture

Requirements of Function 1

N

Requirement

H

Technical System Architecture

A1 Requirement

A2 Requirement

C1 Requirement

C2 Requirement

C3 Requirement

Constraints

X1 Constraints

Y1 Constraints

Y2 Constraints

A3 Constraints

Mechanics

Requirements

Constraints

N

Elektronics

{ardware
Requirements

Constraints

Software

Requirements

Constraints
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Subsystem

Software system

Module 1

Requirements

Constraints

Module 2

ﬂ Requirements

Constraints

Hardware system
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Logical System Design
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Specification of logical system architecture

= Goalis to divide the device into components
o What are the main logical components, blocks?
o What is the connection between the main logic blocks?

= Analyzing the data path between the input and the output
o How is the output created from the input?
o What are the main stages?

= There are many types of Logical architecture representation
o Static view: functions and their interconnections

o Dynamic view: Data flow of an incoming data

= There are no strict restriction for creating the logical architecture,
mainly this is some kind of art requiring much experience
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Specification of logical system architecture

System-of-interest

ecomposition
(refinement)
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Specification of logical system architecture

= Most widespread technics and tools
o structured analysis design technique

o Functional Flow Block Diagrams
o UML, SysML diagram

st [Activity] W’,V."cwml Imaginary scenario {‘
data 1
lh..‘;m ool |
function - } WO—
o | et oot |
|
{/ c ]_ @
| data 2 . o ‘
|
I data 5
data 4
Funetionin |- — — — = — = — — - —
\ o o s concurtency I T
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Designing of Technical System

Architecture

a Méréstechnika és
© BME-MIT 2017 Informacios Rendszerek
Tanszék



Analyzing logical system architecture, specification of

the technical system architecture

Yad ®

Function 3 ———{ Function 4

Logical System
Architecture

Function 3
Function 3.2 =»|Function 3.4 N
\
. I \
Function 3.1 I \
|
" Fynction 3.3 p=»{Function 3.5 “
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/1 / 1 [} |
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Analyzing of Logical System Arch.

Specification of Technical System Arch.

Logical c .
System Plan ~onnec '_(?rl -
(functions, interfaces, TESt ReSUItS to the testing
requirements)

— 4 I

Analyzing the Logical System Architecture

Specification of Technical System Architecture

I I

echnical System Connection
‘E Plan J [Test Cases }tatﬂgtasﬁn'g'
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Analyzing of Logical System Arch.

Specification of Technical System Arch.

Logical
Systefn Plan | Connection
(functions, interfaces, TESt ReSU ts to the testing
requirements)
Analyzing the Logical System Architecture
Analyzing
Control loops
Specification of TechnicaI_S;st_er_n_AFcﬁit_eEtGrE _______
echnical System Connection
Plan Test Cases 5 fhetesting™
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Analyzing Control loops

User Control ¢4-=-=-=-== Environment
System
Setpoint » LEE: ’» Actuator Sensor
P algorithm

_
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Analyzing Control loops

information can be gathered

= Types of internal and external interfaces

* The required precision and granularity of signals
= Prediction on timing

= Prediction on required processing capability

= Prediction on physical constraints and layout

a Méréstechnika és
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Analyzing of Logical System Arch.

Specification of Technical System Arch.

Logical

Connection
SystemPlan | | Tact Reclilte l¢ = = == - -
(functions, interfaces, TESt ReSUItS to the testing
requirements)
Analyzing the Logical System Architecture
Sralifing Analyzm.g the
Real-time
Control loops _
requirements
Specification of Technical System Architecture
echnical System Connection
Plan Test Cases 5 thetesting™
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Predictions and requirements on Real-time

characteristics

= Determining system level real-time requirements
= Allocating timing requirements to functions

Trigger or activation Activation rate Trigger or activation

S o -/

execution time

| Process or function | Process or function |
*
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Analyzing of Logical System Arch.

Specification of Technical System Arch.

