ZETAPLUS

Miniature Smart RF Transceiver

Features

« Intelligent Wire replacement SMARTRADIO
o form factor: 16mm x 18mm

o 2Kmrange

o Transmit Power +13dBm

o High sensitivity -116dBm (@ 2.4kbps)

» Max data rate @ 500Kbps

o Simple UART and SPI interface

o Full CRC Error Checking Option

o User Selectable Data Payload

o Bestin Class cost performance

» Available as 433/868/915MHz

o 1.8V - 3.6V Operating Voltage

» Low power consumption Applications

- 0.5nA Standby « Home automation

- 10mA Rx e Sensor / mesh RF networks
-18mA Tx @ 10dBm « Telemetry

« 64 byte Buffer (FIFO) . Keyless entry

» Integrated battery voltage sensor « Health monitors
» Based on Silicon Labs’ Si4455 chipset « RF Data comms
« No configuration necessary

« No external components

Applications
ZETAPLUS makes a radio data link easy. It has a simple interface using either SPI or UART (LV
RS232) and provides a plug 'n’ play RF comms to any application.

With connection to power, comms and antenna, the user can start sending and receiving data imme-
diately. No other external components are required.

With a highly tuned on-board RF matching network ZETAPLUS outperforms other modules achiev-
ing range far in excess of its competitors for the given power output/power consumption.
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ZETAPLUS Smart RF Transceiver

Pin Description
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Pl | Name Definition | Data Flow Function
N
Antenna pin connection.
1 ANT Antenna Pin In/Out Keep short and match to 50ohms impedance for best perfor-
mance
2 GND Ground In Supply Ground connection
When asserted (active High) ZETAPLUS enters Shutdown.
3 SDN Shutdown n Shutdown state is the lowest current consumption of the device.
Note: All register contents are lost and there is no host interface

comunication

4 Vcec V Supply In Supply Voltage Connection
Active Low
> niRA Interrupt Output Data packet received in SPI RX mode only
UART_T , .

6 N UART Transmit Out UART (LV RS232) Data appears on this output
7 GPIO1 Gen Pu(;pose 4 In/ Out This is not yet implemented
8 UAF;T*R UART Receive In RS232 Receive Pin
9 SCLK Serial clock In SPI Clock In
10 SDI Serial data In In SPI Data In
1 SDO Serial data Out Out SPI Data Out
12 nSEL Ser|asle||netcetrface In SPI Device Select (Active Low)
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ZETAPLUS Smart RF Transceiver

Ordering information

Part Number Description
ZETAPLUS-433-50 FM transceiver module, 433MHz (marked Red Dot) SMT
ZETAPLUS-433-D FM transceiver module, 433MHz (marked Red Dot) DIP
ZETAPLUS-868-50 FM transceiver module, 868MHz (marked Blue Dot) SMT
ZETAPLUS-868-D FM transceiver module, 868MHz (marked Blue Dot) DIP
ZETAPLUS-915-S0 FM transceiver module 915MHz (marked Yellow Dot) SMT
ZETAPLUS-915-D FM transceiver module 915MHz (marked Yellow Dot) DIP
Block Diagram
Vcc —
Control
XTAL SDI
GND — LNA |- SDO
I SPI SCLK
nIRQ
RF PA |
ANT Matching UART UART_RX
UART_TX
Using ZETAPLUS

Using ZETAPLUS is easy, communication can be via SPlinterface or UART (LVTTL).
The module will automatically communicate to it host in the same waty that it was addressed, i.e. if ZETAPLUS receives communi-
cations on its SPI interface, then it will reply on the SPI. If comms was last received on the UART interface then it will replay on the

UART interface.

Using SPI, to Transmit data simply load the correct decimal byte values into the SPI TX register.
When ZETAPLUS receives RF data from another ZETAPLUS module it will output this using SPI, the nIRQ line will be pulled low,
this shows that data will be ready to be read from the SPI register to the host

Using UART (LVTTL) to Transmit load the correct decimal byte values into the UART TX register,
When ZETAPLUS receives RF data from another ZETAPLUS module it will output the data via the UART-TX output pin of the

module to the host .
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ZETAPLUS Smart RF Transceiver ’\\’q

Application schematic- ZETAPLUS and PIC16F886 (SPI mode)
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NIRQ
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PLEASE NOTE: Pins 3, 5 and 12 can be connected to any E— —
1/0. Shown to port A of a PIC microprocessor as an example
13 16 SDO
SCLK 14 15 SDI
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ZETAPLUS Smart RF Transceiver

Application schematic- ZETAPLUS and PIC16F886 (UART)

RAO

12 nSEL ) .

