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1.1 FEATURES , OVERVIEW & BENEFITS

BZ-TECH LTD RF modems can be configured in minutes to provide low-cost serial
cable replacement between all types of electronic devices.

Available in 900 MHz and 2.4 GHz models, the modems provide transmission ranges
of up to 20 miles in a low-cost wireless solution. The modems are coupled with a
DIP-switchable RS-232/422/485 interface board and regularly outperform more
expensive RF modems.

Additionally, the modems are easy to use, thereby reducing the complexity of data
system development. Available in RS-232/422/485 interface the modems can
wirelessly connect a variety of devices across many applications including remote
monitoring, building automation/security, industrial automation/SCADA, fleet
management/asset tracking and sensor data capture in embedded systems

Features/Benefits

* Indoor/urban range up to 450 meter

* Outdoor line-of-sight range up to 32 km (with high gain antenna)

* 7 frequency hopping channels, each with 65K available addresses
* Outstanding receiver sensitivity (-110 dB @9600 bps)

* Low power consumption for power-sensitive applications

* Pin, serial port and cyclic sleep modes available

* Performs retries and acknowledgments for reliable packet delivery
* Easy out-of-the-box operation — no configuration necessary

* Durable industrial grade enclosure

1.2 Specifications
e Indoor/Urban range (w/ 2.1 dB dipole antenna):
o Upto450 m @ 900 MHz
o Upto180m@ 2.4 GHz
Outdoor RF line-of-sight range (w/ 2.1 dB dipole antenna):
o Upto11km @ 900 MHz
o UptoSkm@ 2.4 GHz
e Outdoor RF line-of-sight range (w/ high gain antenna):
o Upto32km@ 900 MHz
o Upto16 km @ 2.4 GHz
e Transmit power output:
o 100 Mw (20 dBm) @ 900 MHz
o 50Mw (17 dBm) @ 2.4 GHz
e Receiver sensitivity:
o 900MHz: -110 dBm (@9,600 bps throughput data rate),
o -107 dBm (@19,200 bps)
o 2.4 GHz: -105 dBm (@9,600 bps throughput data rate),
o -102 dBm (@19,200 bps)
¢ Interface data rate (software selectable): 10 - 57600 bps (including non-standard
baud rates)
e Throughput data rate:9,600 or 19,200 bps



o RF data rate: 10,000 bps (@9,600 bps throughput data rate) or 20,000 bps
(@19,200 bps)

Power requirements
e Power supply voltage: 7 - 18V
o Receive current:
= 70 mA @ 900 MHz
* 90mMA @ 2.4 GHz
o Transmit current:
= 170 mA @ 900 MHz
» 180mA @ 2.4 GHz
e Power Down Current: <1 mA

Certification

FCC ID (U.S. Certification Part 15.247)
- OUR9XSTREAM (900 MHz),

- OUR24XSTREAM (2.4 GHz)

Antenna
Connector options:
RPSMA (Reverse Polarity SMA)



1.3. External Interface

1.1a. Power Switch

Figure 1.1. Front View Maove the Power Switch to the on {up) position to power the

O —_— Interface Board. DIP Switch [1.2a] settings are only read

during a power-up sequence.

1.1b. I/0 & Power LEDs
@ The LED indicators visualize diagnostic status information. The

modem’s status is represented as follows:

@00

| Yellow (top LED) = Serial Data Out (to host)

Green (middle) = Seral Data In {from host)

1.1a.

P 11c. DB-9
'ower

g o 11d. Power Red (bottom) = Power/TX Indicator (Red light is on when
Tl or sl

Switch Connector powered, off briefly during RF transmission)
1.1b. T/O &

Pawer LEDs = }T # T{ =~

host RF modems host

1.1c. Serial Port (DB-9 Connector)

Standard female DB-9 (R5-232) DCE connector — This connector
can be also used for RS-485 and R5-422 connections.

1.1d. Power Connector

7-18 VDC Power Connector (Center positive, 5.5/2.1mm) — Power
can also be supplied through Pin 9 of the DB-9 Serial Port.

1.2a. DIP Switch

Figure 1.2. Back View The DIP Switch automatically configures the XStream RF Modem
8 B to operate in different modes. Each time the modem is powered-
on, intelligence inside the XIB-R interface board (inside the
modem) programs the modem according to the positions of the
. @ DIP Switch. [See figure below for DIP Switch settings]

-
-

-
LN
= Lt
= IR
(=

NOTE: In cases where AT Commands should not be sent each time
the RF Modem is powered-on, the processor must be disabled by
populating 17 on the interface board inside the modem [p21].

[ 1.20, 1.2b. Config (Configuration) Switch

Contfig Switch £ z Z 5

1.2a. onfig Swi 1.2 The Cenfiguration Switch provides an alternate way to enter "AT
DIP Switch i

Antenna Port Command Mode”, To enter "AT Command Mode” at the RF
modem’s default baud rate, hold the Configuration Switch down
while powering on the modem using the Power Switch [1.1a].

1.2c. Antenna Port

Figure 1.3. DIP Switch Settings Port is a 500 RF signal connet_:tor for connecting to anlextemal
antenna. The connector type is RPSMA (Reverse Polarity SMA) female.

/ ol 2|3 4|5 6 \ The connector has threads on the outside of a
N [ ] barrel and a male center conductor.
L H r o] |[m] l E|

Ser-ia[ I‘IIIIEI"faEE Parity ] )

E-:\l-::ncs 162 RS-485/422 Smterhﬁ‘.- &6

Termination 5
O Switches 3 & 4
= f5-232 = g
¥4 . e Refer to table in the “ Automatic
[QE] - 2-viee rs-ses - e R diG [E:E] Even DIP Switch Configurations” [p21]
Bl Awie 7] ewice RS-485/422 " : section for more information about
Eu = Rs-485/422 Termination rﬂﬂ £ @ =0n (up) configurations triggered by the
ﬁﬁ = {Restore Defaults) - None = nvalld Iﬂ = ?\l-:tiiu oniy) E OFF {down) DIP Switch.
= O [ down;




2. Interfacing Protocol

¢« R5-232
¢ RS-485 (2-wire) Half-Duplex
¢ RS-485 (4-wire) and RS-422

‘2.1, RS-232 Operation

2.1.1. DIP Switch Settings and Pin Signals

Figure 1.1 Figure 2.1,
RS-231 DIP Switch Settings Pins used on the female R5-232 (DB-9)
Serial Connector

0123456
NU | in .P.ins H
0l e oW B

GND DCD

TG g

DIP Switch settings are read and applied
only while powering-on.

Pin9 Pin 6
Rl ITEL.B |.)i_n_? DSR
CTS RTS
Table 2.1.  RS-232 Signals and their implementations on the RF Modem

(Low-asserted signals are distinguished by horizontal line over pin name. )

DB.9 Pin RS-232 | AT Command

N T Description Implementation

1 DCD Do3 Data-Carrier-Detect Connacted to DSR (ping)

2 RXD 0o Received Data Serial data exifing the RF Modam |t host)

3 XD Dl Transmitted Data Setial data entaring into the RF modem (from host)

4 DTR D3 Data-Terminal-Feady Can enable POWER-DOWN on the RF Modem

3 GND - Ground Signal Ground

f DSR Do3 Data-Set-Ready Connected to DCD (pin)

7 RCI.HSDIr o2 Requestto-Send enables E:Ad:gﬂ hsﬂgg: m.rglzr?; Modem

g CTs Doz Clear-to-Send Provides CTS fiow control

o | m || gmas | e
* Inside the ‘Modemisan. _____ OEM RF Module. The names in this column refer to the pin

signals of the embedded RF module. XStream Commands [p24] used to configure pin behaviors are named
according to the pins of the module, not the R3-232 connection pins.



Wiring Diagram: RS-232 DTE Device to a DCE RF Modem

Figure 2.3. RS5.232 DTE (male connector} device wired to an XStream RF Modem (female connector)

RS-232 Device (DTE)

cTs 8
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Wiring Diagram: DCE RF Modem to an RS-232 DCE Device

Figure 2.4, | RF Modem (female connector) wired to an RS-232 DTE (male connector) device

| RS5-232/485
RF Modem (DCE)
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MULL Modem Adapter
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]
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Sample Wireless Connection: DTE €- DCE 7% DCE € DCE

Figure 2.5. Typical wireless link between DTE and DCE devices

R5-232 cable —
. @j
o/ \ /O =

Camputer (DTE) Twi RF Madems (DCE)

male-to-male
NULL modem adapter

wt o\ /0

Target Device (DCE)



2.2. RS-485 (2-wire) Operation

2.2.1. DIP Switch Settings and Pin Signals

Figure 1.6.

RS5-485 (Z-wire) Half-Duplex

DIP Switch Settings

2 3 4

in[a [

6

Figure 1.5,

RS5-485 (2Z-wire) with Termination (optional)

12 3 4

o] afe

5

Figure 2.7.
Pins used on the female R5-232 (DE-9)
Serial Connector

Pin 2
Pin 5 T/R-
GND

T

Fin9
PWR  pins
T/R+

Termination is the 120 Q resistor between T+ and T-.

DIP Switch settings are read and applied only while powering-on.

Note: Refer to Figures 2.15 & 2.16 for R]-45 connector pin designations used in
R5-485/422 environments.

Table 2.2. RS5-485 (2-wire half-duplex) Signals and their implementations on the | RF Modem
DB-9 Pin | RS5-485 Name Description Implementation
: ” : Transmit serial data to and from the
2 TIR- (TRA) Megative Data Line WStream RE Modem
5 GND Ground Signal Ground
y " : Transmit serial data to and from the
8 TIR+ (TRB) Positive Dala Line Watream RF Modem
, Optional power input that is connected intemally
9 PN Pawey to the front power connector
1,3,4,6,7 not used

Wiring Diagram: RS-485 (2-wire) Half-Duplex

Figure 2.9,

RS-1E5

master device

L RF Modem in an RS-485 (2-wire) half-duplex environment

a) (Cc

RS-233/ 485 RF Modem

P
TR+ —

[ vavams
[] peeie

- - R5-485
R5-232,/385 RF Modem Temiaton slave device

Remsla

I anatied|
pin &
— TR B-




2.3. RS-485 (4-wire) & RS-422 Operation

2.3.1. DIP Switch Settings and Pin Signals

Figure 2.10. Figure 2.11.
RS5.485 (dewire) and RS5-422 Pins used on the female RS5-232 (DB-9)
DIP Switch Settings Serial Connector

1 3 3] Pin 3

Pin 2

2 4 5
1 R-
. Pin 5 I-
H O HH ] GND

Figure 2.12.
RS5-485 (d-wire) & R5-422 with Termination {(optional)

-, Z0
=

2346586 RI Pin 8 Pin7

01- + +
ol 1Pl ' )

Termination is the 120 Q resistor between T+ and T-.

DIP Switch settings are read and applied only while powering-on.