Logical

Connection
SystemPlan | | Tact Reclilte l¢ = = == - -
(functions, interfaces, TESt ReSUItS to the testing
requirements)
Analyzing the Logical System Architecture
Sralifing Analyzm.g the Analyzing
Control 0oDs Real-time System
P requirements distribution
Specification of Technical System Architecture
echnical System Connection
Plan Test Cases 5 fRétasting™
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Analyzing Distributed System Functions

What functions need to be encapsulated into one device, or
separated into different devices?

o Processing capacity

o Timing

o Physical layout

What type of communication connection needed between
devices

o Bandwidth

o Range

o Communication Technology

Designing of the communication matrix
o Messages
o Signals and their encodings
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Signal example

Transmission Control

Motor Control

Signal name Min-max Unit
Speed 0-250 km/h
Gear state -1 —+5

Engine RPM 0-10000 | RPM
Cooling Water Temp | -20 - 100 C degree

© BME-MIT 2017
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Signal, example

Transmission Control

Motor Control

Signal name Min-max Unit Conversion Data size
Speed 0-250 km/h y=x*4 10 bit
Gear state -1 -+5 y=x+1 3 bit
Engine RPM 0-10000 RPM y=X 16 bit
Cooling Water Temp | -20 — 100 C degree y=(x+20) *2 | 8bit

© BME-MIT 2017
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Messages and signals

Engine parameters message, ID=0x280

1 64
ID Data field
Data field
Engine RPM Cooling Other Signals
Water
Temp
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Communication matrix

= \ector CANdb editor

Dashboard TCU
Prog Prog
O 4 message
g & g &
o 5 signals
ECU
Laborauto
Prog
g &
Signals)Mode AT 2 Laborauto 2 Dashboard
“wiaccelerator_pedal  AcceleratorPedal_Coolant {(0x380) =Tz AcceleratorPedal _Coalant (0x380)
“w coolant_kemp AcceleratorPedal Coolant (0x380) =Tw= AcceleratorPedal Coolant (0x380%  AcceleratorPadal_Coolant {0x350)
S Gear_skate T = Gear (Dxd40) Gear [Ox40)
S speedometer =T > Dashboard (0x540) Dashboard (0x540)
“w tachomeker MotorParameter (Dx280) =Tz MokorParameter (Dx280) MotorParameter (Dx2800
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Analyzing of Logical System Arch.

Specification of Technical System Arch.

Logical

Connection
SystemPlan | | Tact Reclilte l¢ = = == - -
(functions, interfaces, TESt ReSUItS to the testing
requirements)
Analyzing the Logical System Architecture
Sralifing Analyzm.g the Analyzing .
Real-time System Safety analyzis
Control loops . .
requirements distribution
Specification of TechnicaI_S;st_er_n_AFcﬁit_eEtGrE _______
echnical System Connection
Plan Test Cases 5 thetesting™
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Safety analysis

( Logical System Plan J

(functions, requirements, interfaces)

Reliability and Safety Analysis

Hazard Hazardous Risk, Eallure Type, System Specific R.’ellablllty
Analvsi Situation Failure rate and Safety requirements
nalysis Iituatio analysis (SIL)

Safety Relevant
components
and subsystems

Identification of Relevant
Components and Subsystems

Specifications for safety relevant components and subsystems

Specification of Safety relevant requirement SesulEmeE srEdiefons
Verification and specification for components for the development process
Validation methods and subsystems
Verification and Hardware Specific Safety Software Specific Development Process
Validation methods Requirements Safety Requirements Requirements
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Safety Integrity Levels

Descriplion

a
=
F ‘ ¥ 1
S, P,
Stert F. % —
) il F':.L
5_1. F| _,' 3
P,
F. .
P,
S,
- Ral
FParamatar

S Salety Consequence of 1he ha zardous situabion
F . Probabildy of parsonnel exposure

P Probability of avosding the hazerdous & ent

W. Probabily of the urwanied occurmence

i N RIE T  TE

BME-MIT 2017

B Mo special reguirement
1234 Saluty Intagrity Lival (SIL)
Ly A gingle SIS e not sulficasn
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Affects of SIL layers to the development

= S|L layers, or other Safety Levels give restictions for
every step of development process
o Design
o Implementation

o Testing

Activity SILO siL1 SIL2 SIL3

Independent review of functional requirements + + ++ ++
Prototyp 0 0 + ++
Simulation 4 + ++ ++
FMEA (Failure Mode and Effect Analysis) + + + ++
Statement Cowverage + ++ ++ ++
Decision Coverage + + + ++
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Analyzing of Logical System Arch.

