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Isolated RS232 and RS485 Expansion

Board User Guide

The Silicon Labs Isolated RS232 and RS485 Evaluation Board

is a hardware plugin card for EFM8 and EFM32 Starter Kits
(STKs). The Isolated RS232 and RS485 EXP is intended to

help demonstrate and evaluate applications for Silicon Labs iso-
lation and MCU products. Silicon Labs isolation products create
a CMOS barrier to protect components while still allowing for com-
munication and power transfer. Silicon Labs MCU products offer
broad solutions for low power, industrial, consumer electronics
and more. Software demos are available for connecting the MCU
Isolated RS232 and RS485 EXP and can be downloaded and

run through Simplicity Studio™. The demos send signals across
the isolation barrier and the message is seen by the user on a
terminal or on the screen of the MCU STK. They also showcase
Silicon Labs ISOVolt technology as the MCU powers components
across the isolation barrier.

Note: For full use and evaluation of the Isolated RS232 and RS485 EXP a MCU STK
is needed. For full demonstration, two MCU STKs and two Isolated RS232 and RS485
EXPs are needed to communicate between one another. Software examples are provi-

ded for two MCU STKs, the EFM32 Wonder Gecko Starter Kit EFM32WG-STK3800 and
the EFM8 Universal Bee 1 Starter Kit SLSTK2000A.

KEY FEATURES OR KEY POINTS

20-pin headers for connection to EFM8
and EFM32 starter kits

Software demos available in Simplicity
Studio

Power and communication over isolation
barrier

Jumpers for easy manual control of input
signals
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1. Kit Contents

The Isolated RS232 and RS485 Evaluation Kit contains the Expansion Board, null modem DB9 cable, and a QR code card for quick
access to information. Other features of the kit include the following items:

» 20-pin header to connect to the MCU STK

» DB9 port for RS232

» Screw terminals for RS485

» 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 RS232 and RS485 EXP
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2. Details and Applications

This evaluation kit and associated demos allow the MCU STK, Isolated RS232 and RS485 EXP, and sensors to communicate through
the RS ports on the EXP board while being isolated. The MCU communicates through UART to the isolation devices. These signals are
carried through the barrier into an RS transceiver which converts it to either RS485 or RS232. Then, the RS ports can be read by a host
or another MCU/EXP combination. The RS communication protocols, especially RS485, are widely used in industrial and commercial

applications where long wires, multiple nodes, high power, or noise are common. Isolation 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, such as RS485, CAN, 12C, SPI, UART and the combination of

Silicon Labs isolators and MCU products can serve any of these segments.

2.1 Hardware

The Isolated RS232 and RS485 EXP key components are:
» Si88242ED-IS - Digital Isolator with Integrated DC-DC Converter containing 4 unidirectional channels, Automotive, 20-pin SOIC

» Si8631BB-B-I1S1- Digital CMOS Isolator with 3 channels, up to 150Mbps, Automotive, 16-Pin SOIC

* ISL3332IAZ — RS232 and RS485 transceiver

« UTB02268s — Power inverter

The flow of the EXP board connected to an MCU Starter Kit is shown in the figure below.
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Figure 2.1. Isolated RS232 and RS485 EXP and MCU STK block diagram
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2.1.1 Jumpers and Headers

Isolated RS232 and RS485 EXP contains many jumpers and headers for easy debugging and added functionality.

J1 and J2 contain the 4 wire RS232 signals with J1 coming from the MCU and J2 coming from the transceiver.

J1 also contains the shutdown jumper for the isolator. With this populated, the DC-DC converter is disabled and no power will be sent
over the barrier. The other side of the isolation barrier must then be powered separately via the J5 port. With J1 unpopulated, power will
flow over the isolation barrier and only one power source is needed.

J3 and J4 contain the RS485 signals with J3 coming from the MCU and J4 coming from the transceiver.

JP1 and JP2 allow loopback of the RS232 signals in the occurrence that no RS232 host or device is available.

JP4 and JP5 allow for RS485 biasing.

The schematics for the board are found in Figure 3.
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Figure 2.2. Isolated USB EXP Schematic
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2.1.2 Header Connections

The Isolated RS232 and RS485 EXP connects to the MCU STK via a 20-pin header. On the EXP board is the receptacle and the MCU
STK has the pins. They align in such a way to take advantage of certain MCU peripherals, such as UART and GPIOs. See the figure
below for the exact pin out. See the individual MCU STK user guides for each specific board. The one shown below is the EFM32
Wonder Gecko Starter Kit pin out.