Table 2.3, RS-485/422 (4-wire) Signals and their implementations

. RS-485/422 ke -
DB-9 Pin A Description Implementation
2 T-(TA) Trepbmit Negativ! Serial data sent from the XStream RF Madem
’ Data Line : ;
. Recsive Negative ) .
3 R- (R4) Data Ling Serial data received by the X5tream RF Modem
5] GMD Signal Ground Ground
; Receive Positive ; :
7 R+(FB) Data Line Serial data received by the XStream RF Modem
= R
8 T+(TB) TEeit g Serial data sent from the XStream RF Modem
' Data Line

i Optional power input that is connecied intemally

1 PR e 1o the front power conhector
1,4,.8 not used
Wiring Diagram: RS-485 (4-wire) Half-Duplex
Figure 2.13. .RF Modem in an RS-485 (4-wire) environment
a7 (o
RS-485 e [ R5-485
master device RS5-232/ 485 RF Modem RS5-232/485 RF Modem slave device

Temmanation ..__ Tenrington .
Fenintor T Resi o
il enabled) /-_h‘ermhlt-d:
T v pin 7 g T ;
> SN S ,
T F -

ey

|:| Tranamet
[] seeie

davice device




Wiring Diagram: RS-422

Figure 2.14, RF Modem in an RS-485 (4-wire) environment

RS5-232/485 RF Modem

Rexaton
(I mratled)
Transmit

T+ pin & R+ Receive
Drata - Lrata

> pin 2 \‘ >

T LGS

Termination
Resision
IIf enabied]
Receive R+ pin 7 T+ Transmit
Cata b Data
_.< 7 -
R- - T-

RS-485/422 Connection Guidelines

'|grm;]a;nn{ RS-422 Davice

The RS-485/422 protocol provides a solution for wired communications that can tolerate high
noise and push signals over long cable lengths. RS-485/422 signals can communicate as far as
4000 feet (1200 m). RS-232 signals are suitable for cable distances up to 100 feet (30.5 m).

RS-485 offers multi-drop capability in which up to 32 nodes can be connected. The RS-422
protocel is used for point-to-point communications.

Suggestions for integrating the XStream Modem with the RS-485/422 protocol:

1. When using Ethernet twisted pair cabling: Select wires so that T+ and T- are connected to
each wire in a twisted pair. Likewise, select wires so that R+ and R- are connected to a
twisted pair. (For example, tie the green and white/gresn wires to T+ and T-.)

2. For straight-through Ethernet cable (not cross-over cable) — The following wiring pattern
works well: Pin3 to T+, Pin4 to R+, PinS to R-, PinG to T-

3. MNote that the connecting cable only requires 4 wires {even though there are 8 wires).

4.  When using phone cabling (R1-11) - Pin2 in the cable maps to Pin3 on opposite end of cable
and Pinl maps to Pin4 respectively.

Figure 2.15. Male (yellow) DB-9 to RJ-45 Adapters

R3-45 Pin Specifications
RH5 Pin Wire Color

2
a
']
5
a

.’... pin ¥ {blue)

male DRI fermale R4S
L.
I

B g

Figure 2.160. Female (green) DB-9 to R]-45 Adapters

_R_I 45 Fin Specifications
LM Fin Wire Golor
e
g
Hat

i
LY
female DB .,\1‘__ female RS

e
LTI

[=LR

a=en
redow

S T
i

An RS-232 Accessories Kit is available that includes connectors that facilitate RS-232/485/422
and other serial communications. Refer to the Development Guide in Appendix B for information
concerning the connectors and tools included in the kit.



3. RF Modem Operation

3.1. Serial Communications

3.1.1. RS-232 and RS-485/422 Data Flow

Devices that have a UART interface can connect directly through the pins of the XStream Modem
as Is shown in the figure below.

Figure 3.1. System Data Flow Diagram in a UART-interfaced environment
(Low-asserted signals distinguished with horizontal line over signal name.}

RS-232 Logic RS-232 Logic
T 757> |
. -
THD ; T
C18 cTs
& —P
PG mip | RF Modem RFModem| mm FC
RTS RTS
R e
3.1.2. Host and RF Modem 1I/0 Settings
Serial communications between a host and an | RF Modem are dependent upon having

matching baud rate, parity, stop bit & number of data bits settings. Failure to enter the modem
into AT Command Mode is most commonly due to baud rate mismatch. Refer to the table below
to ensure host serial port settings match those of the modem.

Table 3.1. Parameter values critical to serial communications between the RF Modem and host

Parameter Setting | RF Modem Default Parameter Value

Baud (Serial Data Rate) 400 bps or 18200 baud (Factory-set FF data rates)

MNumber of Data Bits 8 (ME parameter = 0)

Farity More (ME parameter = 0)

Number of Siop Bits 1 (NE parameter = [)

Rnth the RF Modem and host (PC) settings can be viewed and adjusted using

X-CTU Software. Use the "PC Settings” tab to configure host settings.
Use the "Terminal” or "Modem Configuration” tabs to configure the RF Modem settings. Refer to
the RF Modem Configuration sections for more information [p21].



3.1.3. Flow Control
Figure 3.2. Internal Data Flow Diagram

(The five most commonly-used pin signals are shown.)

-] RF T
o /__}—- 3 e Transmitier
Buffer Buffer | RE Switch
£ 1, |
et

| | Airng
e F—— PIOCEL R — ear

ans (= | ] InterTarRns
Filber
po (je—y 50 RERe (L b e e L

Buller Bullis | | l

DI (Data In) Buffer and Flow Control

When serizl data enters the Modem through the DI Pin, then the data is stored in the DI
Buffer until it can be transmitted.

When the RO parameter threshold is satisfied (refer to Transmit Mode [p14] and Command
Descriptions [p25] sections for more information), the modem attempts to initialize an RF
connection. If the modem is already receiving RF data, the senal data is stored in the modem's
D1 Buffer. If the DI buffer becomes full, hardware or software flow control must be implemented
in order to prevent overflow (loss of data between the host and ¥Stream RF Modem).

How to eliminate the need for flow control:

1. Send messages that are smaller than the DI buffer size. The size of the DI buffer varies
according to the packet size and panty setting used.

2. Interface at 2 lower baud rate (ED Command) than the fixed RF data rate.

Two cases in which the DI Buffer may become full and possibly overflow:

1. If the serial interface data rate is set higher than the RF data rate of the modem, the modem
will receive data from the host faster than it can transmit the data over-the-air.

2. If the modem is receiving a continuous stream of RF data or if the modem is monitoring data
on a network, any serial data that arrives on the DI pin is placed in the DI Buffer. The data in
the DI buffer will be transmitted over-the-air when the modem no longer detects RF data in
the network.

Hardware Flow Control (CTS). When the DI buffer is 17 bytes away from being full; by
default, the modem de-asserts (high) CT3 to signal to the host device to stop sending data [refer
to the FT (Flow Control Threshold) and €S (D02 Configuration) commands]. CTS is re-asserted
after the DI Buffer has 34 bytes of memory available.

Software Flow Control (XON). XON/XOFF software flow control can be enabled using the FL
(Software Flow Control) Command. This option only works with ASCII data.

DO (Data Out) Buffer and Flow Control

When RF data is received, the data enters the DO buffer and is then sent out the senal port to a
host device. Once the DO Buffer reaches capacity, any additional incoming RF data is lost.

Two cases in which the DO Buffer may become full and possibly overflow:

1. If the RF data rate is set higher than the interface data rate of the modem, the modem will
receive data from the transmitting modem faster than it can send the data to the host.

[2

If the host does not allow the modem to transmit data out from the DO buffer because of
being held off by hardware or software flow control.

Hardware Flow Control (RTS). If RTS is enabled for flow control (RT Parameter = 2}, data will
not be sent out the DO Buffer as long as RTS is de-asserted.

Software Flow Control {XOFF). XON/XOFF software flow control can be enabled using the FL
(Software Flow Control) Command. This option only works with ASCII data.



3.2. Modes of Operation

RF Modems operate in five modes.
Figure 3.3. Modes of Operation i‘ Tranemlt .-'l
Modem can only be in one mode at a time. \ P

[ Sleep A /Luljr\‘-‘ ,/:ce::\
[\ Moda ]‘ Mode l,l o Mn:le)
K M

@mmand |

Mode
L
3.2.1. Idle Mode

When not receiving or transmitting data, the modem is in Idle Mode. The modem uses the same
amount of power in Idle Mode as it does in Receive Mode.

The modem shifts into the other modes of operation under the following conditions:
+ Senal data is received in the DI Buffer (Transmit Mode)
s Valid RF data is received through the antenna (Receive Mode)
e« Command Mode Sequence is issued (Command Mode)
» Sleep Mode condition is met (Sleep Mode)

After responding to any of the preceding conditions, the moedem automatically transitions back
into Idle Made.

3.2.2. Transmit Mode

When the first byte of serial data is received from the UART in the DI buffer, the modem
attempts to shift to Transmit Mode and initiate an RF connection with other modems.

Figure 3.4. Transmission of Data 2

Once in Transmit Mode, the modem
initializes a communications channel.

Begin
Channel
Initialization

Channel initialization is the process of

: £ Sl Dt
sending an RF initializer that in DI Butter Dista Received

z in D Buffer
synchronizes receiving moedems with e D‘,,a}*
the transmitting modem. When BEBL
streaming multiple RF packets, the Aaumﬁ Empty
RF Initializer is only sent in front of \
——

the first packet. During channel ('f

initialization, incoming serizl data / Send Data &
1 Assert TX/PWR

Collect Serial

accumulates in the DI buffer. . Y

.  \momere | when< 17 Do oter | rtcomiete
After the channel is initialized, data in \\ bytes left Lo /
the DI buffer is grouped into packets z. inaieciion

{up to 64 bytes in each packet) and

e
is transmitted. The modem continues \_‘_‘___

to transmit data packets until the DI
buffer is empty. Once transmission is finished, the modem returns to Idle Mode. This progression
is shown in Figure 3.4,

As the transmitting modem nears the end of the transmission, it inspects the DI buffer to see if
more data exists to be transmitted. This could be the case if more bytes arrived from the host
after the transmission began. If more data is pending, the transmitting modem assembles a
subsequent packet for transmission.



RF Packet

The RF packet is the sequence of data used for communicating information between MaxStream
Modems. An RF Packet consists of an RF Initializer and RF Data.

Figure 3.5. RF Packet Components RF pa C ket

| RF Initializer® ‘ RF Data |

] Header | Payload ‘ CRC |
I

|
| ATID | ATHP | ATDT | Packet ID |

* When streaming multiple RF packets, the RF Initializer is only sent in front of the first packet.

RF Initializer

An RF initializer is sent each time a new connection sequence begins. The RF initializer contains
channel information that notifies receiving medems of information such as the hopping pattern
used by the transmitting modem. The first transmission always sends an RF initializer.

An RF initializer can be of various lengths depending on the amount of time determined to be
required to prepare a receiving modem. For example, a wake-up initializer is a type of RF
initializer used to wake remote modems from Sleep Mode (Refer to the FH, LH, HT and SM
Commands for more information). The length of the wake-up initializer should be longer than the
length of time remote modems are in cyclic sleep.

Header

The header contains network addressing information that is used to filter incoming RF data. The
receiving modem checks for matching a VID, Hopping Channel and Destination Address. Data
that does not pass through all three network filter layers is discarded.

Figure 3.6. Filtration Layers Contained in the Header

Vendor Identification Number (VID)
Parameter values:
ID = 0 ta OxFFFF Hopping Channel
{latver haif of range Parameter values: o
Is. Factory-set and HP=0loé Destination Address
read-oniy) Parameter values:
OT = 0 to O«FFFF
= 3
Incoming Modem [Ds Channels Addresses REF Data
RF Data malch match — csicis hanigh
ta DO Buffer
nen-mabching
Addresses
man-nuakching
/ Channils
nonsmatching
1

Discarded Data

CRC (Cyclic Redundancy Check)

To verify data integrity and provide built-in error checking, a 16-bit CRC (Cyclic Redundancy
Check) is computed for the transmitted data and attached to the end of each RF packet. On the
receiving end, the receiving modem computes the CRC on all incoming RF data. Received data
that has an invalid CRC is discarded [Refer to the Receive Mode section, next page].




3.2.3. Receive Mode

If 3 modern detects RF data while operating in Idle Mode, the modem transitions into Receive
Mode to start receiving RF packets.