Specification of Technical System Arch.

Logical
System Plan Test Results |¢-------

(functions, interfaces,
requirements)

— 4 I

Analyzing the Logical System Architecture

: Analyzi Analyzin
Analyzing aIyzm.g G yzing ,
Real-time System Safety analyzis
Control loops . .
requirements distribution

Specification of Technical System Architecture

Specification for Specnclcat'lon eaicatienlet Safety assurance
of Real-Time Networks, and e
Control Loops . specifications
Requirements messages
echnical System Connection
Plan Test Cases I3 fhétesting™
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Branching to subsystem paths
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Branching to subsystem paths — Electronics

(Hardware — Software) path

System Design,

Technical System specification
System design

System level \ \ \

Mechanical Hardware Software
Subsystem Subsystem Subsystem
Design Design Design

Subsystem Level \ \

Module Module
Component design design

level \

Implementacion
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Hardware Design Path
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Hardware Architecture Design

Hardware - |
Requirements est results

Connection
l to the testing

Alaysis of Hardware Requirements

Analysis of, boundaries,
Dimensions,
connection points,
environmental conditions

Specification of Hardware architecture

Selections of
Connectors and
Enclosures

v . Connection

Hardware to the testing
architecture TestCases fF—-=-=-=-—-- >
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Analysis of boundaries, dimensions, connection

noints, environmental conditions

= Mostly there are predetermined mechanical
constraints
o Dimensions
o Weight

o Usable areas, and usable component type (for example
because of vibrations)

= Selection of Enclosure and Connectors
o Determines the dimension and useable areas of the PCB

o Environmental conditions should be taken into account: IP
protection, enclosure type

a Méréstechnika és
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Properties of Enclosures and Connectors

= Enclosure
o IP (Ingress Protection)
Protection against physical impacts
UV radiation protection
Chemical protection
RF, and magnetic shielding
Heat conductance
PCB mounting positions

O O O O O O O

Enclosure mounting options

= Connectors

o Voltage, and current limits
Number of connections
Vibration protection
Shielding
IP (Ingress Protection)

a Méréstechnika és
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IP (Ingress Protection)

Level sized

0
2

3

" [P 65—

Solid particle protection

Effective against

>12.5 mm

>2.5mm

>1 mm

Dust protected

Dust tight

Description
No protection against contact
and inaress of obiects
Fingers or similar objects

Tools, thick wires, etc.

Most wires, slender screws,
large ants etc.

Ingress of dust is not entirely
prevented, but it must not enter
in sufficient quantity to interfere
with the satisfactory operation of
the equipment.

No ingress of dust; complete
protection against contact (dust
tight). A vacuum must be
applied. Test duration of up to 8
hours based on air flow.

© BME-MIT 2017
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Water Protection

Level Protection against
0 None
1 Dripping water
2 Dripping water when
tilted at 15°
3 Spraying water
4 Splashing of water
5 Water jets
6 Powerful water jets
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Hardware Architecture Design

Hardware - |
Requirements est results

Connection
l to the testing

Alaysis of Hardware Requirements

Analysis of, boundaries,
Dimensions,
connection points,
environmental conditions

Specification of Hardware architecture

Analysis of
Analog, Digital functions
Power electronics

Selections of Separation of functions
Connectors and in hardware
Enclosures architecture
v v Connection
Hardware to the testing
architecture TestCases [F==-=-=--- g

Tanszék
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Separating the analog, digital and power

electronics functions
= No necessary to different PCB

= |dentifying the hardware and PCB blocks, and
designing the interconnection between them.