GND 11 o0 | 2 wvmcu EXP Female Header
PCO 3 | oo | 4 PDO
PC3 5 | oo | 6 PDI Socket 2x10 RA
PC4 7 | oo | 8 PD2 1
PC5 9 | oo | 10 PD3
PB11 11 | o o | 12 PD4 \ k \ %—
PB12 13 | o o | 14 PD5 S
PC6 15 | o o | 16 PD6 5
PD7 17 | o o | 18 5V
GND 19 | o o | 20 3V3 11
137
15
7

12C_SCL
12C_SDA

JP6

Figure 2.3. EFM32 WG STK 20-pin header (left) and the Isolated RS232 and RS485 EXP receptacle header (right)
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3. Getting Started

The first step to getting started with a new Isolated RS232 and RS485 EXP is to download Simplicity Studio from http://www.si-
labs.com/simplicity-studio. The Simplicity Studio software package contains all tools, drivers, software examples, and documentation
needed to use the Isolated RS232 and RS485 EXP. Connect the Isolated RS232 and RS485 EXP to the EFM32WG-STK3800 Wonder
Gecko STK or the EFM8UB1 STK. The demo code can be loaded using the USB cable and the J-Link debug interface.

Note: This document describes the evaluation process for two Wonder Gecko MCU STKs and two Isolated RS232 and RS485 EXPs
are used. See the figure below for the final setup.
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Figure 3.1. Completed RS485 demonstration setup
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3.1 Loading RS485 Software Demo

The following steps load the demo firmware onto the Wonder Gecko STK. This process requires Simplicity Studio which is available for
download at http://www.silabs.com/simplicity-studio. The process is very similar for the Universal Bee 1 STK.

» Use a USB mini type cable to connect the J-Link debug interface on the Wonder Gecko STK to the PC and position the power

source select switch to AEM (right-most position).
Launch Simplicity Studio.

Click on Refresh Detected Hardware.

Select the Wonder Gecko STK device, under Device tab.
Click on the New Project button.

EFM32 Wonder Gecko Starter Kit (EFM32WG-STK3800)

Preferred SDK: Gecko SDK Suite w1.1.0: MCU5.21.0 Click here to change the preferred SDE.

MCU Changs

Adapter Firmware Version: 0v14p3bl59 Change

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

« Ensure the Wonder Gecko Start Kit is selected and click next.

-
«=+ Mew Silicon Labs Project E@g
e~ e

Project setup e
Select the board, part, and SDK for the project.

Boards:

EFM32 Wonder Gecko Starter Kit board (BRD24004 Rev A00) *

Part:

Search -

EFMZ2WGI90F256

SOk
’Gecko SDK Suite: MCU 5.2.1.0 (v1.1.0) (CASilicenLabs\SimplicityStudioivd_4yde v] @

Manage SDKs...

@ < Back Next » Finish

Figure 3.3. Project setup
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» Select example and click next.

-
«= Mew Silicon Labs Project

Project setup
Select the type of project.

Project Type:

(") Empty C Program - Create an empty C executable project.

@ Example - Create a working example for the part.

(7 Library - Create an empty static library project.

driven from Simplicity Configurator.

") Empty C++ Program - Create an empty C++ executable project.

() Simplicity Configurator Program - Create a project whose contents are

@ [ < Back ” Mext » Finish

Cancel

Figure 3.4. Starting from an Example
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* Locate the Isolated_RS485 example and click Next and then Finish to complete creating a new project.

L] E

«~== Mew Silicon Labs Project

Example Project s
Select the project template to epen in Simplicity IDE.

type filter text

STK3800_lightsense -
STKZ800_lightsensefft_softfloat
STEZE00_mpu
STE3800_nandflash
STEZ800_nwm_simple
STK3800_powertest
STE3800_r=232_isolated
STE3800 _r=485_isolated -

]

&~

R5485 Isolated Example il
Thiz is &n example for the EFM32WG_STHE3200 Wonder Gecko Starter E|E|
to the Isclated-BS5-EXP. It usea the LEUART port to communicate o
to an RS5485 tranciever, The push buttona send characters over the
barrier. The screen will update with received characters. Lower

characters are converted to upper case before being printed on tr ™
4 | 1] [ 3

@ <Back | Net> || Finisn

Figure 3.5. Selecting the rs485_isolated example project

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.
«== Simplicity IDE - STK3800_rs485_isolated/src/rs485_isolated.c - Simplicity Studio ™
Eile Edit Source Refactor Navigate Search Project Run Window Help

Nl - K-{H-e-Beod

Fi) Project Explorer 23 - —

& v =0

4 (25 STK3800_rs485_isolated [GNU ARM v4.9.3 - Debug] [EFM32WG390F256 - Gecko SD
b [ Includes
> @2 emsis

Drivers

emlib

ERIEY

4 [E; Src
5 [ rs485_isolated.c

Figure 3.6. Debugging the rs485_isolated project

Once in debug mode, the code can be stepped through, breakpoints can be set, and more. To program the board select the Deploy
button outlined in red.
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<=+ Debug - STK3800_rs485_isolated/src/rs485._isolated.c - Simplicity Studio ™ ||
File Edit Source Refactor MNavigate Search Project Bun Window Help

5] || IR ®: S Y] v v o viilE

15 Debug 52 |
4 Silicon Labs ARM MCU: EFM32WGS90F256

4 12 STK3800_rs485_isolated.axf
|= main() at rs485_isclated,c:155 x2a54

i)
dz

Figure 3.7. Deploying the rs485_isolated project

The example is now loaded onto the MCU STK. To fully demonstrate this, another host or MCU STK is needed to communicate
with/between. If you are using another MCU STK, follow the same steps to load the demo. If using a different RS485 host with the
Wonder Gecko STK, set the bit rate to 9600. If using the EFM8 Universal Bee 1 STK, set the bit rate to 115200.

