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As shown in Figure 5.5.3, there is a jumper on pins J14. This jumper can be removed and a current meter
connected across J14 to measure just the DNT2400’s current consumption during operation.

Figure 5.5.3
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There are three serial connectors on the interface boards, as shown in Figure 5.5.4. The RJ-45 connector
provides a high-speed RS232 interface to the DNT2400P’s main serial port. The USB connector provides
an optional interface to the radio’s main serial port. The RJ-11 connector provides a high-speed RS232
interface to the radio’s diagnostic port. The DNT Demo utility program runs on the radio’s main port.

Figure 5.5.4

Many desktop PCs have a built-in serial port capable of operation at 9.6 kb/s. The kit can be run satisfac-
torily at the 9.6 kb/s data rate, but not at its fastest throughput. Use the RJ-45 to DB-9F cable assemblies
for serial port operation.

Optionally, the kit development boards can be run from USB ports. Plugging in the USB cable automati-
cally switches operation from the RJ-45 connector. The USB interface is based on an FT232RL serial-to-
USB converter IC manufactured by FTDI. The FT232RL driver files are located in the i386 and AMD64
folders on the kit CD, and the latest version of the drivers can downloaded from the FTDI website,
www.ftdichip.com. The drivers create a virtual COM port on the PC. Power the Base using one of the
supplied wall-plug power supplies. Next connect the Base to the PC with a USB cable. The PC will find
the new USB hardware and open a driver installation dialog box. Enter the letter of the drive holding the
kit CD and click Continue. The installation dialog will run twice to complete the FT232R driver installation.

5.6 DNT Demo Utility Program

The DNT Demo utility requires only one PC for initial kit operation and sensor applications (ADC, PWM
and digital 1/0). Two serial/USB ports are required for bidirectional serial communications. Section 5.6.1
below covers using the DNT Demo utility for initial kit operation and familiarization. Section 5.6.2 covers
serial message communication and radio configuration.
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5.6.1 Initial Kit Operation

Create a file folder on the PC and copy the contents of the kit CD into the folder.

The DNT Demo utility program runs on the radio’s main port. The preferred PC interface is a serial port
capable of operating at 9.6 kb/s or faster. As discussed above, the USB interface can also be used.
Connect the Base to the PC and power up the Base and the Remote development boards using the wall-
plug power supplies.

The DNT Demo utility program is located in the PC Programs folder. The DNT Demo requires no
installation and can be simply copied to the PC and run. Start the DNT Demo on the PC. The start-up
window is shown in Figure 5.6.1.1.
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Figure 5.6.1.1

Copyright © Murata Manufacturing Co., Ltd. All Rights Reserved. 2011

DNT2400 10/25/16

70 of 100

www.murata.com



Click on Connect to open the Select Comm Port Settings dialog box, as shown in Figure 5.6.1.2. Set the
baud rate to 9600 (9.6 kb/s). Set the CommPort to match the serial port connected to the Base, either the
hardware port or the USB virtual serial port. Then click OK to activate the serial connection.

Bl Select Comm Port Settings

Comm Port [m

%
Parity [W

Stop Bits [1____3

Auto Detect m

Baudrate [9600

-1l

ok |

Cancel I

Select Settings

Figure 5.6.1.2

At this point the Demo will collect data from the Base, filling in data in the Local Radio column on the
Demo window as shown in Figure 5.6.1.3. The Status Window should also show that the Remote has
joined the Base. Click on the drop-down box at the top of the Radio 1 column and select the MAC
Address for the Remote. Next press the Start button using the default 1 second Refresh Delay.

B DNTDemo e (o] x]
Eile @ptiois Hele
1/@ Teels I Transmit Teels I
= —Radie —Madie £
MAC Address [ggggg Ll l L‘ 1 j
UserTag | [DNT2100 [E— B |
Status IW I l
i ] 0 0 0 0 0 0
Switch 0 (GPICO) |1 (it | [ B | | [ Ol | I (il | I Il |
GFI01 |D (irwut] | | | I
LED 8 (GPIC2) Iu gt | | | |
LED 1 (GFIC3) Il oin I I I
Themiser (ADCT) | [0x0213 [ [ % — -
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PwMD | [oxe00 [ | - - -
rwH1 | [e0001 | — | I -
H°f'138h Darleeel | 15 pel Madie ¥ FelRado  MSSI % | @7 PelRadic  MSSI % | 7 PalRado  MSSI % | [0 PolRado 3881 %
= r 3 - : r
Status Window |
Base: A remete has jeinec me. The remele MAC Address is ; 00009C ;I
Dliscennect I
=l

Connected %o Device

Figure 5.6.1.3
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The Demo will display updated data on the Remote in the Radio 1 column, including bar graphs of RSS!/
signal strength in dBm and percent packet success rate, as shown in Figure 5.6.1.4. Adjusting the large
pot on the Remote can be observed on the Potentiometer (ADC1) row.