Ground couplin

,,,,, - Méréstechnika és
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Hardware Architecture Design

[

Hardware
Requirements

J

R

[ Test results

'

Connection

to the testing

Analysis of Hardware Requirements

Analysis of, boundaries,
Dimensions,
connection points,

cnvironmental conditions

Analysis of
Analog, Digital functions
Power electronics

Analysis of required
Power and
Ground domains.

Specification of Hardware architecture

Selections of
Connectors and

Separation of functions
in hardware

Designing the power
and ground domains

Enclosures architecture Galvanic isolation EMC
v Connection
Hardware to the testing
architecture TestCases p—=-=-=—--- >
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EMC Electomagnetic Compatibility

= The EMC Gap is closing

Immunity

1940 2010
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Emission and Immunity

= Emission: more and more load to the environment
o Harmonic emission
o Conducted emission

o Radiated emission

" |[mmunity: the ability of the device to resist the
environmental noise
o Conducted and radiated RF
o Burst, Surge

o Power supply line problems: voltage changes, voltage
drop, period error

o Magnetic field: sinus like change, non sinus like change
o ESD Electro Static Discharge
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Immunity classes

Class A: The device keeps its measurement and functional
specifications under the effect of environmental noises.

Class B: The device is operational under the effect of
environmental noises, but its measurement precision is
effected by the noises.

Class C: After the environmental noise an interaction from an
operator is needed to make the device operational again.

Class D: Data loss, functional problem or damage of the
equipment is happen by the effect of the environmental noise
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Inter or Intra system problems

= |nter System EMC

o The noises emitted from the device to the environment
o There are regularizations for this

= |ntra System EMC

o Noises that generated inside of the enclosure

o Not regulated, but highly effects the operational ability of
the device
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Power supply architectures

Power bus

= Simplest, and the most problematic
o Common impedance

Device Device Device
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Power supply architectures

Power bus

= Simplest, and the most problematic
o Common impedance

Device Device Device
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Power supply architectures

Power bus

= Simplest, and the most problematic
o Common impedance

—>
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Power supply architectures

Power bus

= Simplest, and the most problematic
o Common impedance

—>
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Power supply architectures

Star point
= Much better solution, but harder to wire

Device Device Device
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Power supply architectures

Star point
= The critical point is the common path of the star

Device Device Device
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Power supply architectures

Star point with separated PSU

= Costly, but highly reduce to the common mode
noises

Device
1

Device
2

Device
3
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Power supply architectures

Star point with separated PSU

= Grounding can cause common impedance
problems

Device
1

Device
2

Device
3
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Power supply architectures

Star point with isolated PSU

* |[ndependent power domain

= Only differential signals can be used for
communication

Device
1

Device
2

Device
3
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Power supply hierarchy

= There are many voltage levels needed, but it is a
design decision how to create them

Load Transient Response
o)

- a 0.2 \
= Linear Voltage Regulator = R
23 o a
[ \
o Cheap 550 /
. . . 85-0.2 CIN:] }.!F
o Low noise emission -0.3 )t Cour = 10 47 TANTALUM ||
T iF Vour = 1oV T
. s = Yy = 13V
o Bad efficiency o NIl
8 1 1 | [l |
! .
S 0 50 100
TIME (us)
+ Line Transient Response
w40
ADJ - %E . |
gg 0 n ™S
1214 55 -2 I
Moo 2 _iour S -40—?;%“&:01'2: |
“T 10 uF “T> Tantalum -60 -Gy =1 uf TANTALUM 4.
BT 14T Cour =10 uF TANTALUM T
R2 2=
Sk g8 13
SE 12
*r— 25
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Power supply hierarchy

= There are many voltage levels needed, but it is a
design decision how to create them