3.2 Connecting the EXP Board

The EXP board has a 20-pin female header, which plugs into the STK. This EXP also comes with screw terminals for the RS485
signals.

To connect the EXP board, follow the steps below:
» Connect the RS485+ and RS485- signals together.
» Connect the EXP board to the STK through the 20-pin header.

» With the EXP and STK connected and the MCU STK plugged in via USB, press the Reset button on the MCU STK, do it on both if
using two MCU STKs.

The kit is now connected, the board is powered, and the demo is running on the MCUs. The EXP board contains an isolation barrier
where power is transferred over to the RS transceiver.
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3.3 Using and Understanding the RS485 Example

The demo displays a character on the MCU STK screen, increments the character, and sends it over RS485 when one of the buttons
are pressed. It will continue to cycle through the alphabet. The communication flow is as follows:

* Both MCU STKs at idle and initialized.

* A button on the MCU STK is pressed.

» MCU sends signals via UART to the EXP.

* The EXP isolates the signals and transforms them to RS485.

» The RS485 signals are received by the second EXP.

» The second EXP transfers them back to UART and passes them over the isolation barrier.
* The MCU receives the UART data and updates its screen.

Character Button
Received Pressed

Increment or
Update Character,
P Idle/Start Decrement Character
Update Screen .
and Transmit

AL S

Figure 3.8. rs485_isolated example flow

The example successfully shows how to isolate the two MCU STKs from each other. If a noise or a current spike occurs on either one,
the other is not affected. For more information on isolation, see the S188xx documentation listed at the end of this document.

Figure 3.9. Board setup for example of isolated RS485 demo
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3.4 Loading RS232 Software Demos

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

These steps are similar to the RS485 demo described above. See figures above and follow the steps below.

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

Launch Simplicity Studio.

Click on the Refresh Detected Hardware.

Select the Wonder Gecko STK device under Device tab.

Click on the New Project button.

Leave the default part and board and click next.

Select example and click next.

Locate the Isolated_RS232 example and continue through the prompts until the project is loaded.

Note: This document describes the evaluation process assuming that two Wonder Gecko MCU STKs and two Isolated RS EXPs are
used. The EFM8 Universal Bee 1 does not have an RS232 example. You may also use one MCU STK and EXP combination along with
a host that has the ability to communicate with RS232.

3.5 Connecting the EXP Board

The EXP board has a 20-pin female header, which plugs into the STK. This EXP also comes with a DB9 port and cable for the RS232
pins.

To connect the EXP board, follow the steps below:

Connect the provided null modem DB9 cable to the port on the EXP.

If using a host set the bit rate to 115200, connect the other end to the other set of boards or to a host. Most hosts use COM1 as their
DB9 port.

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

Plug the USB cable into the MCU STK to power the two boards.

With the EXP and MCU STK connected and the MCU STK plugged in via USB, press the Reset button on the MCU STK. If using
two MCU STKs, reset both .

The kit is now connected, the board is powered, and the demo is running one or both MCUs. The EXP board contains an isolation
barrier where power is transferred over to the RS transceiver.
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3.6 Using and Understanding the RS232 Example

The demo displays a character on the MCU STK screen, increments the character, and sends it over RS232 when one of the buttons
are pressed. It will continue to cycle through the alphabet. The communication flow is as follows:

Both MCU STKs at idle and initialized.
A button on the MCU STK is pressed.
MCU sends signals via UART to the EXP.

The EXP isolates the signals and transforms them to RS232.

The RS232 signals are received by the second EXP.

The second EXP transfers them back to UART and passes them over the isolation barrier.

The MCU receives the UART data and updates its screen.

Character
Received

Update Character,
Update Screen

Idle/Start

Button
Pressed

>

Increment or
Decrement Character
and Transmit

AL S

Figure 3.10. rs232_isolated example flow

The Example successfully showed how to isolate the two MCU STKs from each other. If a noise or a current spike occurs on either one,
the other is not affected. For more information on isolation, see the S188xx 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.
* EFM32 Wonder Gecko STK User Guide — User manual for the Wonder Gecko Starter Kit.
» Si88x4x Quad Digital Isolators with DC-DC Converter Datasheet — Overview and characteristics of the Si88x4x series of isolators.

» Si8640/Si8641/Si8642/Si8645 Low-Power Quad-Channel Digital Isolators Datasheet — Overview and characteristics of the Si864x
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.
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