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Abbreviations
Abbreviation | Name Description
CLK Clock SPI line for the clock signal
CS Chip Select SPI line to select the slave device.
I/0O Input/output Pinout description.
MISO gsfter In Slave SPI line for data transmission from slave to master.
MOSI :\r/llaster Out Slave SPI line for data transmission from master to slave.
Payload The intended message in a frame / package.
RF Radio frequency Describes wireless transmission.
SPI Serial Peripheral Allows the serial communication with the module.
Interface
Universal
UART Asynghronous Allows the serial communication with the module.
Receiver
Transmitter
All numbers beginning with Ox are hexadecimal
[HEX] Oxhh Hexadecimal numbers. All other numbers are decimal, unless
stated otherwise.
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1 Introduction

The Proteus-lll is a Bluetooth® LE module based on the nRF52 Nordic Semiconductors SoC
which presents various Bluetooth® LE and low power features. It provides a command based
UART interface that allows the configuration and control by simple commands.

Besides of that, there is a second variant of the Proteus-lll, the so called Proteus-IlI-SPI radio
module that provides the functions of the Proteus-Ill via SPI interface.

This application note describes what are the key facts to be considered, when choosing be-
tween the UART variant Proteus-Ill and the SPI variant Proteus-III-SPI.
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Figure 1: Module to host connection
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2 Proteus-lll vs Proteus-IlI-SPI

This chapter collects all the points that have to be considered, when choosing between Proteus-
Il and Proteus-1I-SPI as interface to the Bluetooth® LE world.

2.1 Hardware facts

The Proteus-lll and Proteus-IlI-SPI use the same hardware. Both share the same foot print
and use the same pins. Only the UART pins of the Proteus-Ill are replaced by the SPI pins
on the Proteus-IlI-SPI. Furthermore, the WAKE_UP pin on the Proteus-IlI-SPI has a shared
function, as it is used as SPI interrupt pin in case the module has not been set to deep sleep
mode. In case the module is sleeping, its function is to wake-up the radio module.
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a) Proteus-IIl (UART) b) Proteus-III-SPI (SPI slave)

Figure 2: Pinout

Thus from hardware point of view, there is no difficulty to switch between Proteus-Ill and
Proteus-11I-SPI (also at a later stage in the development process of the end device).
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2.2 Application facts

Except of UART- or SPI-specific features, the Proteus-IIl and Proteus-llI-SPI share the same
functions. Nevertheless, both radio modules behave a bit different. The differences are listed
in the tables below:

Proteus-lll (UART) Proteus-11I-SPI (SPI slave)
The host controller must provide a
: SPI interface with extra CS line and
: The host controller must provide a . )
End device : SPl interrupt line for the
free UART interface, that must be
layout connected onlv to the Proteus-II| Proteus-IlI-SPI. Several SPI slaves
y ' may be connected to the SPI clock
and data lines of the SPI master.
Medium
e configure the SPI data rate
Easy and the SPI mode
Softwarg e configure the UART baud rate e implement the SPI interrupt pin
integration of
and flow control .
the ¢ check and adjust the allowed
UART/SPI e communication can start timings of the SP/_CS and
SPI_CLK line
e communication can start

Software
integration of
the module
functions

Maximum
data rate

Easy - Use the Proteus-Ill drivers' from Wireless Connectivity SDK [1].

1 MBaud (UART) 8 MBit (SPI)
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1Mbit UART can be the bootleneck
for high throughputs, in case the
radio uses a fast setting

e 42.9 (fastest mode: 2 Mbit
radio, 8 ms connection
interval, high throughput mode
on, 1 MBaud UART)

Boost the throughput? if the radio
link is not the bottleneck

e 64.3 (fastest mode: 2 Mbit
radio, 8 ms connection
interval, high throughput mode
on, 8 Mbit SPI)

consumption

Throughput e 16 (fast mode: 2 Mbit radio, ¢ :138 S;asslcr;%dei:ﬁﬁnlvilggsg;o’
[kByte/s] 30 ms connection interval, hiah throuahout mode on..
high throughput mode on, 8 %/Ibit SPI%J P ’
1 MBaud UART)

e 1.57 (default mode: 1 Mbit y :égro(%%fﬁg g%iee:c,:io'\gblt
radlo, 30 ms connection interval, high throughput mode
interval, high throughput mode off, 8 Mbit SPI)
off, 125 kBaud UART) ’

EMC More sensitive due to higher data
rate, and thus higher risk.

