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System Design

e Off-the-shelf general purpose systems
o  Serenity-S1, DTS-100G, HiFlex
o Little to no design work
o Soft-/Firmware prepared once
e Common set of standardized components
o Present in component library
o Purchase in bulk (manufacturing/price)

o Soft-/Firmware prepared once




Schematic Capture and PCB Layout A\KIT

Why do this?

e Start working in modules now

o Modules include typical application
schematics and recommended layout

o Modules fulfil a single task
(e.g. power supply, clock)

Bl

When you can do this?

o Reuse modules from library

LTM4676A_Clocks

12v LTM4676A.SchDoc 3V3_3V8 CLOCK
e Common set of standardized components [ . vouth
. . 3 % \\//gssgss(;)j{l \'C——“l'(‘rND
o Present in component library - s
. . . { > PMBUS VOUTI [_;
o Purchase in bulk (manufacturing/price) = o vosnsi
o  Soft-/Firmware prepared once YOUTOCEG RESISTOR 2266 VOwo:35V
VOUTICFG_RESISTOR: 6.34k VOutl: 1.8V
FSWPHCFG RESISTOR: 107k okt
‘WP_RESISTOR: OR WP off



Guidelines for Modularity in EDA A\KIT

e Hierarchical Design
e SOLID design principles
e Single Responsibility
o Single central part or
o Single functionality by multiple parts
e Open for additions - Closed for changes
o Simple “Placeholder” module for e.g. LDOs, SMPS
o Extendable with additional connections
e Interface Segregation Principle
o Only have absolutely needed functionality in a module
o Use parameters for potentially changing values

e GIT integration for collaboration
SOLID design principles: https://en.wikipedia.org/wiki/SOLID 5


https://en.wikipedia.org/wiki/SOLID

Guidelines for Modularity in Schematic Modules

Copy recommended design diagram

Parametrize your design

©)

(@)

If possible, use 0402 passives

©)

(@)

Through ports

Through parameters

Larger resistors only for power

Larger caps are necessary

Single Central Part

Parameter

(through ports) \

’)

Common SMPS

—_—

——

PSU1
LTM8074.SchDoc
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connection

> VIN

> RUN
K_> SYNC

Additional /

connections

Parameters

> GND

- »
VOouT [

R_SYNC: DNP
R_FB: 76.8k
R_RT: 25.5k

Pulse-skipping mode
VOUT: 3.3V
F SW: 1.5MHz

ruher Institut far Technologie
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fEEE

This currently needs to be written manually



Guidelines for Modularity in PCB Modules

e [fpossible, use low-spec prerequisites

(@)

@)

O

@)

@)

Low-spec design rules

All components on top

Al traces on top and bottom
No Via-In-Pad

Only through-hole vias

e Copy recommended layout

e Fanout signals and terminate with vias

1: GND_PSUS3

Pt

2: VIN_PSU3
000000
25 V|N_PSU3 vw_%sua

1
I I GND_PSU3
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1: GND_PSU3
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PCB Production

Use shared production information
o Common PCB stack-ups
o Common design rules
o Predefined board outlines

Automatic Gerber/ODB+ generation

Revision ID

3 3E 9F 3F GF GF G 3E

Name

Top Overlay
Top Solder
TOP
Dielectric 2
IN2
Dielectric 4
IN3
Dielectric 1
IN4
Dielectric 7
INS
Dielectric 9
BOT
Bottom Solder

