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2. INTRODUCTION 

 
The PAN8550 is a RF module featuring Z-Wave technology. This technology allows for the the easy 
implementation of wireless networks in Home automation and remote control applications [3][4]. 

 
This Evaluation Board for the PAN8550 module is a general platform that provides easy access to all  
functions of the module. Specific information to each functional block will be covered in detail in 
Chapter 4.  
 

Power Supply Section
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Analog Section

RFE2PROM

Module

LED
section

User Keys
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Fig. 1 Evaluation Board with functional sections ou tlined 

 
The module is fully compatible with the Zen-Sys application boards and fully complaint with the Z-
Wave software, so all applications and examples from the Zen-Sys Development Kit can be used 
without alteration. 
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3.  SCOPE OF DELIVERY 
 
The PAN8550 Evaluation Kit contains: 
 
2 x  Evaluation Boards with  
2 x  RF-module PAN8550 mounted on-board 
2 x  Set of power supply connectors (2mm Lab-connector) 
1 x  UFL connector for RF modification 
2 x  Serial RS232 cable 

1 x  CD with this documentation and sample software 
 
4.  FUNCTIONAL OVERVIEW 
 

Please refer to Fig. 1 for the location of the corresponding functional block on the Evaluation board. 
This sections will contain detailed information about the aspects of each functional block and about its 
configuration options. 
 

4.1. POWER SUPPLY SECTION 
 

The power supply section provides a regulated +3V DC voltage for the PAN8550 module and 
the Evaluation board circuitry. For convenience a wider choice of input options exist.  
 
Please note that these options have to be used alternatively.  
 
While protection mechanisms against parallel connection of different power supplies exist, it 
is however recommended to check thoroughly that only one supply voltage is present.  
 
The following supply options exist: 
 

o 2mm Lab-connectors: these allow for a wider input voltage range of 3.4 – 15 V DC 
o USB-connector: this is for power supply only ! 5 V DC is taken from the USB port 

4.1.1. Direct Supply mode 
 

For measurement purposes it may be helpful to directly supply the module only. This is 
mainly required for tests over a supply voltage range without a regulator. To enable Direct-
supply mode please set the “Module Supply” jumper in the “Ext.” position (please see Fig. 2). 
The module is now directly connected to the 2mm Lab-connector input. Please note that for 
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voltages below 3.4 Volt DC the output of the regulator is not sufficient to power the rest of the 
on-board circuitry.   

 
Fig. 2 Module supply jumper 

CAUTION: as the module is directly connected to the supply input, no protections against 
overvoltages exist. Please take care that you do not exceed the maximum voltage allowed for 
the PAN8550. 
 
In addition, the Module Supply jumper can be used to measure the current into the PAN8550 
module by fitting an amperemeter between the two pins of the “Reg”-Position of the jumper. 
 
4.2. ANALOG/DIGITAL (AD) SECTION 

 
As one of the applications in the Z-Wave network could be a wireless sensor, the 
Evaluation board allows for a variety of analog input options. The PAN8550 itself features 
two multiplexed inputs for the integrated 12-bit AD converter. 
 
Both inputs can be set to a DC voltage between 0V and +3V with the potentiometers 
“Analog 1” and “Analog 2”. Additionally it is possible to switch between “Analog 1” and an 
external input (2mm Lab-connector) on the corresponding analog input of the module. 
This is achieved by setting the “AD In Sel.” Jumper in the “ext” position whereas the “Poti” 
position selects the “Analog 1”  potentiometer (see Fig. 3). 
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Fig. 3 AD Input select jumper 

 
The external AD input accepts voltages between 0V and +3V. Please note that voltages 
exceeding these specifications may lead to permanent damage of the RF module. 
 
As the AD-inputs share the corresponding pins on the PAN8550 with the Triac control 
part, the “AD/Triac” Jumper has to be set according to the desired type of operation (see 
Fig. 4). Parallel operation of the On-Module hardware Triac and the AD converter is not 
possible. 
 

 
Fig. 4 AD/Triac select jumper 

4.3. RS232 SECTION 
 
The serial port of the RF-module is directly connected to a MAX232-type level converter. This 
allows for the direct connection of the module’s serial port to a PC. Uploading E²PROM 
images, but also Message transfer, Sniffer applications and Wireless cable replacement 
applications can thus easily be done by using a standard PC. 
 