11 SDO

10 SDI

9 SCLK

8 UART_RX
7 GPIO1 6 23
O
7 % 2
LL
8 © 21
~
9 Q_) 20 ‘
0_ | VDD
10 19
1 18 UART_RX
PLEASE NOTE: Pins 3 can be connected to any
1/0. Shown to port A of a PIC microprocessor as an example
12 17 UART_TX

13 16

14 15

UART configuration

UART configuration:
Baud rate: 19200, Data bits: 8, Parity: none, Stop bits: 1

Note all UART 1/0 are at Low level and must not exceed 5V.

UART in

Data is sent to the RX pin on the ZETAPLUS n standard UART format using the correct command set. A
50ms timeout exists to avoid lock-up if not all requested data bytes are sent - in this scenario the pack-
et would be aborted and no data sent.

UART out
Data is output from the TX pin on the ZETAPLUS.

When in receive mode and an RF packet is received the data packet is automatically send over the
UART.

4 O
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ZETAPLUS Smart RF Transceiver

SPIl and UART Commands

Operating Mode (ATM)

Value Name Description
1 RX ZETAPLUS enters RX mode using last RX configured settings
5 Ready Ready_is a low power awake state which can be used for fast entry to RX or
switching between TX and RX. Time to RX or TX from READY <1ms
3 Sleep Low power sleep mode with register retention.

Example: Place the ZETAPLUS into receive mode
Note: alternative possible example of mode select for some terminal programs: ATM#001.

Command A T M 1
Decimal byte value 65 84 7 1

Receive Mode Config (ATR) Channel Setting, Packet Length

Value Name Description

Set in 250KHz increments starting at (FREQ dependent):
At 433MHz: 0=433.92

015 Channel At 868MHz: 0-869.50
At 915MHz: 0=915
1-65 Packet Length Length of data packet to be sent in 8 bit bytes

Example: Enter receiver mode on channel 2 with a packet length of 10 bytes.

Command A T R 2 10
Decimal byte value 65 84 82 2 10
Note

When a valid packet is received in SPI mode the U_IRQ pin will go low indicating data is ready to be read over SPI.
When a valid packet is received in UART mode the data is immediately sent via the U_LVTTL TX pin.

Transmit Mode Config: (ATS) CHANNEL, PACKET LENGTH, DATA

Value Name Description

Set in 250KHz increments starting at (FREQ dependent):
At 433MHz: 0=433.92

0-15 Channel At 868MHz: 0=869.50
At 915MHz: 0=915
1-64 Packet length This defines the data payload. In 8 bit bytes.
Data Your data to be transmitted. ZETAPLUS will then return to the state is was

in prior to ATS command.

Example: send a 13 byte packet on channel 2

Command A T S 2 13 DATA
Decimal byte value 65 84 83 2 13 Your 13 bytes
= O
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ZETAPLUS Smart RF Transceiver

Sync bytes (ATA) SYNC1, SYNC2, SYNC3, SYNC4

Value Name Description

The sync bytes appear directly after the pre-amble in the transmitted RF
data. They can be used as a form of addressing to discriminate between val-
1-4 SYNC1-4 id and spurious data. Set these bytes and the ZETAPLUS will only pass on
data which contains the correct sync bytes. Set all to AA if not required.
NOTE: Reverse order bytes: ie 2D = D4, D4 =2B

Example: Set the sync bytes to 12 34 56 78

Command A T A 12 34 56 78
Decimal byte value 65 84 65 12 34 56 78

Host Interface Baud Rate (ATH)

Command Name Description
This controls the data rate between ZETAPLUS and the host microcontrol-
ler
0 =9.6 kbps
1-6 Host Baud rate 1=19.2 kbps (default)
2 =28.8 kbps
3 =38.4 kbps
4 =57.6 kbps
Example: Set the Host baud rate to 57Keé:
Command A T H
Decimal byte value 65 84 110
RF Baud Rate (ATB)
Value Name Description

Sets the data rate of the RF signal between ZETAPLUS Modules, it is recommended
that this is set to at least double the Host Baud Rate.