Bottom Overlay

Stackup Impedance

Preview Details

Material

Revision

Solder Resist

CF-004
PP-006
CF-004
PP-006
CF-004

CF-004
PP-006
CF-004
PP-006
CF-004

Solder Resist

Lifecycle

Via Types

Origin

Name

2 Layer O Plane Isola F...
2 Layer 2 Plane Isola F...

4 Layer 2 Plane Isola F...

4 Layer 4 Plan:
6 Layer 4 Plan
4 Layer MultiC
6 Layer MultiCB 6L-01

8 Layer MultiCB 8L-01

Description

4 Layer 4 Plane Isola F...

6 Layer 4 Plane Isola F...

6 Layer MultiCB defin...

Create, Edit, Set Default Templates in one place

Type
Overlay
Solder N
Signal
Prepreg
Signal

Core

Signal
Dielectric

Signal
Core
Signal
Prepreg
Signal

Solder Mask

Overlay

Weight

Thickness

0.4mil
1.378mil
9.055mil
1.378mil
11.811mil
1.378mil
13.386mil
1.378mil
11.811mil
1.378mil
9.055mil
1.378mil

0.4mil

2 Layer 0 Plane Isola F...
2 Layer 2 Plane Isola F...

4 Layer 2 Plane Isola F...
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Revision State Note

Draft

Draft

Draft

Draft

Draft

Draft Added MultiCB 4L
Approved Used in ZL30274 clock...
Draft




PCB Assembly A\KIT

A B c D = F
g View from Top side (Scale 2:1) Bill Of Materials 1
o 5 o | e
. L] uf —
e Templates for assembly file generation e
] TEmama

o Draftsman for assembly plan i
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o Pick and place files : _____

Reo Re1Re2

=] g Standor, St
- e Standor Stanoie waxio g [
= s Siondots, Sancors
H H E Z SWI, SW2. SW3, SWA VKTATING T
O L 13 U1 AD72018CPZ 1
‘ | TR e &

i@

e TODO: scripts to convert Altium output directly Ba
to AVT-usable files

e TODO: central AVT parts database (as
supplier for Octopart)




PCB Commissioning

e Bridging back to system design

o If reused design is proven to work, no
commissioning is necessary

o Soft- and Firmware can be reused
e Using common PCB commissioning tools

o  Serenity Debug Adapter accesses 12C
through very small SMT connectors
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But why Altium?

e Full featured, widely used PCB software 0

e Altium 365 brings cloud integration A%EM
o Ease of sharing design
o Unprecedented reuse capabilities
o Git integration, allows great collaboration o p
e Octopart integration 0 glt Oclll'n'pq rlll P Sesicer

o Better BOM management

o Manufacturer part search

11



Current PCB Design Process

Create all symbols Draw all schematics
and footprints

*Forget datasheet*

PDE *Forget datasheet*

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Layout PCB




Proposed PCB Design Process

Create symbol,
footprint, schematic }Q
and layout of one part | PDF

Use one datasheet
over and over

Module A

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

13
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Proposed PCB Design Process el

Design all modules

Module A

Connect modules Connect modules
in schematic in layout
o]
> >

14



Proposed Reverse PCB Design Process =224

Finished & Tested Extract working
PCB modules

L | ModuleA ﬂ
|
|

15
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Module Library XIT

Explorer v x
KIT-IPE~ Top » Managed Content > Design Reuse Blocks > Power Supply $ & ©AddReuseBlock ~
e Library to store modules
% Library Health 3 CsD9 Synchronous Buck NexFET™ Smart Power Stage Draft Added PGND port to schematic
B Part requests (5) 3 E 6-Phase, D. ontroller with NV, Draft A VREF output to schema...
PY Ad t bI t H Ef: Components = 3 M Analog Dvi ual 13A or Single 26A M Draft Re-placed components to accc
ap a e Ca egorles B Managed Content The LTM@8074 is a 40VIN, 1.2A continuous, 1.75A peak,... Approved Re-arranged layout to maximis...

