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SILICON LABS

UG322: Isolated CAN Expansion Board
User Guide

The Silicon Labs Isolated CAN Evaluation Board is a hardware plugin card for CAN ca-
pable EFM32 Starter Kits (STKs). The Isolated CAN EXP is intended to help demon- KEY FEATURES
strate and evaluate applications for Silicon Labs isolation and MCU products. Silicon

Labs isolation products create a CMOS barrier to protect components while still allowing

20-pin headers for connection to EFM32

for communication and power transfer. Silicon Labs MCU products offer broad solutions starter kits

for low-power, indusrial, consumer electronics, and more. Software demos are available « Software demos available in Simplicity
for connectiong the MCU to the Isolated CAN EXP and can be downloaded and run Studio

through Simplicity Studio. The demos are able to send signals across the isolation barri- .

Power and communication over isolation
er and the message be seen by the user on the screen of the MCU STK. They also barrier

showcase Silicon Labs ISOVolt technology as the MCU powers components across the
isolation barrier.

Jumpers for easy manual control of input
signals

Note: For full use and evaluation of the Isolated CAN EXP, a CAN capable MCU STK is
needed, like the EFM32GG11 STK (STK3701). Software examples are provided for the
EFM32 Giant Gecko 11 Starter Kit EFM32GG-STK3701.
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1. Kit Contents

The Isolated CAN Evaluation Kit contains the Expansion Board and a QR code card for quick access to information. Other features of
the kit include:

» 20-pin header to connect to the MCU STK

» Dual CAN transceivers

» CANO port with High, Low, and Ground

» CAN1 port with High, Low, and Ground

» Power of the EXP board through the 20-pin header or screw terminals
» Breakout points for precise evaluation of specific systems

* Isolation barrier to separate the STK MCU from the EXP

» Easy use through Simplicity Studio
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Figure 1.1. Annotated Isolated CAN EXP
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2. Details and Applications

This evaluation kit and associated demos allow the MCU STK, Isolated CAN EXP, and sensors to communicate through the CAN ports
on the EXP board while being isolated. The MCU acts as the protocol controller and sends the receive and transmit data to the isolator.
These signals are carried through the barrier into a CAN transceiver which converts them to physical CAN bus. Then the CAN ports can
be read by a host or another MCU/EXP combination. The CAN communication protocol is widely used in industrial, automotive, and
commercial applications where long wires, multiple nodes, high power, or noise are common. Isolation along with CAN is widely needed
in the following markets:

* Industrial automation systems

* Medical electronics

* Hybrid electric vehicles

* PLCs, distributed control systems
* |solated switch mode supplies

* Isolated ADC and DACs

* Motor control

* Power inverters

» Communication systems

All of these market segments use various communication protocols like RS485, CAN, 12C, SPI, and UART. The combination of Silicon

Labs isolators and MCU products can serve any of these segments by combining a low-power, feature-dense MCU alongside industry
leading isolation.
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Figure 2.1. MCU + Isolated CAN EXP Block Diagram
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2.1 Hardware

The Isolated CAN EXP’s key components are:

» Si88242ED-IS — Digital Isolator with Integrated DC-DC Converter containing 4 unidirectional channels, Automotive, 20-pin SOIC
+ 2xNCV7351D13R2G — CAN transceiver

* UTB02268s — power inverter

The flow of the EXP board connected to an MCU Starter Kit is shown in the figure below.

CAN CAN Physical
Protocol Protocol CAN bus

¢ - _

Figure 2.2. Isolated CAN EXP and MCU STK Block Diagram
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2.1.1 Jumpers and Headers
The Isolated CAN EXP contains many jumpers and headers for easy debugging and added functionality.

JP1 and JP3 control the silent mode of the CAN transceivers. Populating these will silence the CAN transceivers preventing them from
sending data on the CAN bus; however, they will still receive and provide the data to the MCU.

J3 contains the pre-isolated CAN data signals, as well as shutdown for the DC-DC converter. Populating the shutdown, which is the top
row jumper, will prevent power from going across the isolation barrier. Note that when the shutdown is populated, auxiliary power must
be provided to the other side of the isolation barrier.

J4 contains the post-isolation CAN data signals.

JP2, JP4, JP10, and JP11 control the CAN termination. Use these to either connect or disconnect the 120-Q termination resistors that
need to be on the end of the CAN bus.