The serial port does not require any hardware configurations, data rate and parameters are 
set in the Z-Wave software flashed into the RF-module. 
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4.4. TRIAC SECTION 
 

To help the development of dimmer applications without the necessity to deal with high 
voltages the Evaluation board contains a low-voltage Triac with a set of high-intensity LEDs 
that can be controlled with the PAN8550. The PAN8550 has a hardware Triac driver on-
module that allows for easy implementation of dimming applications. 
 
As the Triac module shares its pins with the AD module, it is required to set the “AD/Triac” 
Jumpers (see Fig. 4) to the “Triac” position. Please note that both jumpers have to be set. 
 
The Triac requires an AC voltage for operation, this voltage is derived from the system 
voltage available at the input of the 3V regulator in the Power Supply section. Please note 
that for proper operation of the Triac circuit, a voltage of at least 9V DC has to be applied to 
the Supply Voltage input. 
 
For an example on how to program a dimmer application on the PAN8550 module please 
see the Software section on the Evalkit CD. 
 
4.5. MODULE AND E²PROM SECTION 

 

The PAN8550 is directly soldered to the Evaluation board PCB. Due to the integral antenna 
on the module no further connections have to be made to get an operational Z-Wave system. 
However, the option for connection of an external antenna or a 50 W measurement device 
can be implemented. Please see Section 4.6 for details. 
 
For some applications the Z-Wave network stack requires an external E²PROM to store the 
network specific data. This E²PROM is not mounted on the module for price and cost 
reasons, however the Evaluation Kit provides such an E²PROM which is directly connected 
to the PAN8550 module. 
 
4.6. RF SECTION 

 

The RF sections offers the possibility to connect the RF input/output of the PAN8550 to an 
external 50 W measurement device or an external antenna. 
 
As the Evaluation Kit is supplied with a PAN8550 module with internal antenna, a change to 
the module has to be made to activate the 50 W output and disable the internal antenna. For 
this change, a 0402 capacitor with 39 pF and a narrow-tipped pincer is needed. The 
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capacitor has to be exchanged in its position, please refer to Fig. 5 for details. Furthermore 
the UFL connector delivered with the Evaluation Kit has to be mounted as depicted in Fig. 5. 
 
Please note that you can also order the Evaluation Kit with mounted modules that already 
have the UFL option selected. 
 
The RF section itself is an adaptor between UFL and the more common SMA connector 
types. You can plug the UFL cable on the module as well as on the Evaluation PCB and can 
then use the SMA connector to directly connect i.e. a Spectrum analyser. 

  

Fig. 5 Capacitor: Antenna selected (left) and UFL s elected (right) 

 
4.7. BUS CONNECTOR 

 

The Bus connector offers a direct connection to all module pins including power supply. It is 
therefore possible to connect an external hardware application directly to the module pins 
and test the module in its final application environment (please see Fig. 6 for pinout). 

 
As the +3V DC power supply is also available on one pin you can also power your own 
application from this voltage. Please note that for this purpose the external current 
consumption may not exceed abt. 800 mA. 
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Fig. 6 Bus Connector pinout 

 
 
4.8. PROGRAMMING CONNECTOR 

 

The programming connector is fully compatible to the Equinox Epsilon 5 interface. For 
existing users of the Zen-Sys Development Kit this means that you can use your programmer 
from the Development Kit without any modifications. The Equinox programmer is powered by 
the +3V DC power supply of the Evaluation kit, no external supply is needed. 
 
For other programming adaptors please refer to Fig. 7 for the pinout of the programming 
connector. 

 
Fig. 7 Programming Connector Pinout 

 
When using the Equinox Programming Suite please note that the correct signature ID for the 
ZW0201-chip used in the PAN8550 is 0x7F7F7F7F1F0005. 
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5. SOFTWARE 
 

The PAN8550 is fully compliant to the Z-Wave software stack and thus all Z-Wave software 
can be used on the PAN8550 and on this Evaluation Kit. 
 
For a wide range of application samples in binary and source code please refer to the Zen-
Sys Development kit for details. This Development kit is required if you want to program your 
own applications. Additionally, you need a regular 8051-C-Compiler. As the Z-Wave source 
code and sample projects are based on the Keil C51-Compiler, this is recommended for 
programming. This compiler is also available from Zensys. 
 