Figure 3.7. Reception of KF Data >

After a packet is received, the modem
checks the CRC (cyclic redundancy check)
to ensure that the data was transmitted
without error. If the CRC data bits on the

incoming packet are invalid, the packet is
discarded. If the CRC is valid, the packet
proceeds to the DO Buffer.

The modem returns to Idle Mode after
valid RF data is no longer detected or after
an error is detected in the received RF
data. If senal data is stored in the DI

Check far

Send Data o
DO Buffer

buffer while the modem is in Receive
Mode, the serial data will be transmitted
after the modem is finished receiving data
and returns to Idle Mode.

3.2.4. Sleep Modes
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Sleep Modes enable the XStream Modem to operate at minimal power consumption when not in
use. Three Sleep Mode options are available:

+ Pin Sleep (Host Controlled)
+ Serial Port Sleep (Wake on Serial Port activity)
» Cyclic Sleep (Wake on RF activity)

For the modem to transition into Sleep Mode, the modem must have a non-zero SM (Sleep Mode)

Parameter and one of the following must occur:

2. SLEEP pin is asserted (only for Pin Sleep option].

1. The modem is idle (no data transmission or reception) for a user-defined period of time
[Refer to the ST (Time before Sleep) Command].

In Sleep Mode, the modem will not transmit or receive data until the modem first transitions to
Idle Mode. All Sleep Modes are enabled and disabled using SM Command. Transitions inte and
out of Sleep Modes are triggered by various mechanisms as shown in the table below.

Table 3.2. Summary of Sleep Mode Configurations

Sleep Mode Transition into Transition out of | Related Typical Power

Setting Sleep Mode Sleep Mode Commands | Consumption
A microcontroller can shut down and wake

_— modems by asserting (high) SLEEP pin.

n Slee .

(SM = ?]p Note: The module will complete a De-assert SLEEF pin. | SM B mA

: transmission o reception before activating
Pin Sizep.
Automatic transition to Slesp Mode occurs

: after a user-defined period of inactivity (no |, 2 2

F’;ﬂﬂzl ;?rt Sleep transmitting or receiving of data). The gg::l:;':ﬂ ;TQED? o SM, ST 25mA

J pariod of activity is defined using the ST ) o
(Time before Sleep) Command.
Automatic transition to Sleep Mode occurs | After the cyclic sleep
in cycles as defined by the SM (Sleep time interval elapses.

Cyciic Slesp Mode]) Command. Note: Modem canbe | SM, ST, HT,LH, | 6mA

[SM = 3-8 Mote: The cyciic sleep time inferval must be | forced into idle Mode | P'W when slesping
shorter than the “Wake-up Initializer Timer” | if PW (Pin Wake-ug)
(set by L= Command). Command is issued.

For more information about Sleep Moades, refer to the individual commands listed in “Related Commands”
column of the table. SM Command is the best starting point for implementing sleep mode configurations.




Pin Sleep (SM = 1)

Pin Sleep requires the least amount of power. In order to achieve this state, DI3 (SLEEP) pin
must be asserted (high). The modem remains in Pin Sleep until the DI3 pin is de-asserted.

After enabling Pin Sleep, the SLEEP pin controls whether the XStream Modem is active or in Sleep
Mode. When DI3 is de-asserted (low), the modem is fully operational. When DI3 is asserted
(high), the modem transitions to Sleep Mode and remains in its lowest power-consuming state
until the DI3 (SLEEP) pin is de-asserted. DI3 is only active if the modem is setup to operate in
this mode; otherwise the pin is ignored.

Once in Pin Sleep Mode, DO2 (CTS) is de-asserted (high), indicating that data should not be sent
to the modem. The PWR pin is also de-asserted (low) when the modem is in Pin Sleep Mode.

MNote: The module will complete a transmission or reception before activating Pin Sleep.

Serial Port Sleep (SM = 2)

Serial Port Sleep is a Sleep Mode in which the Modem runs in a low power state until
serial data is detected on the DI pin.

When Serial Port Sleep is enabled, the modem goes into Sleep Mode after a user-defined period
of inactivity {no transmitting or receiving of data). This period of time is determined by ST (Time
before Sleep) Command. Once a character is received through the DI pin, the modem returns to
Idle Mede and is fully operational.

Cyclic Sleep (SM = 3-8)

Cyclic Sleep is the Sleep Mode in which the Modem enters into a low-power state and
awakens periodically to determine if any transmissions are being sent.

When Cyclic Sleep settings are enabled, the Modem goes into Sleep Mode after a user-
defined period of inactivity (no transmission or reception on the RF channel). The user-defined
period is determined by ST (Time before Sleep) Command.

While the modem is in Cyclic Sleep Mode, DO2 (CT5) is de-asserted (high) to indicate that data
should not be sent to the modem during this time. When the modem awakens to listen for data,
D02 is asserted and any data received on the DI Pin is transmitted. The PWR pin is also de-
asserted (low) when the modem is in Cyclic Sleep Mode.

The modem remains in Sleep Mode for a user-defined period of time ranging from 0.5 seconds to
16 seconds (SM Parameters 3 through 8). After this interval of time, the modem returns to Idle
Mode and listens for a valid data packet for 100 ms. If the modem does not detect valid data (on
any frequency), the modem returns to Sleep Mode. If valid data is detected, the modem
transitions into Receive Mode and receives incoming RF packets. The modem then returns to
Sleep Mode after a Period of inactivity that is determined by ST "Time before Sleep” Command.

The modem can also be configured to wake from cyclic sleep when SLEEP/DI3 is de-asserted
(low). To configure a modem to operate in this manner, PW (Pin Wake-up) Command must be
issued. Once DI3 is de-asserted, the modem is forced into Idle Mode and can begin transmitting
or receiving data. It remains active until no data is detected for the period of time specified by
the ST Command, at which point it resumes its low-power cyclic state.

Note: The cyclic interval time defined by 5M (Sleep Mode) Command must be shorter than the interval
time defined by LH (Wake-up Initializer Timer).

For example: If SM=4 {Cyclic 1.0 second sleep), the LH Parameter should equal 0x0B (“1.1" seconds).
With these parameters set, there is no risk of the receiving modem being asleep for the duration of
wake-up initializer transmission. “Cyclic Scanning” explains in further detail the relationship between
“Cyclic Sleep® and “Wake-up Initializer Timer”




Cyclic Scanning. Each RF transmission consists of an RF Initializer and payload. The wake-up
Initializer contains initialization information and all receiving modems must wake during the
wake-up Initializer portion of data transmission in order to be synchronized with the transmitting
modem and recelve the data.

Figune 3.8 Correct (.onﬁguratiﬂn (LH = 5M)

length of the wak&up initializer exceeds the time interval of C}rdic Sleep. The receiver is guamnteed to detect
the wal-;e-up initializer and receive the accompanying pa}’lnad data.

Transmitted Data : P
Lenggth of Wake-up Initializer = 1.1 Seconds Wolaryp Ikt \ :

{LH = (=018

Receiver |_| |—]h Receive Mode e
Cyelie 10 Second i p=Sloep Mode (1 second) <
(SM= 4) — —

L tdle Mode (100ms) —
| | |
| I | 1 T
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Figure 3.9, Incorrect Configuration (LH < SM)
Length of wake-up initializer is shorter than the time interval of Cyclic Sleep. This configuration is vulnerable
to the receiver waking and missing the wake-up initializer {and therefore also the accompanying payload data).
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3.2.5. Command Mode

To modify or read modem parameters, the modem must first enter into Command Mode, the
state in which incoming characters are interpreted as commands. Two command types are
available for programming the modem:

« AT Commands
¢ Binary Commands

For modified parameter values to persist in the modem registry, changes must be saved to non-
volatile memory using WR (Write) Command. Otherwise, parameters are restored to previously
saved values when the modem is powered off and then on again.

AT Commands

To Enter AT Command Mode:

1. Send the 3-character command sequence "+++" and observe guard times before and after
the command characters. [Refer to the "Default AT Command Mode Sequence” below.] The

"Terminal” tab (or other serial communications software) of the X-CTU Software can be used
to enter the sequence.

[OR]

[

Assert (low) the CONFIG pin and turn the power going to the modem off and back on. This
result can be achieved by keeping the configuration switch pressed while turning off, then on
again the power supplying the RF Modem)

Default AT Command Mode Sequence (for transition to Command Mode):
« No characters sent for one second [refer to the BT (Guard Time Before) Command]

« Input three plus characters ("+++") within one second [refer to the CC (Command
Sequence Character) Command.]

« Mo characters sent for one second [refer to the AT (Guard Time After) Command.]
To Send AT Commands:
Send AT commands and parameters using the syntax shown below:
Figure 3.10. Syntax for sending AT Commands

"AT™ + ASCII Space + Parameter + Carriage
Prefix Command (Optional) (Optional, HEX) Return

=1

Example: ATDT 1F<CR>

MNOTE: To read a parameter value stored in a register, leave the parameter field blank.

The preceding example would change the modem Destination Address to "1F". To store the new
value to non-volatile (long term) memory, the Write (ATWR) Command must follow.

System Response. When a command is sent to the modem, the modem will parse and execute
the command. Upon successful execution of a command, the medem returns an “OK" message. If
execution of a command results in an error, the modem returns an "ERROR" message.

To Exit AT Command Mode:

1. Send ATCN (Exit Command Mode) Command.
[OR]

2. If no valid AT Commmands are received within the time specified by CT (Command Mode
Timeout) Command, the Modem automatically returns to Idle Mode.

For examples that illustrate the steps of programming the modem using AT Commands, refer to
the RF Modem Configuration [p21] chapter.



Sending and receiving parameter values using binary commands is the fastest way to change
operating parameters of the XStream RF Modem. Binary commands are used most often to
sample signal strength (RS parameter) and/or error counts; or change modem addresses and
channels for polling data systems. Since the sending and receiving of register values takes place
through the same serial data path as 'live' data (received RF payload), interference between the
two types of data can be a concern.

Common guestions about using binary commands:
« What are the implications of asserting CMD while live data is being sent or received?
» After sending serial data, is there a minimum time delay before CMD can be asserted?
* Is a delay required after CMD is de-asserted before payload data can be sent?
» How does one discern between live data and data received in response to 3 command?

The CMD pin must be asserted in order to send binary commands to the RF modem. The CMD pin
can be asserted to recognize binary commands anytime during the transmission or reception of
data. The status of the CMD signal is only checked at the end of the stop bit as the byte is shifted
into the serial port. The application does not allow control over when data is received, except by
waiting for dead time between bursts of communication.

If the command is sent in the middle of a stream of payload data to be transmitted, the
command will essentially be executed in the order it is received. If the radio is continuously
receiving data, the radic will wait for a break in the received data before executing the command.
The CTS signal will frame the respanse coming from the binary command request [Figure 3.11].

A minimum time delay of 100 ps (after the stop bit of the command byte has been sent) must be
observed before the CMD pin can be de-asserted. The command executes after all parameters
associated with the command have been sent. If all parameters are not received within 0.5
seconds, the modem returns to Idle Mode.

Mote: When parameters are sent, they are two bytes long with the least significant byte sent first.
Binary commands that return one parameter byte must be written with two parameter bytes.

Refer to p23 for a binary programming example.

Commands can be queried for their current value by sending the command logically ORed (bit-
wise) with the value 0x80 (hexadecimal) with CMD asserted. When the binary value is sent (with
no parameters), the current value of the command parameter is sent back through the DO pin.