EFFICIENCY
VS
OUTPUT CURRENT
100.0
90.0 .’i—*
= DC/DC converter 00| e
70.0 A B =] + ! \! !
§ 60.0 —17 H" i VIN=17V 1T
(0] COStIy § 500 A VIN=12V
£ 400 =TT VIN=SV f
H i}
o Noisy ]
200 VOUT=3.3V
.. e L=2 2uH (VLF30128T)
o Good efficienc |
y 0.0
0.0001 0.001 0.01 0.1 1
Qutput Current (A)
Figure 7. Vout=3.3V
OUTPUT VOLTAGE RIPPLE
Vs
{3..17)\V 2.2uH 1.8V / 0.54 55 | I OIUTPIUT C:JRRENT
. L v T TV .
2 o T O VOUT=3.3V,
s | L=22uH (vLF3DA2ST) _ |
EN vos 100k £ 0% I Cou2auF VIN=1TV
10uF TPS62171 22uF 3 | ¢
' AGND BG e I & 003
@
=1 |
o, PGND Fa o 2 oRAL L]
L - _]_ g - v VIN=12V
— — — 2
5 —
G om aNER Cas
VIN=EV
0
0 0.1 02 0.3 0.4 05

Output Current {(A)
Figure 21. Output Voltage Ripple
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Galvanic isolation

= Protecting against ground loops
= Life protection

GROUND LOOP

é |

JH EXTRANEOUS I

CURRENT
EARTH fFLow  EARTH
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Devices for galvanic isolation

= Transformator

o For power supply and other signal
isolation

= Opto coupler
o Fast digital communication

= Condensator
o AC coupling

= Special purpose single chip
isolators
o CAN transciever etc.

EEEEEEE
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Power Supply protection

= One type of protection is nearly never enough
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TVS, Zener diode

= Zener diode
o Enery in joule
o Operation and Zener Voltage

o Reaction time

* NXxns

o Capacity i

Y
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= \/ariable resistor

o Energy in joule
o Operational Voltage
o Reaction time
* N*10ns
o Maximum current

o Breakdown or clamping
voltage
o Energy class
* 8/20 s
* 10/1000 ps
o Passive resistance
* N*10 Mohm

Current (A)

I
]
I
1
1
L
]
[}
1
I
!
]

(‘ N Voltage (V)

- [Equivalent Circuit]

:: Capacitor 1 pc.
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Polyswitch

= Recovering Fuse

o Serial resistance P
* Ohm /
. ; L.
o Operational current l"\
= \
o Breakdown current

o Maximum current

o Recovery time

10000 = B Point 4
— a |
. 1000 = P
g F 2 r
— [}
8 F @
5 100
0o = o |
S §
0" B _F' int 1 Point 2
10 & Device initial resistance = on
= | Rimax
[ —————— . Point 3
1 I | 1 I | | | | |
0.1 1 10 100 1000 10000

Temperature (°C)
Recovery time (s)
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/O pin protection

= Fast

" Cheap e
= A reference voltage is
needed [
-VeL-VBR ~VRwWM 'RE"— |
' — '::gm Vrwm VBr VoL
B }
1 3 g i .
2 Bt b
. -lpp
006aaa 155 006222676
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/O pin protection

= Fast
" Cheap

= A reference voltage is
needed

IR (
-VeL-Var VR IRM
: =lzm
_|R
/ )/ Riaz . 2 N _M_H—
-lpp
006aaa676

—t

006aaa155
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Output load switching architectures

= Typical switching architectures

vu.r.' VIA‘I' vl.ﬁ.'?
\ \
\ \
77 7
LOW SIDE HIGH SIDE PUSH PULL
HALF BRIDGE

) BME-MIT 2017

Vﬂ-ﬁ- VEA V.,,-,—
\ \
—
\ \
e Yo l
H BRIDGE SERIAL
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High side vs Low side

VE.‘\T

1 " % %

SHORT CIRCUIT

Eattery e TOBATTERY
GMND ouT i
ECU HES |r——" 0
777
e rd
VEF\T A -
| ~ ‘_\ -
J. u‘n'u %, % EHORTCIRCUIT
e J_ TO GND .
Battery SHORT CIRCUIT - |
TO GND
ECU iaa ST
‘ SHORT CIRCUIT
e TO GND
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Power line filtering

= Capacitive filtering

. . L
= LC filtering —r o
= JT or T filter in c—— out
= Power supply filter o | .
L
i | LS | . o—fl‘l'ﬂ'ﬂ'\—i]'——’ﬂ'ml'\——‘
C1 SOURCE ! LOAD
Input T C2 == Output E-[
L & O- E -