On the CD distributed with this Evaluation Kit you find a few sample binaries as well as the 
source codes for the sample applications in the following paragraphs. 
 
The standard demo software flashed into the modules is the Wireless UART Demo outlined 
in Paragraph 5.3. 
 
 
5.1. DEMO SOFTWARE - DIMMER 
 
This  Demo Software flashed onto the two Evaluation Boards is a Remote Control on one 
side and an AC Dimmer on the other side. 
 
The Dimmer-PCB is designated with a red dot on either the module or the PCB, the Remote-
Control-PCB is not designated in a special manner. 
 
In this application, the Keys on the units have the meaning as designated in Table 1.  
 

5.1.1. Inclusion in the network 
 
In a Z-Wave networks there are two steps required to use a device. First the device has to be 
included in the network. This is a process requiring a request from the device to be included 
and a confirmation of the network controller to allow this device into the network.  
 
In this demo application this is implemented by keeping Key 0 pressed on the Remote 
Control and then press Key 0 on the Dimmer. Now release both keys. 
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Now the Dimmer is a part of the Remote-Control’s Z-Wave network, the controller just 
doesn’t know when to address it, which is why the following step is required. 
 

5.1.2. Association 
 
To connect the Dimmer to a function on the Remote Control an Association is needed. This is 
usually accomplished by pressing the corresponding Remote Control and Dimmer buttons, 
respectively.  
 
In case of this demo please press and hold Key 1 on the Remote Control and press Key 0 on 
the Dimmer once again. Now release both buttons. 
 

5.1.3. Dimmer Functionality 
 
Now the Dimmer should be accessible via the Remote Control. A short Press of Key 1 on the 
Remote should toggle the dimmer to On or Off. Here the recent setting of the Dimmer is 
remembered. 
 
For dimming press Key 1 on the Remote and keep it pressed until the desired light level is 
reached. For reversing the dimming direction shortly release Key 1 before resuming the 
dimming operation. 
 
The same functionality is assigned to Key 1 on the Dimmer. In case of using this Key, no Z-
Wave network messages are sent.  
 
 
 

Table 1 : Key Assignment for Dimmer Demo Applicatio n 

 Remote Control Dimmer 
Key 0 Include Node to Network Request 

Inclusion/Association 

Key 1 Associate Node with Group 
/ Switch & Dim Group 

Switch/Dim 

Key0 & Key1 Exclude Node from 
Network 

- 
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5.2. DEMO SOFTWARE – WIRELESS CABLE REPLACEMENT 
 
This is a simple application using the basic Z-Wave report packets to transmit single 
characters over a Z-Wave network and output the received characters on the local UART of 
the Z-Wave module. Likewise, any input character on the UART will be put on the air. On the 
PC side the serial port has to be set to 115200 baud and 8N1 without any protocol. 
 
The network is basically a tree-like network, with the Controller being the communcations 
master that will send to all nodes and receive data from all nodes. The nodes will receive 
data only from the Controller, so they will not display data from other nodes, even if they can 
receive it. It should be noted that this functionality can be added to the existing source-code 
with little effort. 
 
The hardware keys (or the corresponding GPIOs) act as switches that call functions to add 
and remove nodes and to reset the device for a network rebuild.  

Table 2 : Key Assignment for Wireless Cable Replace ment Demo 

  Function Description 
Key 0 Add Node & Set Master Start “Adding node” and 

implicitly sets the Controller 
of the network 

Key 1 Inclusion Request Ask to be included to the 
controller 

Key0 & Key1 Exclude Node from 
Network 

Remove node from 
network 

Reset with Key0 & Key1  Reset controller and 
network 

Resets the node, clears 
network table 

Reset with Key0 Standby Mode Enters low power state (for 
testing purposes only) 

Reset with Key1 Constant Carrier TX Mode Emits an unmodulated 
constant carrier (for testing 

purposes only) 
 

5.2.1. Setting the Controller and adding nodes 
 
As indicated in Table 2 the adding of nodes and the setting of the Controller in the network is 
done with the hardware keys on the evaluation board. Likewise, a high-level on the 
corresponding GPIO serves the same purpose. 
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The basic inclusion process of a node into the network consists of two sequential actions: 
first the “Add node” command has to be issued to the Controller, then the “Inclusion request” 
has to be sent by the node to be added.  
 