Figure 3.11. Binary Command Write then Read TokRun_|_____H—— £— Trig?
T v T {3 Soav
Signal #4 is CMD el it g a: imoms
Signal £1 is the DIN signal to the radio e &2
5i 22 is the DOUT signal from the radio 1‘" | : .
Signal £3 1s CTS .,-L' .'.IL,. |_l 1 Y
In this graph, a value was written to a register and i
then read out to verify it. While not in the middle . 1
of other received data, note that the TTS (DO2 S —— B prm—]
pin} signal outlines the data response out of the i ] il
modem. f i
TR e T dbiusT A Chi S 200y
Chi 500 W ch 9 Oct Zooz
.o % 53 30
IMPORTANT: For the XStream Modem to recognize a binary command, the RT (D12

Configuration) parameter must be set to one. If binary programming is not
enabled (RT = 1), the modem will not recognize that the CMD pin is asserted and
therefore will not recognize the data as binary commands.




4. RF Modem Configuration

4.1, Automatic DIP Switch Configurations

Each time the RF Modem is powered-on, intelligence on the XIB-R Interface Board (RS-232/485
interfacing board located inside the RF Modem) sends AT Commands that program the RF Modem
based on positions of the DIP Switch. Automatic configurations that take place during the power-
on sequence affect stored RF Modem parameter values as shown in the tables below.

Figure 4.1, RF Modem DIP Switch ; R5-485i422
sena| ~. Terminalion _—~
Interface ™~ r.f Parity

ol 2|3 4|5

P

Table41l. RFModem Power-up Options (]7 jumper and Config Switch)

Condition Behavior

If J7 iz populated Processor is disabled and AT Commands arz not sant to the RF Modem
If Config Switch i pressed Processor is disabled and RF Modem enters into AT Command Moda

If J7 13 NOT pogpulated and Confiy Switch e o v

i NOT pressed Execute logic a3 shown in table below.

Table4l. AT Commands Sent as result of DIP Switch Settings (SW = DIP Switch)

Condition Behavior

Restore Default Parameater Values of the RF Modem

AT Commands sent  ATRE (Restore Defaults) Command
ATWR. (Write) Cammand

I ST & SW2Z are ON (up)

Serial Interfacing Options

AT Commands sent ATCS 0 (RS-232 Operation: CTS function for CTS ing,
If W1 is ON (up) DB-8pin &)

ATCD 2 (D03 - RX LED = low|
AT Commands sent  ATCS 3 (RS-485 or R5-422 Operation)

ATCD 2003 - RX LED = low|

If W1 is CFF (down)

Parity Onfions
I SW5 & SWE are OFF (down| AT Commands sent ATNE 0 {parity = niong)

[FSWS s OFF (down) & SWEis ON (up) | AT Commands sent  ATNB 1 {parity = even)

I SW5 is OM {up) & SW6 is OFF (down) | AT Commands sent AT 2 (parity = odd)

I 345 is ON {up) & SW8 i= ON {up) AT Commands sent  ATNE 5 parity = %h bit data over-the-air, v4.30 only)
Exit AT Command Mode
Always AT Commands sent  ATCN (Exit AT Command Mode)

IMPORTANT: To avoid overwriting previously stored custom configurations (due to the automatic
configurations that take place each time the RF Modem is powered-on), it is necessary to disable a
processor located on the XIB-R interface board. To disable the processor, populate the )7 jumper of
the XIB-R Interface Board. By default, J7 is not populated.
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For information about entering and exiting AT and Binary Command Modes, refer to the
Command Mode section [p19].

4.2.1. AT Command Examples

| has provided X-CTU software for pregramming the modem using an extensive list of
AT Commands. The ¥-CTU software provides an interface that is divided into four tabs that
facilitate the following functions:

» PC Settings tab - Setup PC serial port to interface with an XStream RF Modem

s Range Test tab - Test XStream RF Modem's range in varying environments

» Terminzl tab — Configure and read XStream RF Modem parameters using AT Commands
s Modem Configuration tab — Configure and read RF Modem parameters

PC Settings Tab

As stated in the Serial Communications section; in order to communicate data to the RF modem
through the PC, baud (serial data rate), data bit, panty and stop bit settings on the PC serial port
must match those of the RF modem. The PC Settings tab provides a software user interface that
facilitates the modification of PC serial port settings.

PC Setup

1. Set the DIP Switch to R5-232 mede. Switch 1 is ON (up) and the remaining 5 switches are
OFF (down).

2. Connect the male DB-9 connector of the PC with the female DB-9 connector of the RF
modem using an RS-232 cable.

3. Power the RF modem through the power connector.

4. Launch X-CTU Software and select the PC Settings tab; then select parameter values from
the dropdown lists that match the current parameter values of the RF modem.
[Refer to Table 3.1 on for more information. ]

Figure 4.2, RF Modem Configurations through a Serial Cable El R3-232\|:able

==AVAVAL ==

Computer {DTE) RF Modem (DCE)

Terminal Tab

A terminal program has been built into the X-CTU software and is located under the Terminal tab.
The Terminal tab provides an easy-to-use interface for proegramming the modem.

Multiple AT Commands. Multiple AT commands can be entered on cne line with one carriage
return at the end of the line. Each command must be delimited by a comma {spaces in between
are optional). The "AT" prefix is only sent before the first command and should not be included
with subsequent commands in a line.

System Response. When a command is sent to the modem, the modem will parse and execute
the command. Upon successful execution of a command, the modem returns an "OK" message. If
execution of a command results in an error, the moedem returns an "ERROR" message.



EXAMPLE: Restore RF Modem Defaults using the Terminal tab

Method 1 {One line per command)

Issue AT Command
+++

ATHP <Enter=

ATRE <Enter>

ATWR <Enter=

ATCN <Enter=

Method 2 (Multiple commands on one line)

Issue AT Command
+++

ATRE, WR, CN <Enter=

The following steps show how to read currently stored modem parameter values; then restore
the modem parameters to their factory-default states.

System Response

OK<CR> (Enter into AT Command Mode)

(system shows current channel number) <CR>
OK<CR> (Restore modem default parameter values)
OK<CR> (Write new values to non-volatile memory)
OK<CR> (Exit AT Command Mode)

System Response
OK<CR=>
OK<CR=>

NOTE: Default parameter values of the RF modemn can also be restored by selecting the "Restore
Defaults” button located on the Modem Configuration tab [refer to the instructions below].

Modem Configuration tab

The "Modem Configuration” tab of the X-CTU software provides an easy-to-use interface for

reading and setting RF modem parameters.

EXAMPLE: Read Parameters & Restore Defaults using the Modem Configuration tab

iy

H ;| s

The following steps show how to read currently stored modem parameter values; then restore
the modem parameters to their factory-default states.

1.

Open the X-CTU program (Start --> Programs --> MaxStream --> X-CTU):

Under the "PC Settings" tab, select the PC Serial Com Port from the dropdown list that will be

used to connect to the RF Modem.

Select a "Baud rate" to match the default RF data rate of the RF Modem. Use default values

for all other fields.

Select the "Modem Cenfiguration” tab.

Select the "Read” button to read currently stored parameter values of the modem.

Select the “"Restore” button to restore factory-default parameter values.

Select the "Write” button to save default values to non-volatile (leng-term) memory.

4.2.2. Binary Command Example

Example: Send Binary Commands

1

3

3

Example: Use binary commands to change the XStream Modem's destination address to 0x1A0D
and save the new address to non-volatile memory.

. RT Command must be set to "1" in AT Command Mode to enable binary programming.

. Assert CMD (Pin is driven high).

{Enter Binary Command Mode)

. Send Bytes [Parameter bytes must be 2 bytes long]:

00
oD
1A
038

. De-assert CMD (Pin is driven low).

(Send DT (Destination Address) Command)
(Least significant byte of parameter bytes)
(Most significant byte of parameter bytes)

(Send WR (Write) Command)

(Exit Binary Command Mode)

Mote: CTSis high when command is being executed. Hardware flow control must be disabled as CTS
will hold off parameter bytes.




4.3. Command Reference Table

Table 4.1 Commands
(The RF Modem expects munerical values in hexadecimal “d” denotes decimal equivalent.)

élmman d Eg]niﬁan d AT Command Name Range Command Category ’ég&?ﬁ; d Ei?:ﬂf

AT (005 (5d) Guard Time After 0x02 — 0xFFFF [x 100 msec] [ Command Mode Options 2 0x0A (106])
Sba[ljn_d%rd baud rates: Setto equal

BD w4.28* 015 (21d) Interface Data Rate Nan-standard baud rates Senial Interfacing 2 chgr%-tseet RF

0x70 - OxFFFF

BT 0w (4d) Guard Time Bafore 2 — OxFFFF [x 100 msec) Command Mode Options 2 Do (10d)

cC Oe13 (19d) Command Sequence Character 020 - Ox7F Command Mode Options 1 2B (*+)

CDv42B* (028 (40d) DO3 Configuration 0-4 Serial Interfacing 0

CN w09 (9d) Exit AT Command Mode - Command Mode Options -

CSv427D" | OxiF (31d) DO2 Configuration 0-4 Serial Interfacing ]

CT (008 (6d) Command Mode Timeout 0x02 — 0xFFFF [x 100msac] | Command Mode Options 2 0xC8 (200d)

DT 0x00{0d) Destination Address 0 - 0«FFFF Metworking 2 ]

E0 00 (10d) Echo Off Command Mode Cptions

E1 008 (11d) Echo Cn - Command Mode Opfions

ER 0x0F (15d) Receive Emor Count 0 - 0xFFFF Diagnaostics 2 0

FH 0x0D (123d) Force Wake-up Initislizer Slesp (Low Power)

FL 0x07 (7d) Software Flow Control 0-1 Serial Interfacing 0

FTw4278" | 0x24 (36d) Flow Control Threshold 0 — D¥FF [oytes) Serial Interfacing 2 vanes

GD 010 (16d) Receive Good Count 0 - 0xFFFF Diagnastics 2 0

HP Oec11 (17d) Hopping Channel 0-6 MNetworking 0

HT 0x03 {3d) Time before Wake-up Initializer 0 - OxFFFF [x 100 msez] Sleep (Low Power) 2 OxFFFF

Dv428"  |0x27(38d)  |ModemVID g;‘ea;fﬁjb'ﬂigﬂggf_ EJ;EEFF,E Networking 2

LH 0x0C (12d) Wake-up Iniializer Timer 00— 0xFF [x 100 msec] Sleep (Low Power) 1

MK 012 (18d) Address Mask 0 - 0:FFFF Networking 2 0xFFFF

NE w4278 | Ox23 (35d) Parity 0-4 Serial Interfacing 0

PCv422 01 E (30d) Power-up Mode 0-1 Command Mode Options ]

PW v 4.22* 0x1D (294) Fin Wake-up 0-1 Slesp (Low Power) 0

RE OxDE (14d) Restore Defaults - {Special)

RN v4.22* 0x19 (25d) Delay Slots 0 - D¥FF [slots] Metworking 0

RO V4284 | 0x21(33d) Packetization Timeout 0 - 0¥FFFF [x 200 psec] Serial Interfacing 2 0

FP w4288 | (n22 (34d) RSS! PWM Timer 0 - Ox7F [x 100 msec] Diagnostics 1 0

RRv4.22* 0x18 (24d) Retries 0-0xFF Metworking 1 0

R3 w422 1C (28d) R33l 0xc06 — (36 [Read-only] Diagnostics

RT Oec16 (22d) DI2 Configuration 0-2 Serial Interfacing 0

SBv4.2B (36 (54d) Stop Bits 0-1 Serial Interfacing 0

SHv427Cr | 0u2b (37d) Serial Number High 0 — OxFFFF [Read-only] Diagnostics 2

SLwd427C" | 0x26 (38d) Serial Nurmber Low 0 — 0xFFFF [Read-only] Diagnostics 2

SM 0u01 (1) Sleep Mode 0-8 Slesp (Low Power) 1 0

5T 0x02 {2d) Time before Sleep 0x10 - 0xFFFF [x 100 msec] | Sleep (Low Power) 2 Oxéd (100d)

5Y 0x17 (23d) Time before Initialization 0 - 0xFF [x 100 msec] Networking 1 0 (disabled)

TR v4.22* Ox18 (27d) Transmit Error Count 0 - 0xFFFF Diagnostics 2 0

TTv4.22* Ol A (26d) Sireaming Limit 0 - 0xFFFF [0 = dizabled) Metworking 2 0xFFFF

YR 0x14 (20d) Firmware Version 0 x 0xFFFF [Read-only] Diagnastics 2

WR 0x08 (8d) Write - (Special)

" Firmware version in which command and parameter options were first suppaorted.