1B Design Reuse Blocks

through sub-folders € roc

e Revisions allow for i
B Power Supply

improving modules oo s
& Slow Control
¥ Managed Schematic Sheets

e Revision status shows if 5'

module is already tested

Description Revision State
Synchronous Buck NexFET™ Smart Power Stage Draft
6-Phase, D-CAP+, Step-Down, Buck Controller with NV... Draft

Analog Dvices LTM4676A, Dual 13A or Single 26A pMod... Draft
The LTM®8074 is a 40VIN, 1.2A continuous, 1.75A peak,... Approved

Preview Lifecycle  Origin

Folders Search

16
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Where do | find...?

e Components

e PCB Modules

e KIT Project Template

e KIT Schematic Template
e PCB Layer Stacks

e Design rules

17
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Where do | find components? =k

/{ Component Type }\

Resistor, ceramic capacitor Other component

CER_N Altium /[ In IPE Workspace? ]\
Library

Yes No

In Manufacturer
IPE Workspace /[ Part Search? ]\

No
Manufacturer Create in
Part Search IPE Workspace

18




Where do | find components?

e CERN Altium Library

Component Type

Resistor, ceramic capacitor

o Good passive footprints —=
o Use specific types for ceramic caps
o Use “no-value’-types for resistors

e |PE Workspace

o Components that were improved from
manufacturer part search

o  Specific components

o Video on how to create a component

e Manufacturer part search

o  Wide variety of available components

Yes

IPE Workspace

/ In IPE Workspace? }\

Other component

No

AN
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In Manufacturer Part
Search?

Yes

Manufacturer
Part Search

Create in
IPE Workspace

19


https://youtu.be/Atxzg8MzUAw?si=WGcXKOtyjsgfBYdS

Where do | find PCB Modules? A\KIT

Design reuse panel —_—

KIT-IPE Workspace

Design Reuse

& KIT - IPE
Search

Reuse Blocks Sort by Name A-Z

g8 ADP7157ACPZ-04-

LDO, 1.2Vt0 3.3V, 1.2 A, Ultralow Noise, High PSRR, RF
Linear Regulator

Rev. 3 at 15.03.2024
Created by Oliver Knoll

B8 LTM8074

The LTM @80 IN, 1.2A continuous, 1. peak,

step-down pModule® (power module) regulator. The .

Silent Design reuse panel
Switcher architecture minimizes EMI while delivering

high

efficiency at frequencies up to 2.2MHz. Included in the .
package are the switching co If not fou nd, you must enable it
Rev. 2 at 19.02.2024

) in the bottom right
Projects MNavigator SCH Filter Design Reuse

)00mil ¥:6700.000mil  Grid:100mil




Where do | find the KIT Project Template? \KIT

Create Project
Eile| View Project Window Help

New Project... X 4 Home Page

P ct Ty
B Open.. Ctrl+0 roject Type

Schematic Project Name
Close Ctrl+F4 pCB dh KT -IPE e PCB_Project

Open Project... PCB3D <Empty>
Description

Discowy h Version Control LU AT )

Save Project As Template to Server. Output Job File Default PCB Project (v. 8)

Learning Cen _
B o Projects 4 Multiboard
Reuse Block... =

Import Wizard <Empty>
& Library... What's New

Run Script. btz Default Multiboard Project (v. 3}

Script » Version Control

4 Harness

<Empty>

Open Project Group... ® CAM Document

Save Project Group As... Component...

Library Importer
Mixed-Signal Simulation »

Recent Documents Constraint Management

Design Project Group

Recent Projects

anced v

Recent Project Groups

Support
Exit Alt+F4

R (1 1] U3 19DKSUUSENUOC
I [12] TP_12C.5chDoc

I [13] FaultGeneration.SchDoc
I [14] AT24C512C.SchDoc

» Parameters

e New - Project...

e Select KIT Default

Create Cancel
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What does the KIT Project Template include?