Available

radio RED, FCC, IC, TELEC RED, FCC, IC

certifications

Operation Command mode and peripheral Command mode onl

modes only mode (transparent UART) y

e Lower, in case UART is
switched off

— by user in command
Current mode

— automatically in
peripheral only mode if
radio connection is closed

e Low, otherwise

e Lower, as SPI is only enabled
if CS is active

Table 1: Comparison of the keyfacts

For integration of the module drivers into the host microcontroller, the host’s peripherals (i.e. UART, SPI) must
be adapted in the "global" directory of the driver.
2A SPI with a datarate of 700 kBit or faster increases the throughput compared with a 1 MBaud UART, in case
the radio is fast enough.
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2.3 What to choose now?
2.3.1 Prefer Proteus-llI-SPI
Prefer the Proteus-11I-SP1 if one or several of the following points match your application

¢ You do not have a free UART interface available, but a SPI interface with free CS pin and
SPl interrupt pin.

¢ You need the highest possible end-to-end throughput.

Be aware that the connection partner must be able to provide all features and
dependencies for the chosen throughput, too.

¢ You need the lowest possible power consumption without reducing the radio performance
(i.e. throughput, timing behaviour).

The most effective way to reduce the current consumption is to reduce the
transmission power and increase the connection interval (slow down the radio

performance).

2.3.2 Prefer Proteus-lil

Prefer the Proteus-IIl (UART) if one or several of the following points match your application:
¢ None of the Proteus-11I-SPI points matches your application.
¢ You need a simple wire interface that works with minimum configuration.

e You want to use a transparent UART interface to the reduce effort in your software devel-
opment.

¢ You cannot use the fastest radio settings (i.e. 2 Mbit phy or 8 ms connection interval) due
to backward compatibility reasons to older Bluetooth® LE versions and low cost devices.

¢ You cannot use large radio packets (243 bytes payload per radio frame, and up to 4 radio
frames per connection interval) due to backward compatibility reasons to older Bluetooth® LE
versions and low cost devices.
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3 References

[1] Warth Elektronik. Wireless Connectivity SDK for Raspberry Pi - Radio module drivers in
C-code. https://github.com/WurthElektronik/WirelessConnectivity-SDK.
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4 Important notes

The Application Note and its containing information ("Information”) is based on Wuirth Elek-
tronik eiSos GmbH & Co. KG and its subsidiaries and affiliates ("WE eiSos") knowledge and
experience of typical requirements concerning these areas. It serves as general guidance and
shall not be construed as a commitment for the suitability for customer applications by WE
eiSos. While WE eiSos has used reasonable efforts to ensure the accuracy of the Information,
WE eiSos does not guarantee that the Information is error-free, nor makes any other repre-
sentation, warranty or guarantee that the Information is completely accurate or up-to-date. The
Information is subject to change without notice. To the extent permitted by law, the Information
shall not be reproduced or copied without WE eiSos’ prior written permission. In any case,
the Information, in full or in parts, may not be altered, falsified or distorted nor be used for any
unauthorized purpose.