NOTE: AT Commands issued without a parameter value will return the currently stored parameter.




4.4. Command Descriptions

Commands in this section are listed alphabetically. Command categories are designated between
the "< =" symbols that follow each command title. XStream Modems expect numerical values in
hexadecimal and those values are designated by a "0x" prefix.

AT (Guard Time After) Command

<Command Mode Options> AT Command is used AT Command: ATAT

to set the time-of-silence that follows the Binary Command: 0x05 (5 decimal)

command sequence character (CC Command). By
default, AT Command Mode will activate after one
second of silence.

Farameter Range: 0x02 - OxXFFFF
[x 100 milliseconds]

Refer to the AT Commands section [pl19] to view Number of bytes returned: 2

the default AT Command Mode sequence. Default Parameter Value: 0x0A (10 decimal)

Related Commands: BT (Guard Time Before),
CC (Command Sequence Character)

BD (Interface Data Rate) Command

<Serial Interfacing> BD Command allows the AT Command: ATED

user to adjust the interface data rate and thus Binary Command: 0x15 (21 decimal)

modify the rate at which serial data is sent to the
modem. The new baud rate does not take effect

Parameter Range (Standard baud rates): 0-6
(Non-standard baud rates): 0x7D - OxFFFF

until the CN (Exit AT Command Mode) Command Parameter BAUD (bps)
is issued. The RF data rate is not affected by the Value Configuration
BD Command. 0 1200
L . ) 1 2400
Although most applications will only require one
of the seven standard baud rates, non-standard 2 4800
baud rates are also supported. 3 9600
i i 4 19200
Mote: If the serial data rate is set to exceed the 5 38400
fixed RF data rate of the XStream modem, CTS
5] 57600

flow control may need to be implemented as

described in the Pin Signals and Flow Control Number of bytes returned: 2

Default Parameter Value: Set to equal to
modem’s factory-set RF data rate.

sections of this manual.

Non-standard Interface Data Rates: When
parameter values outside the range of standard
baud rates are sent, the closest interface data

Minimum firmware version required: 4.28
{non-standard baud rates not previously
supported)

rate represented by the number is stored in the
BD register. For example, a rate of 19200 bps can be set by sending the following command line
"ATBD4B00". NOTE: When using MaxStream'’s X-CTU Software, non-standard interface data rates
can only be set and read using the X-CTU ‘Terminal’ tab. Non-standard rates are not accessible
through the *Modem Configuration’ tab.

When the BD command is sent with a non-standard interface data rate, the UART will adjust to
accommodate the requested interface rate. In most cases, the clock resolution will cause the
stored BD parameter to vary from the parameter that was sent (refer to the table below).
Reading the BD command (send "ATBED" command without an associated parameter value) will
return the value that was actually stored to the BD register.

Table 4-01, Parameter Sent vs. Parameter Stored

BD Parameter Sent (HEX) Interface Data Rate (bps) BD Parameter Stored (HEX)
0 1200 ]
4 19.200 4
7 115,200 7
12C 300 128
1C200 115,200 18207




BT (Guard Time Before) Command

<Command Mode Options:> BT Command is AT Command: ATET

used to set the DI pin silence time that must Binary Command: 0x04 (4 decimal)

precede the command sequence character (CC ~ Parameter Range: 2 - OxFFFF

Command) of the AT Command Mode Sequence. [ 100 milliseconds]
Default Parameter Value: 0x0A& (10 decimal)

Refer to the AT Commands section [p19] to view Number of bytes returned: 2

the default AT Command Mode sequence. Related Commands: AT (Guard Time After), CC
(Command Sequence Character)

CC (Command Sequence Character) Command

<Command Mode Options:> CC Command is AT Command: ATCC

used to set the ASCII character to be used Binary Command: 0x13 (19 decimal)

between Guard Times of the AT Command Mode Parameter Range: 0x20 - Ox7F

Sequence (BT+ CC + AT). The AT Command Default Parameter Value: 0x2B (ASCIl "+" sign)
Mode Sequence activates AT Command Mode Number of bytes returned: 1

(from Idle Mode). Related Commands: AT (Guard Time After), BT

(Cuard Time Before)

Refer to the AT Commands section [p19] to view
the default AT Command Mode sequence.

CD (D03 Configuration) Command

<Command Mode Options> CD Command is AT Command: ATCD
used to redefine the behavior of the DO3/RX LED Binary Command: Ox28 (40 decimal)
line. Parameter Range: 0 - 2
Pa{,i%icer Configuration
0 RX LED
1 Default high
2 Default low
3 (reserved)
4 Assert only when packet
addressed to module sent

Default Parameter Value: 0

Mumber of bytes returned: 1

Minimum Firmware Version Required: 4.2B

CHN (Exit AT Command Mode) Command

<Command Mode Options:=> CN Command is AT Command: ATCN

used to explicitly exit AT Command Mode. Binary Command: 0x09 (9 decimal)

CS (D02 Configuration) Command

<Serial Interfacing> CS Command is used to AT Command: ATCS

select the behavior of the DO2 pin signal. This Binary Command: Ox1F (31 decimal)

output can provide RS-232 flow control, control Parameter Range: 0 - 4

the T){l enable signal (for RS-485 or RS-422 F‘a{;arlneter Configuration

operations), or set the default level for the I/O A= —

line passing function. 0 R5-232 CTS flow control
1 RS-483 TX enable low

By default, DOZ provides RS-232 CT5 (Clear-to- 2 high

Send) flow control. 3 RS-485 TX enable high
4 low

Default Parameter Value: 0

Mumber of bytes returned: 1

Related Commands: RT {DI2 Configuration), TO
(D02 Timeaout)

Minimum Firmware Version Required: 4.27D




CT (Command Mode Timeout) Command

<Command Mode Options> CT Command sets
the amount of time before AT Command Mode
terminates automatically. After a CT time of

inactivity, the modem exits AT Command Mode

and returns to Idle Mode. AT Command Mode can

also be exited manually using CN (Exit AT
Command Mode) Command.

DT (Destination Address) Command

AT Command: ATCT

Binary Command: 0x06 (6 decimal)

Parameter Range: Ox02 - OxFFFF
[x 100 milliseconds])

Default Parameter Value: 0xC8 (200 decimal,
20 seconds)

Number of bytes returned: 2

<Metworking> DT Command is used to set the
networking address of an XStream Modem.

- Modems uses three network layers -
Vendor Identification Number (ATID), Channels
(ATHP), and Destination Addresses (ATOT). DT
Command assigns an address to a modem that
enables it to communicate only with other

modems having the same addresses. All modems

that share the same Destination Address can
communicate freely with each other. Modems in

AT Command: ATDT

Binary Command: 0x00

Parameter Range: O - OxFFFF

Default Parameter Value: 0

Number of bytes returned: 2

Related Commands: HF {Hopping Channel), ID
(Modem VID), MK (Address Mask)

the same network with a different Destination Address (than that of the transmitter) will listen to
all transmissions to stay synchronized, but will not send any of the data out their serial ports.

EO (Echo Off) Command

<Command Mode Options> E0 Command turns
off character echo in AT Command Mode. By
default, echo is off.

E1 (Echo On) Command

AT Command: ATED

Binary Command: 0x0A (10 decimal)

<Command Mode Options> E1 Command turns
on the echo in AT Command Mode. Each typad
character will be echoed back to the terminal
when ATE1 is active. EO is the default.

ER (Receive Error Count) Command

AT Command: ATE]

Binary Command: 0x0B {11 decimal)

<Diagnostics> Set/Read the receive-error. The
error-count records the number of packets
partially received then aborted on 2 reception
error. This value returns to 0 after a reset and is
not non-volatile (Value does not persist in the
modem’s memory after a power-up sequence).
Once the "Receive Error Count” reaches its
maximum value (up to 0xFFFF), it remains at its
maximum count value until the maximum count

value is explicitly changed or the modem is reset.

FH (Force Wake-up Initializer) Command

AT Command: ATER

Binary Command: 0x0F (15 decimal)

Parameter Range: O - OxFFFF

Default Parameter Value: 0

Number of bytes returned: 2

Related Commands: GD (Receive Good Count)

<Sleep (Low Power)> FH Command is used to

force a Wake-up Initializer to be sent on the next

transmit. WR (Write) Command does not need to
be issued with FH Command.

AT Command: ATFH

Binary Command: 0x0D (13 decimal)

Use only with cyclic sleep modes active on remote modems.



FL (Software Flow Control) Command

<Senzl Interfacing> FL Command is used o
configure software flow control. Hardware flow
control is implemented with the XStream Modem
as the DO2 pin (CTS), which regulates when
serial data can be transferred to the modem. FL
Command can be used to allow software flow
control to also be enabled. XOM character used is
0x11 (17 decimal). XOFF character used is 0x13
(19 decimal).

FT (Flow Control Threshold) Command

AT Command: ATFL

Binary Command: 0x07 (7 decimal)

Parameter Range: 0 -1

Je LUz Configuration
Value 9
0 Disable software
flow control
1 Enable software
flow control

Default Parameter Value: 0

Number of bytes returned: 1

<Serial Interfacing> Set/Read the flow control
threshold. When FT bytes have accumulated in
the DI buffer, CTS is de-asserted or the XOFF

software flow control character is transmitted.

GD (Receive Good Count) Command

AT Command: ATFT

Binary Command: 0x24 (36 decimal)

Parameter Range: 0 - {Receiving modem DO
buffer size minus 0x11 bytes)

Default Parameter Value: Receiving modem DO
Buffer size minus 0x11

Number of bytes returned: 2

Minimum Firmware Version Required: 4.27B

<Diagnostics> Set/Read the count of good
received RF packets. Parameter value is reset to
0 after every reset and is not non-volatile (Value
does not persist in the modem’s memory after a
power-up sequence). Once the "Receive Good
Count” reaches its maximum value (up to
0xFFFF), it remains at its maximum count value
until the maximum count value is manually
changed or the modem is reset,

HP {(Hopping Channel) Command

AT Command: ATGD

Binary Command: 0x10 {16 decimal)

Farameter Range: 0 - OxFFFF

Default Parameter Value: 0

Number of bytes returned: 2

Related Commands: ER (Receive Error Count)

<Metworking> HP Command is used to set the
modem’s hopping channel number. A channel is
one of three layers of addressing available to the
XStream modem. In order for modems to
communicate with each other, the modems must
have the same channel number since each
network uses a different hopping sequence.
Different channels can be used to prevent
modems in one network from listening to
transmissions of another.