1=4.8 kbps

2 =9.6 kbps

3 =384 kbps

4 =128.0 kbps

5 =256.0 kbps

6 = 500.0 kbps

1-6 RF Baud rate

Example: Set the RF baud rate to 500kbps GFSK:

Command A T B 6
Decimal byte value 65 84 66 6

Notes:

1. SDN must be toggled high/low for setting to take affect. Allow 15ms to complete.
2. Using a higher RF Baud rate increases the data Bit Error rate (BER) at longer range

4 O
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ZETAPLUS Smart RF Transceiver

RF Output Power (ATP)
Value Name Description
1-127 RF TX output Power output in increments from 1-127

Example: Set the power outputs to 32:

Command A T P 15
ASCII 65 84 80 32
NOTE

Although the RF Output power can be set at a specific value the actual output power is not a linear function, The output
power can vary depending on other factors such as supply voltage, impedance miss-match from module to antenna.
The adjustment resolution of the TX output power is very fine (step size < 0.1 dB) when operating near the maximum
power setting, but becomes coarser as the output power level is reduced.

Enable Data Error Checking (ATE)

Value Name Description

Enables CRC Error Chcking of Received data and only passes valid data
to the host.

0 =Disable Error Checking (Power on Default Value)

1=Enable Error Checking

0 -1 CRC Error Check

Example: Enable RF Error Checking

Command A T E 1
Decimal byte value 65 84 69 1
RSSI (ATQ)
Value Name Description

ZETAPLUS responds with the Received Signal Strength Value.

0—255 RF Signal Strength Example reply: 35 8156

#Q followed by one byte RSSI value (0-255)

Example: Retrieve settings

Command A T Q
Decimal byte value 65 84 81

4 O
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ZETAPLUS Smart RF Transceiver

Retrieve Currant Configuration and Settings (AT?)

Value Name Description

ZETAPLUS Reports its current device settings
Example reply:

#? FOLLOWED BY 8 BYTE AS BELOW
OPERATING MODE (MODE:- 1= RX 2=READY)
RF BAUD RATE (1-19)

N/A Configuration and settings RF POWER OP (1-127)

SYNCBYTE 1

SYNCBYTE 2

SYNCBYTE 3

SYNCBYTE 4

CHANNEL NUMBER (0-15)

EXAMPLE 35631112745210000

Example: Retrieve settings
Command A T ?

Decimal byte value 65 84 63

Firmware Version (ATV)

Command Name Description

Use this command to determine the firmware version of the
ZETAPLUS-PLUS module .

N/A Firmware Version
Examplereply: # V1.00
EXAMPLE 35 86 3146 30 30

Example: Check firmware version
Command A T %
Decimal byte value 65 84 86

Reset to Power On Defaults (ATD)

Command Name Description
N/A Firmware Version Resets the configuration of ZETAPLUS Power On Status
Example:
Command A T D
Decimal byte value 65 84 68

4 O
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ZETAPLUS Smart RF Transceiver

Ping-Pong (Walk test)

Using two ZETAPLUS module a test signal can be sent to ‘Ping’ ‘Pong’ between the two providing a site check of signal
strength for a specific application.

In this mode one ZETAPLUS transmits a special ‘Ping’ signal, which is received by another ZETAPLUS module which
outptuts the message #RZYXWVUTSRQ (#R followed by the last 10 letters of the alphabet in reverse) to its host, and
then automatically replys back the 'Pong’ message.

The originating ZETAPLUS module receives back the ‘Pong’ and outputs #T followed by the received Signal Strength
Indication (RSSI) value.

If no ‘Pong’ reply packet is received back from the receiver within 200ms the RSS! value will be 0.

TRANSMITTER

The example below sets the ZETAPLUS to transmit a ping signal.
The transmitter will output every 200ms the RSSI value of of a valid packet through its UART RX pin.

ATT#000

Channel number (byte value)

The below screen shots shows a terminal window and the received data on the RX pin. The image shows the data
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ZETAPLUS Smart RF Transceiver

RECEIVER

To configure the ZETAPLUS into receiver mode for the ping-pong walk test, the following string needs to be input
on the TX pin.

ATR#000#010

Channel number (byte value) 10 byte payload (this is the only byte value

that will force the ZETAPLUS into ping-pong)

The image below shows a terminal window with a successful packet received, here you can see the HEX values for
#RZYXWVUTSRQ (This being RSSI followed by the TEN BYTES and the #R showing receiver).

B IETTINGIV 190 - CU111£301 - DY Bray*T —
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Transmit
CLEAR SendFie | [§ & I CR=CRsLF BREAK =0Tk [IRTS
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| | | | | | 1 | 1 1 |
|ATRH000H010 [~ +CR - Send
ATR Py
ATR
v
Connected Rc 122 [T 19 Fx OK
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ZETAPLUS Smart RF Transceiver

Communication with the ZETAPLUS via SPI interface.