JP9 and JP8 control the digital level of the CAN transceivers.

JP5 and JP7 enable or disable CAN loopback. With these two jumpers populated, the ports CANO and CAN1 will be connected, thereby
allowing the MCU to communicate back to itself. This is intended as an evaluation and debugging mode.

The schematics for the board are found in the figure below.

11 0.10F

2l NCVT3STDIZRZG PR

Silk: CaNO
Eilk for J1: i
B CANOH 3
CANO_L
L T
o = o
ok 5 e
vcu ©1 | |10uF D2 DB2440100L Voo
— e i @ v
- S M 1
%01 A1 62 ca % 03
» ) 0.1uF 10uF
¥ =Eo 100 I I RED
i = = Silk: CAN1
L r— T tonE 11k for 2. 22 H
15uH e,
Ri4 R12 " CANT_S D
L T
287K 247K ool § 215
2 us JP1 —D
2 . TP 5o cang TX Sl g o &I
o i £i68242 b SOCANOTX P TXD S [oO—K voo =  25mm
1 , " +0 2 oo [Komon £ R
GNDB = 5 VDD = 2| vec cany |F¥cana L ¥
voDe 5 al: Lo s0_cana Rx 3 axp  vio 2 —von Silk: CAN Termimation
Tul 4
& ne 2 wF T = I_ NCVT3S1DI3RIG  Jpg 5% b
7 = = E g
E ne ¥ = 400K (< CAND_H
10 < RIS
{4 VSNS c13
g 15 R 400K L us 3 804
- s . s v
é COMF o A = - 133K S0_CANI_TX ¥ TXD 5 GO~ voo -
0 gy o 2 TrroaN < RE =
a o = | GNDCaNH [XCAMH = T L 7]
3 = === . = s = AN
—= 82 i = = \,m_\‘,‘ﬁ voe cant F¥dcant L i 'Lm_ ¢ CAND_L
Ll N = !
= 50 CANT_RX N 5 = /DD is14. '}F us
- Cit CANT_RXPF Ry vio —E—\\ f NUP2105LT1G

i 3 e Silk for J2: i =
8ilk for J3: \ ” ’_&74« CANT_H

07X Isomo  USt c1e R

1 Isoma  Jse o4
X Isomo  Jse
2 CANLRX Isoma 157

604
HEADER 512 HEADER 42 = im_ ¢ CANI_L
4815 a? us
A& nup2oaTic

Jz3
1s2
Js5
Jz8

[EEE

£5¥cE - AUK BWE Silk: CAN LoopBack

I
]

CAND_H)>—[CO<¥ CANI_H
R Board ID scat =

= CAND_L B E( CANIL

EXP Female Header

W Gesar Chavez
Austin, TX 78701

OO0 i

SF1 sk SF2 SF4
Rubber Feet

5 T T T 3 T £

Figure 2.3. Isolated USB EXP Schematic
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2.1.2 Header Connections

The Isolated CAN EXP connects to the MCU STK via a 20-pin header. The EXP board contains the receptacle, and the MCU STK
contains the pins. Refer to the figure below for the exact pin out.

EXP Female Header

Socket 2x10 RA

1
VMCU
CANT_RXDS :éi«
CANT_TX —
9 10
VT\ 1% 1
1>§>é: 14
CANO_TX ] CANO_RX
2C_SCL 5
12C_SDA X+3.3V

JP6

Figure 2.4. Isolated CAN EXP Receptacle Header

Refer to the individual MCU STK user guides for each specific boards pin out and pin functions. The example in the figure below is the
EFM32 Giant Gecko 11 Starter Kit (SLSTK3701A) pin out.

3Vv3 20 2= 19 Board ID SDA

5V 18| = = [17 Board ID SCL
PCO 16| 2 = |15 PC1
PEO 14 = = [13 PB9
PES 12 11 PB11
PE13 10| = [ 9 PC5
PE12 _8 | 2 = | 7 PC4
PE1 6| 22 |5 PA13
PE10 4 | 2 = [ 3 PA12
VMCU 2 | - - [ 1  GND

Figure 2.5. EFM32 Giant Gecko 11 STK3701A 20-pin Expansion Header
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3. Getting Started

The first step to getting started with your new Isolated CAN EXP is to download Simplicity Studio from www.silabs.com/simplicity-studio.
The simplicity studio software package contains all the tools, drivers, software examples, and documentation needed to use the Isola-
ted CAN EXP. You will need to connect the Isolated CAN EXP to the EFM32GG-STK3701A Giant Gecko STK. The demo code can be
loaded using the USB cable and the J-Link debug interface.