AT Command: ATHP

Binary Command: 0x11 {17 decimal)

Farameter Range: 0 -6

Default Parameter Value: 0

Number of bytes returned: 1

Related Commands: DT (Destination Address),
ID (Modem VID), MK (Address Mask)




HT (Time before Wake-up Initializer) Command

<<Sleep (Low Power)> If any modems within AT Command: ATHT

range are running in 2 "Cyclic Sleep” setting, a Binary Command: 0x03 (3 decimal)
wake-up initializer must be used by the
transmitting modem for sleeping modems to
remain awake [refer to the LH ("Wake-up
Initializer Timer") Command]. When a receiving
modem in Cyclic Sleep wakes, it must detect the
wake-up initializer in order to remain awake and
receive data. The value of HT Parameter tells the  Related Commands: LH (Wake-up Initializer
transmitter, "After a period of inactivity (no Timer), SM (Sleep Mode), ST (Time before
transmitting or receiving) lasting HT amount of Sleep)

time, send a long wake-up initializer”. HT

Parameter should be set to match the inactivity timeout [specified by ST (Time before Sleep)
Command] used by the receiver(s).

Farameter Range: 0 - OxFFFF
[x 100 milliseconds]

Default Parameter Value: 0xFFFF {means that
long wake-up initializer will not be sent)

Number of bytes returned: 2

From the receiving modem perspective, after HT time elapses and the inactivity timeout [ST
Command] is met, the receiver goes into cyclic sleep. In cyclic sleep, the receiver wakes once per
sleep interval to check for a wake-up initializer. When a wake-up initializer is detected, the
modem will stay awake to receive data. The wake-up initializer must be longer than the cyclic
sleep interval to ensure that sleeping modems detect incoming data. When HT time elapses, the
transmitter then knows that it needs to send a long Wake-up Initializer for all receivers to be able
to remain awake and receive the next transmission. Matching HT to the time specified by ST on
the receiving modem guarantees that all receivers will detect the next transmission.

ID (Modem VID) Command

<MNetworking> Set/Read the "Vendor AT Command: ATID
Identification Number”. Only modems with Binary Command: 0x27 (39 decimal)
matching IDs can communicate with each other.

dul h hi i ) Parameter Range (user-settable):
Modules with non-matching VIDs will not receive 0x10 — Ox7EEFE

unintended data transmission. (Factory-set and read-only)-

0xB8000 - OxFFFF

Number of bytes returned: 2

Minimum Firmware Version Required: 4.2B
{Previous versions did not support user—
settable VIDs)

LH (Wake-up Initializer Timer) Command

<Sleep (Low Power)> LH Command adjusts the AT Command: ATLH

duration of time for which the RF initializer is Binary Command: 0x0C (12 decimal)

sent. When receiving modems are put into Cyclic

) Farameter Range: 0 - OxFF
Sleep Mode, they power-down after a period of

[x 100 milliseconds]

inactivi specified by ST (Time before Slee
ty [sp Y ( P) Default Parameter Value: 1

Command] and will periodically awaken and listen

for transmitted data. In order for the receiving Number of bytes returned: 1

modems to remain awake, they must detect Related Commands: HT (Time before Wake-up

~35ms of the wake-up initializer. Initializer), SM (Sleep Mode), ST (Time before
Sleep)

LH Command must be used whenever a receiver
is operating in Cyclic Sleep Mode. This lengthens the Wake-up Initializer to a specific amount of
time (in tenths of a second). The Wake-up Initializer Time must be longer than the cyclic sleep
time that is determined by SM (Sleep Mode) Command. If the wake-up initializer time were less
than the Cyclic Sleep interval, the connection would be at risk of missing the wake-up initializer
transmission.

Refer to Figures 4.3 & 4.4 of the SM Command description to view diagrams of correct and
incorrect configurations. The images help visualize the importance that the value of LH be greater
than the value of SM.



MK (Address Mask) Command

<Networking> MK Command is used to set/read AT Command: ATMK

the Address Mask.
Binary Command: 0x12 (18 decimal)

All data packets contain the Destination Address

. Parameter Range: 0 - OxFFFF
of the transmitting modem. When an RF data

packet is received, the transmitter's Destination Defau.lt F‘grameter Value: OxFFFF
Address is logically "ANDed” (bitwise) with the (Destination address (DT parameter) of the
Address Mask of the receiver. The resulting value transmitting modem must exactly match the

destination address of the receiving modem.
must match the Destination Address or the 9 )
Address Mask of the receiver for the packet to be ~ Number of bytes returned: 2

received and sent out the modem’s DO serial Related Commands: DT {Destination Address),
port. If the "ANDed" value does not match either HP (Hopping Channel), 1D (Modem VID), MY
the Destination Address or the Address Mask of (Source Address)

the receiver, the packet is discarded. (all "0"
values are treated as "irrelevant” values and are ignored.)

NB (Parity) Command

<Serial Interfacing> Select/Read panty settings AT Command: ATNE

for UART communications. Binary Command: 0x232 (35 decimal)
Parameter Range: 0 -4
PELZTL?H Configuration

0 B—bi; (no parity or
7-bit (any parity)

1 8-bit even

2 8-hit odd

3 B-bit mark

4 8-hit space

Default Parameter Value: 0

Number of bytes returned: 1

Minimum Firmware Version Required: 4.27B

PC (Power-up to AT Mode) Command

<Command Mode Options= PC Command allows AT Command: ATPC

the modem to power-up directly into AT Binary Command: 0x1E (30 decimal)

Command Mode from reset or power-on. If PC Parameter Range: 0 - 1

Command is enabled with SM Parameter set to 1, P

i arameter Confi i
the DI3 Pin (SLEEP) can be used to enter the value oIguranon
modem into AT Commmand Mode., When the DI3 0 Power—up to Idle Mode
pin is de-asserted (low), the modem will Wake-up i Power—-up to
into AT Command Mode. This behavior allows AT Command Mode
modem DTR emulation. Default Parameter Value: 0

Number of bytes returned: 1

Minimum Firmware Version Required: 4.22




PW (Pin Wake-up) Command

<Sleep (Low Power)> Under normal cperation, a AT Command: ATPW

modem in Cyclic Sleep Mode cycles from an Binary Command: 0x1D (29 decimal)

active state to a low-power state at regular Parameter Range: 0 - 1

intervals until data is ready to be received. If the P

i . arameter fi .
PW Parameter is set to 1, the SLEEP/DI3 Pin can Value Configuration
be used to awaken the modem from Cyclic Sleep. 0 Disabled
If the SLEEP Pin is de-asserted (low), the modem 1 Enabled

will be fully operational and will not go into Cyclic "o it Parameter Value- 0

Sleep. Once SLEEP is asserted, the modem will Number of bytes returned: 1

remain active for the period of time specified by

. . Related Commands: SM (Sleep Mode), ST (Time
ST (Time before Sleep) Command, and will return (Sleep hSTT

before Sleep)

to Cyclic Sleep Mode (if no data is ready to be
Minimum Firmware Version Required: 4.22

transmitted). PW Command is only valid if Cyclic
Sleep has been enabled.

RE (Restore Defaults) Command

<Diagnostics> RE Command restores all AT Command: ATRE

configurable parameters to factory default

] i ) Binary Command: Ox0E (14 decimal)
settings. However, RE Command will not write

the default values to non-volatile (persistent) memory. Unless the WR (Write) Command is issued
after the RE command, the default settings will not be saved in the event of modem reset or
power-down.

RN (Delay Slots) Command

<Networking= RN Command is cnly applicable if AT Command: ATRN

retries have been enabled [RR (Retries)

. . i Binary Command: 0x19 (25 decimal)
Command], or if forced delays will be inserted

into a transmission [refer to TT (Streaming Limit) _"arameter Range: 0 - OxFF [slots]

Command]. RN Command is used to adjust the Default Parameter Value: 0 (no delay slots
time delay that the transmitter inserts before inserted)

attempting to resend a packet. If the transmitter o0 ok bytes returned: 1

fails to receive an acknowledgement after
sending a packet, it will insert a random number
of delay slots (ranging from 0 to (RN minus 1))

Related Commands: RR {(Retries), TT
({Streaming Limit)

before attempting to resend the packet. Each Minimum Firmware Version Required: 4.22

delay slot lasts for a period of 38ms.

If two modems attempted to transmit at the same time, the random time delay after packet
failure would allow one of the two modems to transmit the packet successfully, while the other
would wait until the channel opens up to begin transmission.

RO (Packetization Timeout) Command

<Senzl Interfacing> RO Command is used to AT Command: ATRO

specify/read the time of silence (no bytes Binary Command: 0x21 (33 decimal)

received) after which transmission begins. After a

serial byte is received and if no other byte is Parameter Range: 0 - OXFFFF [x 200 ps]

received before the RO timeout, the transmission  Default Parameter Value: 0

will start. Number of bytes returned: 2

Minimum Firmware Version Required: 4.2A4




RP (RSSI PWM Timer) Command

<Diagnostics> RP Command is used to enable a
PWM ("Pulse Width Modulation™) output on the
Config pin which is calibrated to show the level
the received RF signal is above the sensitivity
level of the modem. The PWM pulses vary from
zero to 95 percent. Zero percent means the
received RF signal is at or below the published
sensitivity level of the modem. The following
table shows levels above sensitivity and PWM
values.

AT Command: ATRP

Binary Command: 0x22 (34 decimal)

Parameter Range: 0 - Ox7F
[* 100 milliseconds])

Default Parameter Value: 0 (disabled)

Number of bytes returned: 1

Minimum Firmware Version Required: 4.2A4

The total period of the PWM output is 8.32 ms. There are 40 steps in the PWM output and

therefore the minimum step size is 0.208 ms.

Table 4-02. PWM Chart
dBm above Sensitivity PWM percentage (high period [ total period)
10 47.5%
20 62.5%
a0 T7.5%

A non-zero value defines the time that the PWM output will be active with the RSSI value of the
last received RF packet. After the set time when no RF packets are received, the PWM output will
be set low (0 percent PWM) until another RF packet is received. The PWM output will also be set
low at power-up. A parameter value of 0xFF permanently enables the PWM output and it will
always reflect the value of the last received RF packet.

PWM output shares the Config input pin. When the modem is powered, the Config pin will be an
input. During the power-up sequence, the Config pin will be read to determine whether the
modem is going into AT Command Mode. After this, if RP parameter is a non-zero value, the
Config pin will be configured as an output and set low until the first RF packet is received. With a
non-zero RP parameter, the Config pin will be an input for RP ms after power up.

RR (Retries) Command

Metworking> RR Command specifies the number AT Command: ATRR

of retries that can be sent for a given RF packet. Binary Command: 0x18 (24 decimal)

Once RR Command is enabled (set to a non-zero

value), RF packet acknowledgements and retries ~ Parameter Range: O - OxFF

are enabled. After transmitting a packet, the Default Parameter Value: O (disabled)

transmitter will wait to receive an

i Mumber of bytes returned: 1
acknowledgement from a receiver. If the

acknowledgement is not received in the period of Minimum Firmware Version Required: 4.22

time specified by the RN (Delay Slots) Command,
the transmitter will transmit the original packet again. The packet will be transmitted repeatedly
until an acknowledgement is received or until the packet has been sent RR times.

Mote: For retries to work correctly, all modems in the system must have retries enabled.

RS (RSSI) Command

<Diagnostics> RS Command returns the signal AT Command: ATRS

level of the last packet received. This reading is

o T Binary Command: 0x1C (28 decimal)
useful for determining range characteristics of the

¥Stream Modems under various conditions of Parameter Range: 0x06 - 0x36 [Read-only]

noise and distance. Number of bytes returned: 1

Once the command is issued, the modem will Minimum Firmware Version Required: 4.22

return a value between 0x6 and 0x36 where
0x36 represents a very strong signal level and 0x4 indicates a low signal level.