The software on all of the Wireless UART nodes is similar, so any node can act as a 
Controller of the network. However, once the controller is defined, no other controller can 
reside in parallel. Only a network reset followed by a network rebuild can solve this issue. 
 
So after having reset all nodes (see 5.2.2) press Key 0 on the Controller board and Key 1 on 
the node-board to be included into the network. The messages given via UART should 
indicate whether the operation has been successful. Please note that for security reasons the 
inclusion process is performed with low output power, so keep the nodes to be included in 
close range to each other. 
 
To add further nodes to an existing network just repeat the procedure with the Controller and 
the new nodes. 
After performing a hardware reset the node address and also the number of known nodes is 
transmitted on the UART. The network data is stored in non-volatile memory and will 
therefore be retained through power outage or hardware reset. 

5.2.2. Resetting nodes 
 
The only way to reset a node and prepare it for setting up a new network is to perform a 
software reset. This is accomplished by keeping Key 0 and Key 1 pressed and pressing the 
Reset-button afterwards. After a message is displayed over UART you can release either of 
the buttons first before releasing the other. This results in the node to be reset and a Home 
ID of 5 or 6 being set, depending on the released key after the reset. 
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5.3. DEMO SOFTWARE – WIRELESS CABLE REPLACEMENT / AT-COMMANDS 

 

A variant of the wireless UART demo described in Section 5.2 is also available. This demo 
does not rely on a configuration by hardware keys or signals on the GPIOs but rather on a 
set of AT commands to configure and setup the network. A summary of these commands can 
be found in Table 3. 

Table 3 : AT Command Set for WUART Demo 

Command Functional Description 

AT+M Setting Controller (Master) of network, 
allowing for other nodes to be added to 

the network 
AT+S Setting Slave node and ask to be 

included into the network – has to be 
executed after AT+M on the Controller. 

AT+R Removes node from Controller and 
network. Is executed on the Controller 

and has to be followed by AT+S (or key 
press) on slave device 

AT+X <yyy> Reset node, clear network table and 
assign Home-ID <yyy> to the node. If 

this node is to become Controller, <yyy> 
will be the later ID of the network 

AT+A <b> Assign autostart feature if <b>=1, so that 
the node will start in transparent mode. 
ATTENTION: after this command the 

only access to configuration is presently 
via the Hardware buttons (see Table 2) 

AT+B <a> a=1 activates ACK-Handling, a=0 
deactivates again. Default: ON 

AT+ON <yyy> Sends BASIC-Command Class “Switch 
ON” command to node <yyy> (for testing 

dimmers and switches) 

AT+OFF <yyy> Sends BASIC-Command Class “Switch 
OFF” command to node <yyy> (for 

testing dimmers and switches) 
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AT+L <yyy>,<nnn> Starts Linktest with node <yyy> for 

<nnn> frames and calculates PER. If 
<nnn> is empty, 1000 frames are sent. 

Please note that during testing a ‘.’ 
appears every 50 frames on the sender. 

AT+R Removes node from network. Has to be 
executed on the master, with the slave 

responding with an info-frame, either via 
key-press or via “AT+S” on this firmware. 

AT+D <yyy>[?]/[,<bb>] Controls Multilevel switches (Dimmers) 
by sending dimming value <bb> (00..99) 

to node <yyy> or by querying the 
dimming status of node <yyy> 

AT+P[?]/[ <b>]/[ <yyy>?]/[ <yyy>,<b>] Configures I/O-Port 1.7 for Input or 
Output – see 5.3.4 for Detail 

AT+I <b> sets node to Idle mode (with <b>=0 or 
AT+I) or to RX mode with <b>=1 

ATI Give node information and known nodes 
ATD Switch to transparent (WUART) mode – 

has to be executed on both sides. Exit 
from this mode is either via Reset or 

after entering “+++” with a half-second 
delay between each character. 

ATB <yyy> Uses AD-Converter to monitor for 
example battery status etc. See 5.3.2 for 

details. 
ATS <yyy>[?]/[,<b>] either query (?) remote switch status or 

set remote switch on node <yyy> to state 
<b>. See 5.3.3 for details.  