WE eiSos is not liable for application assistance of any kind. Customer may use WE eiSos’
assistance and product recommendations for customer’s applications and design. No oral or
written Information given by WE eiSos or its distributors, agents or employees will operate to
create any warranty or guarantee or vary any official documentation of the product e.g. data
sheets and user manuals towards customer and customer shall not rely on any provided Infor-
mation. THE INFORMATION IS PROVIDED "AS 1S". CUSTOMER ACKNOWLEDGES THAT
WE EISOS MAKES NO REPRESENTATIONS AND WARRANTIES OF ANY KIND RELATED
TO, BUT NOT LIMITED TO THE NON-INFRINGEMENT OF THIRD PARTIES’ INTELLEC-
TUAL PROPERTY RIGHTS OR THE MERCHANTABILITY OR FITNESS FOR A PURPOSE
OR USAGE. WE EISOS DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE, ElI-
THER EXPRESS OR IMPLIED, IS GRANTED UNDER ANY PATENT RIGHT, COPYRIGHT,
MASK WORK RIGHT, OR OTHER INTELLECTUAL PROPERTY RIGHT RELATING TO ANY
COMBINATION, MACHINE, OR PROCESS IN WHICH WE EISOS INFORMATION IS USED.
INFORMATION PUBLISHED BY WE EISOS REGARDING THIRD-PARTY PRODUCTS OR
SERVICES DOES NOT CONSTITUTE A LICENSE FROM WE eiSos TO USE SUCH PROD-
UCTS OR SERVICES OR A WARRANTY OR ENDORSEMENT THEREOF.

The responsibility for the applicability and use of WE eiSos’ components in a particular cus-
tomer design is always solely within the authority of the customer. Due to this fact it is up
to the customer to evaluate and investigate, where appropriate, and decide whether the de-
vice with the specific characteristics described in the specification is valid and suitable for the
respective customer application or not. The technical specifications are stated in the current
data sheet and user manual of the component. Therefore the customers shall use the data
sheets and user manuals and are cautioned to verify that they are current. The data sheets
and user manuals can be downloaded at www.we-online.com. Customers shall strictly observe
any product-specific notes, cautions and warnings. WE eiSos reserves the right to make cor-
rections, modifications, enhancements, improvements, and other changes to its products and
services at any time without notice.

WE eiSos will in no case be liable for customer’s use, or the results of the use, of the com-
ponents or any accompanying written materials. IT IS CUSTOMER’S RESPONSIBILITY TO
VERIFY THE RESULTS OF THE USE OF THIS INFORMATION IN IT°'S OWN PARTICULAR
ENGINEERING AND PRODUCT ENVIRONMENT AND CUSTOMER ASSUMES THE ENTIRE
RISK OF DOING SO OR FAILING TO DO SO. IN NO CASE WILL WE EISOS BE LIABLE FOR
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CUSTOMER'’S USE, OR THE RESULTS OF IT'S USE OF THE COMPONENTS OR ANY AC-
COMPANYING WRITTEN MATERIAL IF CUSTOMER TRANSLATES, ALTERS, ARRANGES,
TRANSFORMS, OR OTHERWISE MODIFIES THE INFORMATION IN ANY WAY, SHAPE OR
FORM.

If customer determines that the components are valid and suitable for a particular design and
wants to order the corresponding components, customer acknowledges to minimize the risk of
loss and harm to individuals and bears the risk for failure leading to personal injury or death
due to customers usage of the components. The components have been designed and devel-
oped for usage in general electronic equipment only. The components are not authorized for
use in equipment where a higher safety standard and reliability standard is especially required
or where a failure of the components is reasonably expected to cause severe personal injury
or death, unless WE eiSos and customer have executed an agreement specifically governing
such use. Moreover WE eiSos components are neither designed nor intended for use in areas
such as military, aerospace, aviation, nuclear control, submarine, transportation, transporta-
tion signal, disaster prevention, medical, public information network etc. WE eiSos must be
informed about the intent of such usage before the design-in stage. In addition, sufficient re-
liability evaluation checks for safety must be performed on every component which is used in
electrical circuits that require high safety and reliability functions or performance. COSTUMER
SHALL INDEMNIFY WE EISOS AGAINST ANY DAMAGES ARISING OUT OF THE USE OF
THE COMPONENTS IN SUCH SAFETY-CRITICAL APPLICATIONS.
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