RT (DI2 Configuration) Command

<Serial Interfacing> RT command is used to AT Command: ATRT

dictate the behavior of the DI2/RTS/CMD line. RT  Binary Command: 0x16 (22 decimal)

Command must be issued to enable RT3 flow Parameter Range: 0 - 2

control or binary programming. Parameter _ _
Value Configuration
0 disabled
1 Enable Binary Programming
2 Enable ﬁ Flow Control

Default Parameter Value: 0

Number of bytes returned: 1

SB (Stop Bits) Command

SB Command is used to set/read the number of AT Command: ATSE

stop bits in the data packets. Binary Command: 0x36 (54 decimal)
Parameter Range: 0 -1
FTEIERD Configuration
Value
0 1 stop bits
1 2 stop hits

Default Parameter Value: 0

Number of bytes returned: 1

Minimum Firmware Version Required: 4.28B

SH (Serial Number High) Command

<Diagnostics> Set/Read the serial number high AT Command: ATSH

d of th dem.
wore of the modem Binary Command: 0x25 (37 decimal)

Parameter Range: 0 - OxFFFF [Read-only]

Number of bytes returned: 2

Related Commands: SL (Serial Number Low)

Minimum Firmware Version Required: 4.27C

SL (Serial Number Low) Command

<Diagnostics> Set/Read the serial number low AT Command: ATSH

word of the modem.
Binary Command: 0x26 (38 decimal)

Parameter Range: 0 - OxFFFF [Read-only]

Number of bytes returned: 2

Related Commands: SH (Serial Number High)

Minimum Firmware Version Required: 4.27C




SM (Sleep Mode) Command

<Sleep Mode (Low Power)> SM Command is
used to adjust Sleep Mode settings. By default,
Sleep Mode is disabled and the modem remains
continually active. SM Command allows the
modem to run in a lower-power state and be
configured in one of eight settings.

Cyclic Sleep settings wake the modem after the
amount of time designated by SM Command. If
the modem detects a wake-up initializer during
the time it i1s awake, it will synchronize with the
transmitter and start receiving data after the
wake-up initializer runs its duration. Otherwise, it
returns to Sleep Mode and continue to cycle in
and out of inactivity until the Wake-up Initializer
is detected. If & Cyclic Sleep setting is chosen,
the ST, LH and HT parameters must also be set
as described in the "Sleep Modes” section of this
manual.

Refer to the "Sleep Modes” section [p16] for
mere information.

ST (Time before Sleep) Command

AT Command: ATSM

Binary Command: 0x01

Parameter Range: 0- 8

Pa{lrzr?’:ier Configuration
0 Disabled
1 Pin Sleep
2 Serial Port Sleep
Cyclic 0.5 second sleep
3 {(Modem wakes every 0.5
seconds)
4 Cyclic 1.0 second sleep
5 Cyclic 2.0 second sleep
6 Cyclic 4.0 second sleep
7 Cyclic 8.0 second sleep
8 Cyclic 16.0 second sleep

Default Parameter Value: 0

Number of bytes returned: 1

Related Commands:

For Pin Sleep - PC (Power-up Mode), PW (Pin
Wake-up)

For Serial Port Sleep - ST (Time before Sleep)

For Cyclic Sleep - ST (Time before Sleep), LH
(Wake-up Initializer Timer), HT (Time Before
Wake-up Initializer), PW (Pin Wake-up)

<5Sleep Mode (Low Power)> ST Command sets
the period of time (in tenths of seconds) in which
the modem remains inactive before entering into
Sleep Mode. For example, if the ST Parameter is
set to 0x64 (100 decimal), the modem will enter
into Sleep mode after 10 seconds of inactivity (no
transmitting or receiving). This command can
only be used if Cyclic Sleep or Serial Port Sleep
Mode settings have been selected using SM
(Sleep Mode) Command.

SY (Time before Initialization) Command

AT Command: ATST

Binary Command: 0x02

Farameter Range: 0x10 - OxFFFF
[x 100 milliseconds]

Default Parameter Value: 0x64 {100 decimal)

Number of bytes returned: 2

Related Commands: SM (Sleep Mode), LH
(Wake-up Initializer Timer), HT (Time before
Wake-up Initializer)

<Metworking> S¥Y Command keeps a
communication channel open as long as modem
transmits or receives before the active connection
expires. It can be used to reduce latency in a
query/response sequence and should be set 100
ms longer than the delay between transmissions.

This command allows multiple XStream Modems
to share a hopping channel for a given amount of
time after receiving data. By default, all packets
include an RF initializer that contains channel

AT Command: ATSY

Binary Command: 0x17 {23 decimal)

Parameter Range: O - OxFF
[* 100 milliseconds]

Default Parameter Value: 0 (Disabled - channel
initialization information is sent with each RF
packet.)

Number of bytes returned: 1

information used to synchronize any listening receivers to the transmitter's hopping pattern.
Once a new modem comes within range or is powered on within range, it is able to instantly
synchronize to the transmitter and start receiving data. If no new modems are introduced into
the system, the synchronization information becomes redundant once modems have become

synchronized.



SY Command allows the modems to remove this information from the RF Initizlizer after the
initial synchronization. For example, changing the SY Parameter to 0x14 (20 decimal) allows all
modems to remain in sync for 2 seconds after the last data packet was received. Synchronization
information is not re-sent unless transmission stops for more than 2 seconds. This command
allows significant savings in packet transmission time.

Warning:

Mot recommended for use in an interference-prone environment. Interference can

break up the session and the communications channel will not be available again

until 5Y time expires.

With SY set to zero, the channel session is opened and closed with each transmission - resulting

in a more robust link with more |atency.

TR (Transmit Error Count) Command

<Diagnostics> TR Command records the number
of retransmit failures. This number is
incremented each time a packet is not
acknowledged within the number of retransmits
specified by the RR (Retries) Command. It
therefore counts the number of packets that were
not successfully received and have been dropped.

The TR Parameter is not non-volatile and will
therefore be reset to zero each time the modem
is reset,

TT (Streaming Limit) Command

AT Command: ATTR

Binary Command: 0x1B (27 decimal)

Parameter Range: O - OxFFFF

Default Parameter Value: 0

Number of bytes returned: 2

Related Commands: RR (Retries)

Minimum Firmware Version Required: 4.22

<Metworking> TT Command defines a limit on
the number of bytes that can be sent out before
a random delay is issued. TT Command is used to
simulate full-duplex behavior.

If 2 modem is sending a continuous stream of RF
data, a delay is inserted which stops its
transmission and allows other modems time to
transmit (once it sends number of bytes specified
by TT Command). Inserted random delay lasts
between 1 & ‘RN + 1" delay slots, where each
delay slot lasts 38ms.

VR (Firmware Version) Command

AT Command: ATTT

Binary Command: 0x1A (26 dacimal)

Parameter Range: 0 - OxFFFF (0 = disabled)

Default Parameter Value: OxFFFF (65535
decimal)

Mumber of bytes returned: 2

Related Commands: RN (Delay Slots)

Minimum Firmware Version Required: 4.22

<Diagnostics> Read the Firmware Version of the
¥Stream Modem.

WR (Write) Command

AT Command: ATVR

Binary Command: 0x14 {20 decimal)

Parameter Range: 0 - OxFFFF [Read-only]

Mumber of bytes returned: 2

<{Special)> WR Command writes configurable
parameters to the modem’s non-volatile memory
(Parameter values persist in the modem'’s

AT Command: ATWR

Binary Command: 0x08

memory until overwritten by future use of WR Command).

If changes are made without writing them to non-volatile memory, the modem reverts back to
previously saved parameters the next time the modem is powered-on.




Appendix A: Agency Certifications

FCC Certification

The | RF Modem complies with Part 15 of the FCC rules and regulations. Compliance with
the Iabeling requirements, FCC notices and antenna usage guidelines is required.

To fulfill the FCC Certification requirements, the OEM must comply with the following FCC
regulations:

1. The system integrator must ensure that the text on the external label provided with this
device is placed on the outside of the final product [Figure A.1 for 900 MHz operations or
Figure A.2 for 2.4 GHz operations].

2

The XStream RF Modem may be used only with Approved Antennas that have been tested
with this modem. [Table A.1 or Table A.2]

FCC Notices:

IMPORTANT: The (900 MHz) and . 1(2.4 GHz) OEM Modems have been certified by
the FCC for use with other products without any further certification (as per FCC section 2.1091).
Changes or modifications not expressly approved by MaxStream could void the user's authority to
operate the equipment,

IMPORTANT: OEMs must test their final product to comply with unintentional radiators (FCC section
15.107 and 15.109) before declaring compliance of their final product to Part 15 of the FCC Rules,

IMPORTANT: The XStream RF Modems have been certified for remote and base radio applications. If
the XStream will be used for portable applications, the device must undergo SAR testing.

This equipment has been tested and found to comply with the limits for a Class B digital device,
pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection
against harmful interference in a residential installation. This equipment generates, uses and can
radiate radio frequency energy and, If not installed and used in accordance with the instructions,
may cause harmful interference to radio communications. However, there is no guarantee that
interference will not occur in a particular installation. If this equipment does cause harmful
interference to radio or television reception, which can be determined by turning the equipment
off and on, the user is encouraged to try to correct the interference by one or more of the
following measures:

+ Re-orient or relocate the receiving antenna.
+ Increase the separation between the equipment and receiver.

+ Connect the equipment into an outlet on a circuit different from that to which the receiver is
connected.

+ Consult the dealer or an experienced radio/TV technician for help.



OEM Labeling Requirements

Label Warning

AWARNING The Criginal Equipment Manufacturer (OEM) must ensure that FCC labeling
requirements are met. This includes a clearly visible label on the outside of the
final product enclosure that displays the contents shown in the figure below.

Figure Al. Required FCC Label for OEM products containing 9XStream (900 MHz) RF Modem

Contains FCC ID: OUR9XSTREAM

The enclosed device complies with Part 15 of the FCC Rules. Operation is subject to the following
two conditions: (1) this device may not cause harmful interference and (2) this device must accept
any interference received, including interference that may cause undesired operation.

Figure A.2.  Required FCC Label for OEM products containing 24XStream (2.4 GHz) RF Modem

Contains FCC ID: OUR-24XSTREAM

The enclosed device complies with Part 15 of the FCC Rules. Operation is subject to the following
two conditions: (1) this device may not cause harmful interference and (2) this device must accept
any interference received, including interference that may cause undesired operation.

Antenna Usage

Antenna Warning

A WARNING: This device has been tested with Reverse Polarity SMA connectors with the
antennas listed in Tables A.1 & A.2 of Appendix A. When integrated in OEM
products, fixed antennas require installation preventing end-users from replacing
them with non-approved antennas. Antennas not listed in the tables must be
tested to comply with FCC Section 15.203 (unique antenna connectors) and Section
15.247 (emissions).

RF Exposure

A WARNING: This equipment is approved only for mobile and base station transmitting devices,
separation distances of (i) 20 centimeters or more for antennas with gains < 6 dBi
or (i) 2 meters or more for antennas with gains = & dBi should be maintained
between the antenna of this device and nearby persons during operation. To
ensure compliance, operation at distances closer than this is not recommended.

The preceding statement must be included as a CAUTION statement in manuals for OEM products
to alert users on FCC RF Exposure compliance.

| radio modems are pre-FCC approved for use in fixed base station and mobile
applications. As long as the antenna is mounted at least 20 cm (8 in) from nearby persons, the
application is considered a mobile application. If the antenna will be mounted closer than 20 cm
to nearby persons, then the application is considered "portable” and requires an additional test
performed on the final product. This test is called the Specific Absorption Rate (SAR) testing and
measures the emissions from the radio madem and how they affect the person.