 
The WUART functionality of this demo is very much like the one of the key-based WUART, 
so please refer to Section 5.2 for detailed information on how to set up a network and use 
this demo. Please also note the the startup-commands (“Reset with …”) via button as 
indicated in Table 2 can still be used in addition to the AT commands, the valid function table 
for the AT command mode  is given in Table 4. 
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Table 4 : Key assignment for AT Command mode 

  Function Description 

Key 0 Sends Switch Status 
(similar to ATS, but 
hardware induced) 

Can be used as a manual 
feedback from the node. 

Please note  that for this to 
work the IO-Port has to be 
configured as input using 

the AT+P 0 command (also 
see 5.3.4 for details) 

Key 1 Used as toggle switch for 
LED1 or as a generic 

binary input 

Accessible via the AT 
commands given in Table 
3 - see 5.3.3 and 5.3.4 for 

details 
Key0 & Key1 N/A N/A 

Reset with Key0 & Key1  Reset controller and 
network 

Resets the node, clears 
network table 

Reset with Key0 Standby Mode Enters low power state (for 
testing purposes only) 

Reset with Key1 Constant Carrier TX Mode Emits an unmodulated 
constant carrier (for testing 

purposes only) 
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5.3.1. Setting up the network 
 
The procedure to setup a network is a mutual two-side action. By issuing the AT+M 
command on the controller side, you allow for the addition of another device to the Z-Wave 
network. This has to be followed by an AT+S command on the to-be-included slave side. 
 
After the inclusion to the network has succeeded, a notification message is issued on both 
the slave and the controller side. 
 
A similar procedure applies for excluding devices from the network. In this case AT+R takes 
the place of the AT+M command on the controller side, while the slave side still replies with 
an AT+S. 
 

5.3.2. AD-Converter operation / Battery monitoring 
 
By using the ATB <yyy> command the AD port P0.0 on the PAN8550 (Pin15) is read on 
remote node <yyy> and the result is reported back to the originator of the request. For details 
on how to setup the PAN8550 Evalboard to allow AD-readings please see Section 4.2. 
Please also note that you can use JP3 to switch between readings from the “Analog 1” 
potentiometer and the external AD input. 
The analog data is sampled at the moment the request arrives at the destination node and is 
returned as an 8 Bit value. The reference voltage for this is the supply voltage of the module, 
which in case of the default setting on the Evalboard is 3.0V. 
 
Please note that the corresponding Z-Wave commands are sent as commands from the 
Battery-Command class, so all devices supporting this command class are compatible with 
this command. 

5.3.3. LED/Switch Control 
 
By issueing the ATS command it is possible to get access to one of the hardware GPIO pins 
of the PAN8550. In the current implementation of the software it is Port 1.7 (Pin 3 on the 
PAN8550). 
 
Per default, this pin is connected via JP2 to LED1. Furthermore, in combination with KEY 1 a 
toggle switch is realized that allows for setting/resetting the switch manually. LED1 monitors 
the current state of this switch. 
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Aside from that the toggle switch functionality can be disabled using the AT+P command by 
setting the IO-Port as an input. In this case KEY0 (or any generic 3V-TTL-Input) on this port 
is monitored. 
 
This means that by using the ATS command you can accomplish the following 

o switch LED1 on node <yyy> by using ATS <yyy>,1/0 
o query the status of LED1 
o query the status of IO-Port 1.7 (in conjunction with AT+P – see 5.3.4) 
o query the status of Key0 (in conjunction with AT+P – see 5.3.4) 

 
 

5.3.4. I/O Config Command 
 
The AT+P command allows for setting the configuration of GPIO 1.7 (Pin 3 on the PAN8550). 
This can be done locally as well as remotely. Please see the following list for the syntax 
options of the ATP command: 

o AT+P?  Queries the I/O status of the port on the local module 
o AT+P <yyy>? Queries the I/O status of the port on the remote module at <yyy> 
o AT+P <b> Sets the I/O status on the local port, b=0 sets as Input, b=1 as Output 
o AT+P <yyy>,<b> similar, but on remote module at <yyy> 

 
In combination with the command options outlined in 5.3.3 this allows for a very variable 
usage of the GPIO 1.7 for your own applications. Please also note that you could access the 
module Pin 3 on JP2 to connect to your own application. 
 