Maximum SPI data rate: 1.4Mhz

Data is sent over the SPI bus on the ZETAPLUS codec in standard SPI format using the correct command set. A
50ms timeout exists to avoid lock-up if not all requested data bytes are sent - in this scenario the packet would be
aborted and no data sent.

When in receive mode and an RF packet is received the U_IRQ pin will go low indicating SPI data is ready to be read.

The following two pages show example timing diagrams for the SPI bus communication.

Selecting preferred communication method.

Only one communication method can be used at a time. Swithing fom SPI to UART and vice versa is possi-
ble however please note that ZETAPLUS will respond using the comms that it was last addressed in.

For example if you enable receive mode via SPI ZETAPLUS will revert to SPI communication from there on
unless you access the device via UART ZETAPLUS will then revert to UART communication from then on.

MS0-X 201248, MY51360370: Thu Jul 30 18:54:22 2015
1 2 3.9680s Z2.000s; ! Stop )y 1.00%

Agilent
Acquisition

MNormal
1.00G

Channels

'DC 10.0:1]
oC 1.00:1

Measurements

Pk-Pk[1]:

Mo signal
Max[1):

Mo signal
+Widt h[ 1 ]:
) Mo signal
Width(1]):

Digital Channel Menu D, $__ % _%3D,)(1.00

— U=t IL 42 Channel Thresholds Bus
v CLK ~B— ~-

Above is the first byte of SPI data following U_IRQ going low after an RF packet has been received.

Sequence:-

1 IRQ goes low indicating a packet has been received.

2. Read byte over SPI bus.

3. IfIRQremains low then more data is still available to read. Repeat line 2 above.

The first two bytes read should be #R followed by the packet length & RSSI value then the packet data.

4 O
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ZETAPLUS Smart RF Transceiver

MS0-X 20124, MYS1360370: Thu Jul 30 18:55:05 2015
1 2 3. : 1.000%¢ Trig'd? )3 1.00%

Agilent

Acquisition

= Channels i)
DC 10.0:1
DC (M

Measurements

| Pk-Pk([1]:

Mo signal
Max[1]:
7 Mo signal
+Wifidth(1):
Mo signal
Width(1]):

Channel Menu D, —_— _D,|[1.25
T IL 4> Channel Thresholds Bus
v CLK - ~

Above is the complete SPI & IRQ Timing diagram for #R<RSSI> <Packet > plus 12 byte data packet

4 O
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ZETAPLUS Smart RF Transceiver N

Mechanical dimensions

Surface Mount Package

@ %ﬁg ] * 3.00 PCB pad Layout
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ZETAPLUS Smart RF Transceiver

Electrical Charaacteristics

Recommended operating conditions

Parameter Symbol Test condition Min Typ. Max Unit
Ambient Temperature Ts -40 25 85 °C
Supply Voltage Voo 1.8 3.6 V
I/0 Drive Voltage Veeio 1.8 3.6 %
DC characteristics
Parameter Symbol Test condition Min | Typ. |Max]| Unit
Supply voltage range Ve 18 | 33 361 V
lresey Ready to receive instruction from host — 6 — | mA
Power saving modes , . .
lgeep Module asleep with shutdown pin active. _ < A
RX mode current lex Module is in RF Data receive mode - 10 — mA
+10 dBm output power, 868 MHz — 19 - | mA
TX mode current I
+13 dBm output power, 868 MHz — 24 — | mA
= O
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ZETAPLUS Smart RF Transceiver