Note: This document will walk through the evaluation process assuming one Giant Gecko MCU STKs and one Isolated CAN EXP are
used in CAN loopback mode, see the figure below for the final setup.
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Figure 3.1. Completed CAN Demonstration Set Up
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3.1 Loading CAN Software Demo

The following steps will load the demo firmware onto the Giant Gecko STK. This process requires Simplicity Studio which is available
for download at www.silabs.com/simplicity-studio.

1.Use a USB mini type cable to connect the J-Link debug interface on the Giant Gecko STK to the PC, and position the power
source select switch to AEM (right-most position).

2. Launch Simplicity Studio.

3. Click on [Refresh Detected Hardware].

4. Select the Giant Gecko STK device, under the Device tab.
5. Click on the [New Project] button.

EFM32GG11 Giant Gecko Starter Kit (SLSTK3701A)

Preferred SDK: Gecko SDK Suite v2.0.0: MCU 5.3.2.0, Micrium OS5 51.0  Click here to change the preferred SDK.

Debug Mode: Mcu Change
Adapter Firmware Version: 0v15p6b841 No local adapter firmware available. Download

MNew Project Recent Projects «

Figure 3.2. Opening a New Project with the EFM32 Giant Gecko

6. Ensure the Giant Gecko Start Kit is selected and hit [Next].

F 3 ik
«= Mew Silicon Labs Project [ '-':"| =l ﬂ

Project setup o <>
Select the board, part, and 50K for the project. 1! ,r'

Boards:

| -

| EFM32GG11 Giant Gecko Starter Kit board (BRD22044 Rev B0O)

Part:

Search -

EFMZ2GG11BE20F2048G1192

SDE:
’Gecko SDK Suite: MCU 5.3.2.0, Micrium C5 5.1.0 (v2.0.0) (ChUsers\mabeecha\D v] '(_-ﬂ;f'

Manage 50Ks...

® < Back _ Mext » Finish _ Cancel

Figure 3.3. Project setup

7.Select [Example] and hit [Next].
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o
~== MNew Silicon Labs Project

Project setup
Select the type of project.

Project Type:

") Empty C Program - Create an empty C executable project,

(") Empty C++ Program - Create an empty C++ executable project,
i@ Example - Create a working example for the part.

(") Library - Create an empty static library project.

i Simplicity Configurator Program - Create a project whose contents are
driven from Simplicity Configurator.

@ < Back “ Mext = [ Finish !

Figure 3.4. Starting from an Example

8. Locate the can_board example and hit [Next] and then [Finish] to complete creating a new project
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r _ .
«= Mew Silicon Labs Project | E ﬂ

Example Project

Select the project template to cpen in Simplicity IDE.

i-t}’pE filter text

4 0 EFM32GG11 Giant Gecko Starter Kit
|E| SLSTK3701A_blink

|§'__§E5TK3?E}1A can_board |
|E SLSTE3TOLA cslib

E SLETESTO1A_EFM32GG11E spectrum_analyzer
[E] SLSTK37014A_emade

= SLSTK3701A_glib -

| CAN bus example. =

| This example project use EFM32 EMLIB peripheral library to demons

the use of CAN bus. This demo reguires CAN expansicn board IS50-CI
| This example uges glib sxample to show the CAN actions on the dis
| GRIQ interrupt are implemented in corder to make use of the buttor ™
[ ] m | P

@ T e T

Figure 3.5. Selecting the CAN example project

9. The example and code can now be seen in the IDE perspective. From here it can be modified, debugged, and deployed to the
Starter Kit. To deploy it to the board, select the [Debug] button outlined in red.
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Figure 3.6. Debugging the CAN project
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10. Once in debug mode, the code can be stepped through, breakpoints can be set, and more. To program the board select the [De-
ploy] button outlined in red.
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P by _5 {_J___

File Edit Source Refactor Mavigate 5earch Project RBun  Window Help
f#v‘-hl el E-3rRHB-® AN EYCe iR
|4 Debug 22 |
4 Silicon Labs ARM MCLU; EFM32GG11BE20F2048GL192
4 ¥ SLSTK3701A_can_board.axf

\= main() at can_demo.c:440 0x6ad0 |

Figure 3.7. Deploying the CAN project
11. The example is now loaded onto the MCU STK.