2 &
i i File View Project Window Help
e Schematic with
[l
) B e KIT Board Spacifications
o KITL \‘ T —
ogo 2 Search A BE’SN-SS-\IJ
g . RTlag 111 T Boxd Speciication
o Board specifications o —
4 23 TestProject.PrjPcb FD? FD? FD?
i . 4 fm Source Documents QD1X2R ??D,m QDMZR
o 6 Fiducials -l g g g
7 Project. PCBDwf ID1X2R DDRR ID1X2R
E ﬁPro}edEomDDc D
[ mpty LayOUt 4 fm Settings
4 fm Harness Definitions Files =
. #3 KIT.Harness Top Level
[} Assembly DraWIng 4 fim Output Job Files TestProject. Prifch B il 25
i OUT-0006-3.0ut)ob BSHW
. ¥ Project Group 1.DsnWrk Skl HHNE Revision v1.0

e Interactive BOM a L —_ i

e KIT Harness Definition
(12C, UART, JTAG, ETH, ...)

PY Output Job Flle Karlsruhe Institute of Technology FD? FD? FD? FD? FD? FD?

IPE-xxx-xx-V1.0
[ J () [ J [ J (] o

v1.0
25.04.2024

22
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ere do | find the KIT Schematic Template?

2 B
. . . File Edit View Proj Place | Design To Reports Wi H
e Either in the properties panel e

-5 B K O Make Schematic Library

e Or Design - Sheet Templates - Server

Sheet Templates

Netlist For Project KIT A1 Portrait (v. 2)

e Project parameters = o

* Project.PcbDoc *
2 Project.PCBDWT *
Project.BomDoc

o License g gk i
m Harness Definitions Files e ild She
#3 KIT.Harness =
i Output Job Files S; Sheet Entries and Ports Properties v x
éh ouT .Outlob

W KITA3Landscape (v. 10)

24 Constraint Manager... Document Options Components (and 11 more) [ | +
Components

»
B Project Group 1.DsnWrk

o ProjectName

Search

General Parameters

o ProjectNumber ——

All -On

Components  Wires  Buses  SheetSymbols  Sheet Entries

o Project Revision

Drawing Objects  Other

e Sheet parameters

Formatting and Size

Template Standard Custom

T. I
O It e Template  KIT A3 Landscape (v. 10)

Uptodate = Approved

Width: 15500mil  Height: 11100mil

o DrawnBy

23



Where do | find PCB Layer Stacks?

e Templates found in the
“‘Explorer’-panel under
“‘Managed Content - Templates”

e Loaded by opening the current
PCB Stackup and then clicking
“File - Load Stackup from Server”

Explorer

KIT-IPE~ Top > Managed Content > Templates > Layer Stacks

Server Folders

Revision ID

% Library Health B oas
B part requests (4)

L

9n Reuse Blocks
# Managed Schematic Sheets
Tempiates
% omTem

Component Temp!

Dielectnc

Oeteancs
ExportCSV

Revision Name Description

3 Plane Isola FR
2 Plane Isola FR:

tane lsola FR

Draft
6 Layer MultiCB 61-01

6 Layer MultiCB defined stackup 6...
8 Layer MultiCB 8L

Approved
Draft

TestProject PP - Alium Designes Profe

sossmi
78t

SKIT
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ided MultiCB 4L-01 stackup
Used in Z130274 clock test board

24



Where do | find design rules?

e Rule set for MultiCB is accessible in
“Explorer Panel - Managed Content -
Templates - Design Rules”
Deprecated since AD24

e Constraints management has changed in
Altium Designer 24

e TODO: Update to Constraints Manager

SKIT
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Explorer
KIT-IPE~ Top *» Managed Content » Templates > Design Rules

Server Folders Revision ID Revision
% Library Health EX  PDE-0001 A2
B Part requests (4)
ii Components
@ Managed Content

E Design Reuse Blocks
= Managed Schematic Sheets
W Templates
BOM Templates
[ ] Component Templates
@ Design Rules
e Draftsman Templates

51 Harness Definitions
I8 Layer Stacks
-'i Output Job Templates
ﬂ Project Templates
B SCH Templates

@ Mechatronic 3D Models

ﬁ Projects

Released Documents
Filename
B Rules_MultiCB.RUL

25
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Questions?

26