AC Characteristics = &
Parameter Symbol Test condition Min | Typ Max | Unit
433.92 |1 +250
TX frequency range Frx 869.5 Khz
9150 | (xi6)| M
(G)FSK data rate DR« 4.8 — 500 | kbps
TX Output power range P, -40 _ +13 dBm
TX RF output level
variation vs. temperature | DPrerewe ~4010+85°C - 1 - dB
TX RF output level
\/ariation VS. frequency DPR\ FREQ Measured across 850‘870 MHZ — OS — dB
Transmit modulation . Gaussian filtering bandwidth time
filtering BT product - 0.5 B
POLH = +13 dBm,
A - Pos Frequencies < 1 GHz - | o4 — | dBm
Spurious emissions
Posr 1-12.75 GHz, excluding harmonics - -42 - dBm
P2y Using reference design TX matching _ —42 _ dBm
Harmonics network & filter with max O/P power.
Harmonics reduce linearly with O/P _ —42 _ dBm
P3ym power.
(BER < 0.1%)
Pex - (2.4 kbps, GFSK, BT = 0.5, - -116 — dBm
DF = £30 kHz, 114 kHz Rx BW)
(BER < 0.1%)
Prx._10 (40 kbps, GFSK, BT = 0.5, - -108 - dBm
DF = =25 kHz, 114 kHz Rx BW)
RX sensitivity (BER < 0.1%)
Pex s (128 kbps, GFSK, BT = 0.5, — -103 — dBm
DF = £70 kHz, 305 kHz Rx BW)
(BER < 0.1%, 1 kbps, 185 kHz Rx BW, B ~ B
. 00K, PN15 data) s dBm
RX-_00K
(BER < 0.1%, 40 kbps, 185 kHz Rx BW,
00K, PN15 data) 10e gBm
RX channel bandwidth BW 60 kHz
BER variation vs power Py e Up to +5 dBm Input Level - 0 01 | ppm
Level2
Blocking 200 kHz-1MHz 200K o Desired ref signal 3 dB above sensitiv- — -58 — dB
. ity, BER < 0.1%. Interferer is CW and de-
Blocking 1 MHz offset Moo sired modulated with 1.2 kbps _ O _ dB
. DF = 5.2 kHz GFSK with BT = 0.5,
Blocking 8 MHz offset 8MaLock RX BW = 58 kHz - -79 - dB
— Rejection at the image frequency _ ~ _
Image rejection Mg IF - 468 KNz 35 dB
Spurious emissions Pos_ax1 Measured at RX pins — -54 — dBm
= O

Page 16 DS-ZETAPLUS-2a www.rfsolutions.co.uk



ZETAPLUS Smart RF Transceiver

ZETAPLUS module re-flow guide

P Critical Zone
T toT,
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"""" l;""““"t;"'""“""“,;'E" T Ramp-down
Preheat :
<+«—— 25°CtoPeak > !
Time =—>
Profile feature Value (lead free)
Ramp up rate 3oC /s
Pre-heat temperature
- Temperature Min (Tsmin) 1500C
- Temperature Max (Tsmax) 2000C
- Pre-heat time 60-100s
Peak temperature (Tp) 2400C
Time at Tp 10-20sec
Ramp down rate 60C/s
Time from 25°C to peak 8 mins max.
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< O 6’%
Range Test

Two Transceiver boards were built using simple prototyping board and a host PIC microcontroller . One board was pro-
grammed as a transmitter to send a beacon signal at 1 second interval. The other board was programmed as receiver
which acknowledged the received signal back to the transmitter thus creating a ping-pong test set.

A simple piece of wire was used as antenna for both boards

Prototyping board and wire as antenna is not ideal, but many real applications are often a compromise!

Our Range Testing was conducted from Ditchling Beacon providing an open Line of Sight Test.

1. The Transmitter was placed Receiver was mounted on the back of a pick up truck and the receiver was carried by
hand ~5ft from the ground .

2 As the receiver travelled away from the transmitter Line of sight was occasionally lost when we went in the
shadow of a hill, at this time the RF signal was intermittent, A Reliable signal in Line of sight was observed to
2.4K range, thereafter we couldn't go any further as the pathway stopped.. At this range in L.O.S the signal was
100% reliable.

Test conditions

-T,=+18 °C

- V= +3.3 Vdc

- Dry, Broken Sunshine, Relative Humidity 45%
Result:

The test achieve a maximum range of 2.4km after this point the terrain dropped away and a line of sight was complete-
ly lost, it is possible that the module may have achieved a longer range.

WEEE Directive 2002/96/EC

Waste electrical & electronic equipment. This product
must be disposed of through a licensed WEEE collection
point. RF Solutions Ltd., fulfils its WEEE obligations by
membership of an approved compliance scheme.

RF Solutions Ltd. Recycling Notice
Meets the following EC Directives:

DO NOT
Discard with normal waste, please recycle.

ROHS Directive 2002/95/EC
Specifies certain limits for hazardous substances.

Disclaimer:
Whilst the information in this document is believed to be correct at the time of issue, RF Solutions Ltd does not accept any liability whatsoever for its accuracy, adequacy or completeness
No express or implied warranty or representation is given relating to the information contained in this document. RF Solutions Ltd reserves the right to make changes and improvements
to the product(s) described herein without notice. Buyers and other users should determine for themselves the suitability of any such information or products for their own particular
requirements or specification(s). RF Solutions Ltd shall not be liable for any loss or damage caused as a result of user's own determination of how to deploy or use RF Solutions Ltd's
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