B DNTDemo o x|
Eilm @ptiens Helw
1/8 Tesls ] Transmit Tnlsl |
~Lecal Madie “Padio 1 R adio 2 Radio 3— R adio |.
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UserTag | [DNT2400 [pNT2400 | | ) |
Status IConnecled lLinked I l 1
-48 100 0 0 (T LAY (ThE ]
Switch0 GPICE) | [1 it [ (rput) il BN BB
GPIO1 |U (input] | (Inmuit)
LED' @ (GPIC2) |0 (rout) | (Input)
LED 1 (GPIC3) 'U fTonri) |l (Input)
Themiser (4DC8) | [0x0213 [tz
Pet=ntiemea:er (ADC1) |DH0273 |DHD1ED
PwWHMO [DHDUD] liDDDD
MyM1 [lxlll] iDHDUDD
Rafrash Dzl % ’ 3 e : =i L \ =R
°|'1°Sh$y_ﬁ°°] 7 Pol Riadie [ FelRada  RSSI % | I FolRado  RSSI % | [ PalRade  RSSI % | I PelRade 3551 % i
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Stat —l g I I q | |
Status Window |
Baze: A remete has jeinec me. The remele MAC Address is : 00008C ;l |
Discennect ‘
=l |
|
|

Cennected v Device

Figure 5.6.1.4

To perform serial data loop back testing with the kit, move the two jumpers on the Remote board labeled
Ext_TX and Ext_RXto connect the center and right header pins. This disconnects the module's TX and
RX pins from the USB and RS-232C circuits. Use a banana clip or other short jumper to connect together
the two pins on the header labeled J11 (Ext_MICRO). See Figure 5.6.1.5. Attempting loop back testing by
connecting Pins 2 and 3 of the DB9 serial connector can cause erratic behavior due to noise coupling
from the serial TX and RX lines into the weakly pulled up flow control lines on the board.

oJJt
LT £

Il IIHII |I I I|IIIIIIII|III it

HAPPY Dvidd

!60000 v d00v21Nd
Move Ext_TX
and Ext_RX

Figure 5.6.1.5
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In order to turn off the DCD LED (D4) on the development board in sleep mode, the GPIO_ SleepState
parameter in the DNT2400P has been set to 0xCO0 rather than the factory default value of 0x00. If the
DNT2400P is reset to its factory defaults, the DCD LED with remain on in sleep mode until the GPIO_
SleepState is set to 0xCO. See Section 4.2.7 for additional information on the GPIO_SleepState
parameter.

If any difficulty is encountered in setting up the DNT2400DK development kit, contact RFM’s module
technical support group. The phone number is +1.678.684.2000. Phone support is available from 8:30 AM
to 5:30 PM US Eastern Time Zone, Monday through Friday. The E-mail address is tech_sup@rfm.com.

5.6.2 Serial Communication and Radio Configuration
Connect PCs to both the Base and the Remote for serial communication testing. Click the Stop button

under the Refresh Delay label on the I/O Tools tab and move to the Transmit Tools tab, as shown in
Figure 5.6.2.1.

BDNTDemo - =10 x|
Eile @ptiens Help |
1/@ Teels Transmit Teels l

MAC Addres: ReceivedData Rse | ||
LLIT LI (TS 15~ a"rEst 28z a

[ L 1] I=]s} Thid 95 & tcas 197 |
00009C  |Thi: is a test 20€

00009C  |This is a test 204
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[~ HexMede [~ Screll Resltime Clzar Screen'

Transmit Interval (sec) MAC Address Data ts Transmit
[ [oosesc - [This is a test
% Datair ASCI Trarsmt_| |
|
Baze: A remete has jeinec me. The remele MAC Addressis : 000@SC _‘{
Discennect I
Cennected to Device
Figure 5.6.2.1

Pressing the Transmit button on this screen sends the message in the Data to Transmit text box to the
selected MAC Address. Note that the MAC address a remote uses for the base is always 0x000000.
Data sent to the local radio is displayed in the Received Data text box. Received data can be displayed
as ASCII (default) or in Hexadecimal format by checking the Hex Mode check box. When the Transmit
Interval is set to zero, Data to Transmitis sent once when the Transmit button is clicked. When the
Transmit Interval is set to a positive number, Pressing the Transmit button once will cause a transmission
each transmit interval (seconds) until the button is pressed again.
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Returning to the I/O Tools tab, the multi-tab Configuration window for each radio can be accessed by
clicking on its Config button. The data presented on the first six tabs corresponds to configuration register
Banks 0 through 5 as discussed in Section 4.2 above, with the data on the next two tabs corresponding to
configuration register Bank 6, the data on the next tab corresponding to Bank 7, the data on the following
two tabs corresponding to Bank 8, and the data on the last tab corresponding to Bank 9.

Bl Config B-

Tranceiver Setup |Syslem] Slatusl Serial I Protocoll 170 Peripheralsl 170 Selup! 170 Selupl Auth Listl Reuting Tablei Reuting Tahle] Hegisteredl

Device Mode
[E ase 3

RE Data Rate
IAulo E
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[ox00Cs
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[osFF
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Wake Response Time
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TX Power

|0 dBm » I Teggle
Sleep Mode

[or =1 [DNT2400

Security Key

[Disabled =] [+001
Remote Trans Dest Addr Event Destination Addr Tree Routing Sys ID
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Wake Link Timeout
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User Tag

External Sync

foooooo

Tree Routing Enable
IDisabled E

Base Network ID
v 0xFF

Perferred Address
| 0xFF

Heartbeat Interval

0x00

Apply Changes |

Refresh I

Default |

Figure 5.6.2.2

The Transceiver Setup Tab is shown in Figure 5.6.2.2 and corresponds to Bank 0. The current values of
each Bank 0 parameter are displayed and can be updated by selecting from the drop-down menus or
entering data from the keyboard, and then pressing the Apply Changes button. Note that data is
displayed and entered in Big-Endian order. The Demo automatically reorders multi-byte data to and from

Little-Endian order when building

or interpreting messages.

Config ] -

Tranceiver Setup  System IStatusl Serial ' Putocol' 178 Peripheralsl 120 Setupl 1/0 Setupl Auth Listl Reuting Tablel Reuting Table | