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NOTES FOR CMOS DEVICES

@® PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, it is possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/O settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

The OpenTherm Association is an independent European organization, constituted under
Dutch law, whose object is to promote the introduction and adoption of the OpenTherm
technical standard for HVAC system control communication, laid down in the protocol
specification. The OpenTherm Association controls the application by, and the granting
of the licenses for use of, the OpenTherm trademark and logo.

OpenTherm, OpenTherm/Plus, OpenTherm/lite and the OpenTherm logo are registered
trademarks of the OpenTherm Association.

All other product, brand, or trade names used in this publication are the trademarks
or registered trademarks of their respective trademark owners.

Product specifications are subject to change without notice. To ensure that you have the latest
product data, please contact your local NEC Electronics sales office.
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* The information in this document is current as of 11.04. 2005. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

 No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

* NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

< Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

 While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

« NEC Electronics products are classified into the following three quality grades: "Standard”, "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-

designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).

M8E 02.11-1
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

e Device availability
e Orderinginformation

e Product release schedule

* Availability of related technical literature

e Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

e Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics America Inc.
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Tel: 091- 504 27 87
Fax: 091- 504 28 60
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Veélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99

Filiale Italiana
Milano, Italy

Tel: 02-66 75 41
Fax: 02-66 75 42 99

Branch The Netherlands
Eindhoven, The Netherlands
Tel:  040-244 58 45

Fax: 040-244 45 80

Branch Sweden
Taeby, Sweden

Tel: 08-63 80 820
Fax: 08-63 80 388

United Kingdom Branch
Milton Keynes, UK

Tel: 01908-691-133
Fax: 01908-670-290

NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044
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Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411
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NEC Electronics Taiwan Ltd.
Taipei, Taiwan
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Introduction

This document should give some information about the OpenTherm™ Communication Protocol.
Furthermore, it illustrates the communication protocol, the hardware (peripherals) and the software
which is used.

As example, an implementation of the Data-Link-Layer on a general purpose NEC microcontroller is
described. In this case, the yPD78F0148H on the demo-board “Play-it2” is used.

Two units are used to send and receive some simple data using the so called “OT+" protocol.
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Introduction

Legend

Symbols and notation are used as follows:

Weight in data notation  : Left is high-order column, right is low order column
Active low notation : xxx (pin or signal name is over-scored) or
Ixxx (slash before signal name)
Memory map address: . High order at high stage and low order at low stage
Note . Explanation of (Note) in the text
Caution . Item deserving extra attention
Remark . Supplementary explanation to the text
Numeric notation . Binary... xxxx or xxxB

Decimal... XXxX

Hexadecimal... XXxXH or 0x XXxX
Prefixes representing powers of 2 (address space, memory capacity)

K (kilo): 210 = 1024

M (mega): 220 = 10242 = 1,048,576

G (giga): 2%° = 10242 = 1,073,741,824
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Chapter 1 OpenTherm Description

OpenTherm is a point to point communication system, which connects a boiler with a room controller.
The room-unit calculates a heating demand signal and transmits it to the boiler, the boiler will answer
with status messages and system information for diagnostic.

Figure 1-1: Block Diagram 1

&

[

. . oooo

Burner OpenTherm Room controller

There are two different protocols for OpenTherm, an analog one, which is called OT/- and the digital
one called OT/+. Some devices supports both and have to detect automatically the protocol used by the
partner-device. This is done after reset/restart of the room-controller by communication time-out
regarding the OT+ protocol.

The design allows future expansion by the use of reserved ID’s and spare bits in the frame, but it is no
bus system, therefore an intermediate gateway will be required.

Figure 1-2: Block Diagram 2

Other devices
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OpenTherm OpenTherm
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Burner Gateway Room controller
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Chapter 1 OpenTherm Description

1.1 Electrical Specification

The OpenTherm bus is a two wire interface (non-polarity), where the data transmission and the power
for the room controller is provided on the same lines, so that there is no need for an external power sup-

ply for the room unit.
The room controller will send voltage signals and the boiler will answer with current signals.

Figure 1-3: Current / Voltage

Current/
Voltage A

high level |-———— —_— e —

threshold

low leve| /—m/ @ m™m™m™mmm—m"4————"—————

P Time

Current: high signal 17....23 mA
Low signal 5....9 mA
Threshold 11.5....14.5 mA

Voltage: high signal 15....18 V
Low signal ......... 7 V max.
Threshold 9.5....125V

Rise and fall times: 50 ps max.

So the max. available current for the room controller is 5 mA (idle state), the minimum voltage for the
room unit is a function of the implementation of the interface.
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Chapter 1 OpenTherm Description

1.2 The Protocol

OpenTherm uses a Manchester encoded unidirectional serial protocol with a transmission rate
of 1.0 kHz. So the bit time is 1000 us -10%/+15%.

The advantage of such kind of protocol is that a transition is done in every bit, so also the synchroniza-
tion can be done every bit to avoid the accumulation of timing errors. The absence of an expected tran-
sition has to be recognized by the receiver and the frame has to be rejected.