Over 100 additional antennas have been tested and are approved for use with MaxStream 900
MHz Radio Modems (including "Mag Mount”, "Dome”, "Multi-path” and "Panel” antennas).
Because of the large number of approved antennas, MaxStream requests that you send specific
information about an antenna you would like to use with the modem and MaxStream will
evaluate whether the antenna is covered under our FCC filing.



European Compliance (2.4 GHz only)

The 24xStream has been certified for use in several European countries.

If the 24XStream modems are incorporated into a product, the manufacturer must ensure
compliance of the final product to the European harmonized EMC and low-voltage/safety
standards. A Declaration of Conformity must be issued for each of these standards and kept on
file as described in Annex II of the R&TTE Directive. Furthermore, the manufacturer must
maintain a copy of the XStream user manual documentation and ensure the final product does
not exceed the specified power ratings, antenna specifications, and/or installation requirements
as specified in the user manual. If any of these specifications are exceeded in the final product, a
submission must be made to a notified body for compliance testing to all required standards.

OEM Labeling Requirements

The "CE' marking must be affixed to a visible location on the OEM product.

Figure A3, CE Labeling Requirements

= {Taller than 5 mum}

The CE mark shall consist of the initials "CE" taking the following form:
s If the CE marking is reduced or enlarged, the propertions given in the above graduated
drawing must be respected.

s The CE marking must have a height of at least 5mm except where this is not possible on
account of the nature of the apparatus.

s The CE marking must be zffixed visibly, legibly, and indelibly.
Furthermore, since the usage of the 2400 - 2483.5 MHz band is not harmonized throughout
Europe, the Restriction sign must be placed to the right of the 'CE' marking as shown below. Sese
the R&TTE Directive, Article 12 and Annex VII for more information

Figure A4. CE Label Required on OEM Equipment : E @




Notifications and Required Information

Since the 2.4 GHz band is not harmenized throughout Europe, a notification must be sent to each
country prior to shipping product according to Article 6.4 of the R&TTE Directive. A list of
national contacts for most European countries may be found at www.ero.dk/.

The following technical data (relating to the 24XStream) is often required in filling out a
notification form.

 Frequency Band: 2400.0 - 2483.5 MHz

+ Modulation: Frequency Shift Keying

¢+ Channel Spacing: 400 kHz

* [TU Classification: 400KF1D

+ Qutput Power: 100 mW EIRP

¢ Notified Body Number: 0891

Contact MaxStream (801) 765-9885 if additional information is required.

Europe (2.4 GHz) Approved Antenna List

Table A3, Antennas approved for use with 24X5tream (2.4 GHz) RF Modems in Europe

Manufacturer Part Number Type Gain Application Mlnlmg?;tgs[:):ratlon
MaxSiream AZ4-HABMM-PEI Dipole 21 dBi FiraddMokils * 20em
MaixSiream A24-HBMM-PEL Dipole 21 dBi Firadhokile * 20em
MaxStraam A24-HABSM Dipote 2.1 dEi FixedMakils * 20cm
MaxStraam A24-0ABMM-PEl Monopals 1.9 dBi FixedMakils * 20cm
MaxStraam AZ4-CBMM-PEI Monopals 1.9 dBi FixedMakils * 20cm
MaxStream A24-01 Manogole 1.9 FixedMabile * 2em

* Can be approved for partable applications if integrator gains approval through SAR testing

IC (Industry Canada) Certification

Labeling requirements for Industry Canada are similar to those of the FCC. A clearly visible Iabel
on the outside of the final product enclosure must display the following text:

Contains Model 9XStream Radio (900 MHz), IC: 4214A-9XSTREAM
Contains Model 24XStream Radio (2.4 GHz), IC: 4214A 12008

Integrator is responsible for its product to comply with 1C ICES-003 & FCC Part 15, Sub. B -
Unintentional Radiators. ICES-003 is the same as FCC Part 15 Sub. B and Industry Canada
accepts FCC test report or CISPR 22 test report for compliance with ICES-003.



Appendix B: Development Guide

RS-232 Accessories Kit Contents

The accessories listed below are included with XStream RF Modems that carry the "-RA" suffix on
the product number. For example: Part number "X09-019PKC-RA" includes the listed accessories
and part number “X09-019PKC-R" does not. The accessories kit includes hardware and software
needed for developing long range wireless links. For testing the modem'’s range, MaxStream

recommends the purchase of one RF Modem with the accessories and one without.

Table B.1.  Accessories Kit Contents
ltem Qty. | Description Part Number
- . Familiarizes usars with some of the modem’s most y
CQuick Start Guide 1 S ——— MDDO13
- Contains documentation, software and tools needed for
D ! RF operation. MOD030
1| Long Range RF Modem with RPSMA Connector X03...or
R3-232/485 RF Madem grang ' K19...
Antenna 1 RFSMA, 6" Half-Wave, dipole, articulating AD9-HASM-ETS

Serial Loopback Adapter

Connects io the female RS-232 (DB-9) serial connactor of
the Interface Board and can be used to configurs the
modam to function as a repeater (for range tesfing)

JO203-COL-A

NULL Modem Adapter

Connects to the famale RS-232 (DB-9) sefial connactor of
the Interface Board and can be used to connect the

JO202-CON-A

power sUpply

(male-to-male) modam to ancther DCE (female DBS) device

NULL Modem Adapter Used to bypass radios to verify serial cabling is AP
[female-to-female) ! functioning progery JD303-CON-A
Male DE-9 to RJ-45 i Facilitates adapting the DB-9 Connactar of the Interface JE1D2-COAA
Adapter Board to a CATS cable (male DBY to female RJ45) '
Female DE-8 to RJ-45 1 Facilitates adapting the DE-4 Connactar of the Interface JEID3-CDA-A
Adapter Board 1o a CATS cable (femalz DB to female R.J45) )
Power Adapter 1 Allows Interface Board to be powsred by 2 110 Volt AC JPAP2-9\V10-6F

RS-232 Cable (§)

Connects interface board to devices having an RS-232
sefial port

JO203-COS-6F




Adapters

The XStream Development Kit comes with several adapters that support the following functions:
= Performing Range Tests (Serial Loopback)
« Connecting to other RS-232 DCE and DTE devices {Male-to-Male NULL modem)
» Testing Cables (Female-to-Female NULL modem)
+ Connecting to terminal blocks or RJ-45 (for RS-485/422 devices)

Serial Loopback Adapter

Part Number: 1D2D3-CDL-A (Red, DB-9 M-F) The serial loopback adapter is used for range
testing. During a range test, the serizal loopback adapter configures the radio modem to function
as a repeater by looping serial data back into the radio for retransmission.

Figure B.1.  Serial loopback adapter and pinouts

Pinouts:
P2

mn 1 fin 1
pin 2 pin 2
P1 o3 1 s
@i 4 pin 4
o pin 5 e KE=—{ pin §
pin & pin &
b pn T — 4 pin7?
ot s |—1 L ons
BN S —nT KC—{ pin %

MC = MO Connoction

NULL Modem Adapter (male-to-male)

Part Number: 1D2D2-CDN-A (Black, DBE-9 M-M) The male-to-male NULL modem adapter is used
to connect two DCE devices. A DCE device connects with a straight-through cable to the male
serial port of a computer (DTE).

Figure B.2.  Male NULL modem adapter and pinouts

TUp View P1 Pinouits: P2

polE — pin 1,6
pic _________—,:.-.{ S
i P = - R €
pin 3 —

pin 3
pn 5 pin §
pn 7 pin 7
N e,

Figure B.3. Example of a Max5Stream Radio Modem (DCE Device) connecting to another DCE device)

male-to-male
RS-232 cable - KULL modem adapter
O ) - =
1o\ /%= = )
Camputer (OTE) Two AF Madems {DCE) Target Device (DCE)

NULL Modem Adapter (female-to-female)

Part Number: JD3D3-CDN-A (Gray, DB-9 F-F) The female-to-female NULL modem adapter is
used to verify serial cabling is functioning properly. To test cables, insert the female-to-female
NULL modem adapter in place of a pair of modem assemblies (XIB-R-R interface board +
XStream Medem) and test the connection without radio modems in the connection.

Figure B.4.  Female NULL modem adapter and pinouts

Top View p1  Pinouts: P2
Pi pin LB — ] pin 1,6

For use in R5-485/422 systems: Bin 4 — B
DB-9 to RJ-45 adapters are p— B2 e #i2
illustrated an pl1. pinE pin 3
L pin & pin &
pin 1 pinn T }_{_— pin ¥
pin & ——— pinE




Antennas

[Refer to Appendix A for a list of FCC-Approved Antennas]
Factors that determine wireless link range:

+ Ambient RF noise (interference)

s Line-of-sight obstructions

s+ Transmit power

» Receive sensitivity

+ Antenna configuration

» XStream Antenna Connector Options

To comply with the FCC rules and cbtain a "modular” certification, it is required that XStream
Modems utilize a "non-standard” connector. This is to ensure the modems are used only with
approved antennas.

RPSMA

The Reverse Polarity SMA (RPSMA) connector uses the same body as

a regular SMA connector. In order to be a "non standard” connector, /
the gender of the center conductor is changed. The female RPSMA

actually has a male center conductor.

Antenna Cables

RF cables are typically used to connect a radio installed in a cabinet to an antenna mounted
externally. As a general rule, it is best to keep the RF cable as short as possible. All cables
promote signal loss which is usually measured in dB loss per 100 ft. MaxStream provides LMR-
195 rated cables. Common cables and dB losses are included in this table:

Table B.2.  Potential Signal Strength Loss due to Antenna Cable Length

Cable Loss at 900 MHz per 100° Loss at 2.4 GHz per 100° Diameter
Type (loss per 100m) (loss per 100m])

RG-38 14.54dB (47 4 dB) 25.3 0B (83.2dB) 0207 {4.95 mm)
RG-174 25.8dB (85.0dB) 444 B (1458 dB) 0.107 (2.54 mm)
RG-316 24.7 B (81.0dB) 424 B (139.0dB) 0107 (2.59 mm)
LMR-195 11.1dB (36.5dB) 19.0dB (62.4 dB) 0207 {4.95 mm)
LiMR-240 7.6d3 (24.8dB) 12948 (42.4dB) 024" {6.10 mm)
LMR-600 25d8 (B.24dB) 4408 (14.56B) 0.58” (15.0 mm)




MECHANICAL DIMMENSIONS
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HOW TO ORDER

PRODUCT FREQ. DATA RATE PART NUMBER
MODULE(0-70 deg c) 2.4GHZ 9600Baud BZM24C09
MODULE(0-70 deg ¢) 2.4GHZ 19200 Baud BZM24C19
MODULE(0-70 deg ¢) 900MHZ 9600 Baud BZM09C09
MODULE(0-70 deg ¢) 900MHZ 19200 Baud BZMO09C19
MODULE(-40-85 deg ¢) | 2.4GHZ 9600Baud BZM24109
MODULE(-40-85 deg ¢) | 2.4GHZ 19200 Baud BZM24119
MODULE(-40-85 deg ¢) | 900MHZ 9600 Baud BZM09109
MODULE(-40-85 deg ¢) | 900MHZ 19200 Baud BZM09119
DEVELOPMENT KIT |2.4GHZ 9600Baud BZK2409
DEVELOPMENT KIT |2.4GHZ 19200 Baud BZK2419
DEVELOPMENT KIT |900MHZ 9600 Baud BZK0909
DEVELOPMENT KIT | 900MHZ 19200 Baud BZK0919