(A)
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Hardware module design
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Hardware module design

Hardware architecture . |
specification est results

l Connection

to testing
Analysis of hardware architecture and module spec

Hardware module design

Module
connectors
and
components
selection

\ 4 \ 4 Connection

Hardware module to testing
plan TestCases | —=-=-=--- >
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Board — to Board connectors

= Size and number of connection points
o Voltage rating
o Power rating

= Type of connection material

o Current limit and impedance

o Thin, or gold

= Mechanical stability

o Insertion force
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Hardware module design

Hardware architecture . |
specification est results

l Connection

to testing
Analysis of hardware architecture and module spec

Hardware module design

Module
connectors Component
and placing
components (Thermal issues)
selection
A 4 \ 4 Connection

Hardware module to testing
plan TestCases | —=-=-=--- >
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Component placing

= Make easier or harder the PCB wiring
= Must cant with the thermal properties too

— . * s .
Tjunction — 'ambient + RthermaI(J'a) P -G@n-

:":Rth
L J Molding
P-TO252-3-1
Ry R Rip Ry Riy 160 | |
—e— —1 1 11 |1 1 -=° Rm‘aKfW‘,J“-Q e
Die Die Lead- Solder Heat " tie™ 1 —
bond frame sink T 120

O G
Py 6 ) lTJ Ripnje l I Ry, G) ifa 100 N
@ o Application \
= 78‘\

AR ol i 60 —
54.7
40
Rija 0 100 200 300 400 500 mmZ2600
—» 4
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Example for thermal conducting

FEM Simulation (chip area 2 2 mm?, P, = 1 W, zero airflow)

Finite Element Method

= -
l—; & . B
- -,
Thermal Resistance Junction to Ambient Ry, vs. Thermal Impedance Junction to Ambient Z., vs.
PCB Heat Sink Area 4 (zero airflow) 60 Single Pulse Time ¢, (zero airflow)
I I
KW 443.9 Ryjo =18 KW Kw

Ryjo '\ Ziya
T T 120
120 \ o
100 \\ 80 Eooii] 'r‘ I
2
i 50 300 mm 7/
Vi

[
N 600 mm2 | ATl 4
} 78 T 40 A
— |
™ 20 4
400 100 200 300 400 500 mm2 600 010-3 102 10" 0 10’ 100 s10°

—p 4 —Dfp
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Hardware module design

Hardware architecture . |
specification est results

l Connection

to testing
Analysis of hardware architecture and module spec

Hardware module design

Module
connectors Component Wiring
and placing (EMC
components (Thermal issues) Problems)
selection
A 4 \ 4 Connection

Hardware module to testing
plan TestCases | —=-=-=--- >
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Wiring problems (EMC)

= Capacitive coupling
o Very easy to create such during wiring

N A
il

S

o Example: Two wire with the width of0.5mm (20mil) in a
5cm path with the distance of 3mm means: ~ 0,5 - 1 pF
(ADC input impedance is ~10pF)
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Wiring problems (EMC)

= Capacitive coupling
o Very easy to create such during wiring

N A
il

S

o Example: Two wire with the width of0.5mm (20mil) in a
5cm path with the distance of 3mm means: ~ 0,5 - 1 pF
(ADC input impedance is “10pF) I’'m cheating we never
measure like this!!!
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Wiring problems (EMC)

" Protecting against capacitive coupling

o Grounding

o

o With good wiring strategy
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Wiring problems (EMC)

" |nductive coupling
o Protection: make the loop smaller
o Extra attention to the wires with significant current change

o U=M*di/dt
Disturbing Disturbing
cable cable

H H Victim loop
Victim pair /
Z o
2
Victim loop
Differential mode Common mode
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Typical PCB layers

* The price of the PCB is rise significally with the number
of layers
o Place more then one ground layer if it is needed
o Layer above each other should be wired perpendicular

@ Signal or clock rate

Power layer

I Ground e

ﬁ Signal or clock rate
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Recommended book

= EMC for Product Designers, Fourth Edition 4th Edition
o Tim Williams

o ~500 pages
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