The frame consists of 34 bits:
- 1 start-bit (logical 1)
- 32 data bits
- 1 stop bit (logical 1)
The 32 data bits are divided into:

- 1 parity-bit (even)
- 3 message type bits

- 4 spare bits (logical 0 for future use)

- 8 data-ID bits
- 16 data-Value bits

Figure 1-4: OpenTherm Protocol Frame Timing
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Manchester levels
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| | |
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Chapter 1 OpenTherm Description

The parity bit (P) should be manipulated so that the total number of “1” bits in the 32bit frame is even.
The message type (MSG) will identify the contents and the meaning of the frame:

Message type Value Direction

Read-data 000 Room-controller — Boiler

The room-controller is requesting a data value, typically 0x0000 is send as data, but in some cases also
verification data can be send

Write-data | 001 ‘ Room-controller — Boiler

The room-controller sends data to the boiler as specified by the identifier

Invalid-data | 010 ‘ Room-controller — Boiler

In some cases it might be necessary to send data which are invalid in the particular application. Then the
room unit will use this message type.

-reserved- | 011 ‘

Read-acknowledge | 100 ‘ Boiler— Room-controller

The ID is recognized by the boiler and the requested data are available and valid. Data is returned.

Write-acknowledge | 101 ‘ Boiler— Room-controller

The ID is recognized by the boiler and the data sent are valid.

Data-invalid | 110 ‘ Boiler— Room-controller

The ID is recognized by the boiler but the data sent are invalid or the requested data are not available or
invalid.

Unknown-Data-ID | 111 ‘ Boiler— Room-controller

The ID is not known by the boiler.

The data-ID (ID) identifies uniquely the transmitted values. A full description can be found in the Appli-
cation layer section of the OpenTherm specification.

The data-value (data) transmitted contain either a 16-bit value or two 8-bit values corresponding to the
data-1D send before.

The partial frame has to be rejected, if an error was detected. The communication should be termi-

nated. The room controller has to recognize this termination and should reattempt the same message
at the next time schedule.
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Chapter 1 OpenTherm Description

1.2.1 Conversation timing

Figure 1-5: Conversation timing

% - ___ >_
max: 1.15 s
min: 20 ms! i
max: 800 ms { min: 100 ms

H
—— - ————————— -
H H :

So in normal operation mode the room unit has to send a frame at least every second (+15%), it
expects an answer from the boiler earliest after 20 ms and latest after 800 ms.After this answer there
has to be a pause for 100 ms.

But there are also some special cases:

<1> At the initialization the protocol-type is automatically detected, the room unit tries to commu-
nicate with the boiler using the OT+ protocaol, if there is no response within 20 seconds, the
room unit switches to OT- protocol and no further OT+ communication is possible, unless the
room unit is reset.

<2> Short circuit feature: The boiler must recognize a short circuit for longer than 5 seconds, as a

heating demand and must act within 15 seconds. After release of the short-circuit the stand-
ard communication continues.
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Chapter 2 Demo-System

2.1 Used Hardware

To demonstrate the communication between two units, a system consisting of two playit2 kits represent-
ing a room-thermostat and a boiler was set up.

Figure 2-1: Hardware Block Diagram

NEC K Line NEC K Line
Play it! - 2 Play it! - 2

[+~ S -o- |

A

i I
oo mm

room-unit boiler

The communication between the two units is displayed on the LCD.
Always the received message is displayed with the following shortcuts:

Message-type — MT: x(xvalue0-7)

Data-ID — ID:  xxx (xxx value 0 - 255)
Data-1 — D1: xxx (xxx value 0 - 255)
Data-2 — D2:  xxx (xxx value 0 - 255)

The transmitted message will change every 5 seconds.
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Chapter 2 Demo-System

2.2 Used Peripherals

The 16-bit timer (TMO0O0) of the uPD78F0148HD is used to generate the needed timings for the

Manchester encoder / decoder. One channel operates with a cycle time of 500 ps, this one will handle
all the timeouts and the send-routine. The second channel operates as capture timer and handles the
timing for the receive-signal, so it can be easily decided, if the detected edge of the receive signal is in-

or outside the valid time window.

Figure 2-2: 16-bit Timer Block Diagram
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Chapter 2 Demo-System

2.3 Software

The software for the sub-unit is divided into functional modules.
The structure is shown in the picture below.
The source code will be attached in the next version of this document.

Figure 2-3: Software Block Diagram

MAIN.c
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Chapter 2 Demo-System

2.3.1 Modules

MAIN:

This module initializes the microcontroller via the HWINIT.c module, handles the data received by the
OT_dll module and will start the transmission of data, if requested.

The module will slightly differ whether the device will emulate the room-unit or the boiler. The received
data is processed and displayed via the LCD-module.

HWINIT:
This module initializes the microcontroller. The clock generator is set, the ports are set to the desired
direction, the interrupts are masked and the watchdog is disabled.

LCD:
This module contains the routines to generate the necessary signals for the 2x12 LCD-module. Also the
functions for printing a string or a number are located in this module.

OT_DLL:

All functions which are needed to do an OpenTherm-communication are placed in this module:

Both timer interrupt service routines, one to handle all timings and the transmission, the other one to
decode the received Manchester signal and check the validity of the bit timing.

The functions to initialize the used peripherals for OpenTherm and to generate the parity-bit.

The functions send_OT_frame and decode_OT_frame, which will handle the data for reception and
transmission.
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3.1 Used Documentation

Chapter 3 References

OpenTherm™ Protocol Specification V2.2 7.February 2002

3.2 Revision History

No.

Date

Description

17.03.2005

The first release
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