 
5.4. MODULE PROGRAMMING 

 

For flashing software onto the Z-Wave module an Equinox Epsilon 5 Programmer [5] is 
recommended. This programmer is not part of this development kit, but can be obtained as 
part of the Software development kit, available separately from Zensys. 
 
Please note that for Z-Wave Controller based applications the EEPROM has to be 
programmed accordingly before flashing the application itself into the module. 
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5.4.1. EEPROM Programming 
 
For programming the on-board EEPROM please flash the EEPROM-loader included in the 
Binaries Section on your Evaluation-Kit-CD into the module.  Please do not forget to reset 
your Evaluation Kit to enable the EEPROM programming software. 
 
Now connect a serial cable to the PCB, connect it to a RS232 port on the computer. 
 
Open up a commandline window, go to the corresponding project directory in the Binaries 
Section and enter “doload COMx”, where “x” designated the COM-Port you connected the 
cable to. 
 
Now the EEPROM should be flashed. Please reset the Evaluation Kit afterwards and you can 
proceed to flashing your application software onto the module. 
 

5.4.2. Application Software Flashing 
 
For details on flashing application software into the module please refer to the Software 
Development Kit for Z-wave available at Zen-Sys [4]. 
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6. SCHEMATIC 
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7.  DOCUMENTS 

 
[1] PAN8550 datasheet (DS-8550-870-D.pdf) 

[2] Zen-Sys ZW-0201 Transceiver datasheet 

[3] http://www.z-wavealliance.com 

[4] http://www.zen-sys.com 

[5] http://www.equinox-tech.com 

 

       

 

 

 

 
8. STATUS 

 

This datasheet is preliminary. 

 
 
 
 
 
  
9. REVISION HISTORY 

 
 

Revision 
Version 

Date 
Datum 

Modification / Remarks 
Änderungen / Bemerkungen 

A 22.08.2005 Initial version 

B 08.03.2006 Added Demo-Software Description 

C 10.04.2006 Added Description for Wireless Cable R eplacement Demo 

D 23.05.2006 Added Description for Wireless Cable R eplacement AT-Command Demo 

E 11.07.2006 Added Enhancements to Wireless Cable R eplacement AT Demo 

F 18.09.2006 Updated descriptions for Version 1.3 E valboard (integrated AC source) 

G 10.01.2007 Added sending of Infoframe on Key 0 (i n combination with AT+P x) – V3.03 

H 14.08.2007 Added more details on network setup an d reply messages 

   

http://www.z-wavealliance.com/
http://www.zen-sys.com/
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10. GENERAL INFORMATION 

Allgemeine Informationen 

© Panasonic Electronic Devices GmbH 2005. 
All rights reserved. 
This product description does not lodge the claim to be complete and free of mistakes. 
Please contact the related product manager in every case. 
 
If we deliver samples to the customer, these samples have the status Engineering Samples. 
This means, the design of this product is not yet concluded. Engineering Samples may be 
partially or fully functional, and there may be differences to be published Data Sheet. 
Engineering Samples are not qualified and are not to be used for reliability testing or series 
production. 
 
Waiver:  
Customer acknowledges that samples may deviate from the Data Sheet and may bear defects 
due to their status of development and the lack of qualification mentioned above. 
Panasonic rejects any liability or product warranty for Engineering Samples. In particular, 
Panasonic waives liability for damages caused by 
·  the use of the Engineering Sample other than for Evaluation Purposes, particularly the 

installation or integration in an other product to be sold by Customer, 
·  deviation or lapse in function of Engineering Sample, 
·  improper use of Engineering Samples. 
Panasonic waives any liability for consequential and incidental damages. 
In case of any questions, please contact your local sales partner or the related product 
manager. 
 

11.      LIFE SUPPORT POLICY 
Politik für Lebenserhaltungssysteme 

This Panasonic product is not designed for use in life support appliances, devices, or systems 
where malfunction can reasonably be expected to result in a significant personal injury to the 
user, or as a critical component in any life support device or system whose failure to perform 
can be reasonably expected to cause the failure of the life support device or system, or to affect 
its safety or effectiveness. Panasonic customers using or selling these products for use in such 
applications do so at their own risk and agree to fully indemnify Panasonic for any damages 
resulting 
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