3.2 Connecting the EXP Board

The EXP board has a 20-pin female header. This header plugs in to the STK.

» Connect the EXP board to the STK through the 20-pin header.

» Populate the CAN loopback jumpers JP5 and JP7. Alternatively you can connect wires to the screw terminals.

+ With the EXP and STK connected and the MCU STK plugged in via USB, press the [Reset] button on the MCU STK.

The kit is now connected, the board is powered, and the demo is running on the MCU. The EXP board contains an isolation barrier
where power is transferred over to the CAN transceiver.

silabs.com | Building a more connected world.
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3.3 Using and Understanding the CAN Example

The demo displays the number of received and transmitted characters on each CAN port. The MCU STK screen will increase the char-
acter count by one for each button that is pressed. In the current configuration with the loopback jumpers populated, every character
sent on one CAN port will be received on the other. This way CANO TX and CAN1 RX should always be equal and CAN1 TX and CANO
RX should always be equal. The screen will look like the image below after 3 presses of each button.

2 AEM
Wi aacCisGNOI

P
m oo

S o

Figure 3.8. CAN Example Screen

The example successfully mimicked two isolated MCU STKs from each other. If noise or a current spike occurred on either one, the
other would not be affected. For more information on isolation, please see the Si88xx documentation listed at the end of this document.
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4. Relevant Documentation

The following documents are available on http://www.silabs.com:
+ UG287: EFM32 Giant Gecko GG11 Starter Kit User's Guide — User manual for the Giant Gecko 11 Starter Kit (SLSTK3701A)
+ Si88x4x Quad Digital Isolators with DC-DC Converter Datasheet — Overview and characteristics of the Si88x4x series of isolators

Datasheet and support documentation can be accessed on the Silicon Labs website http://www.silabs.com or in Simplicity Studio under
the Document Index section.

silabs.com | Building a more connected world. Rev. 0.1 | 13




L=
T Ter——

- D—— et £

D you have an
innwathen ides to
o thae e}l
CONNEC T

ESPhIve el Foalignd Prifiaild
S LU R SR,

i ==

e

Smart.
Connected.
Energy-Friendly.

Products (@]1F:1114Y Support and Community
www.silabs.com/products www.silabs.com/quality community.silabs.com

Disclaimer

Silicon Labs intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software implementers using or
intending to use the Silicon Labs products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific device, and "Typical"
parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon Labs reserves the right to make changes
without further notice and limitation to product information, specifications, and descriptions herein, and does not give warranties as to the accuracy or completeness of the included
information. Silicon Labs shall have no liability for the consequences of use of the information supplied herein. This document does not imply or express copyright licenses granted
hereunder to design or fabricate any integrated circuits. The products are not designed or authorized to be used within any Life Support System without the specific written consent of
Silicon Labs. A "Life Support System" is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected to result in significant
personal injury or death. Silicon Labs products are not designed or authorized for military applications. Silicon Labs products shall under no circumstances be used in weapons of mass
destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons.

Trademark Information

Silicon Laboratories Inc.® , Silicon Laboratories®, Silicon Labs®, SiLabs® and the Silicon Labs logo®, Bluegiga®, Bluegiga Logo®, Clockbuilder®, CMEMS®, DSPLL®, EFM®,
EFM32®, EFR, Ember®, Energy Micro, Energy Micro logo and combinations thereof, "the world’s most energy friendly microcontrollers", Ember®, EZLink®, EZRadio®, EZRadioPRO®,
Gecko®, ISOmodem®, Micrium, Precision32®, ProSLIC®, Simplicity Studio®, SIiPHY®, Telegesis, the Telegesis Logo®, USBXpress®, Zentri and others are trademarks or registered
trademarks of Silicon Labs. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of ARM Holdings. Keil is a registered trademark of ARM Limited. All other
products or brand names mentioned herein are trademarks of their respective holders.

Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701

USA

SILICON LABS http://lwww.silabs.com
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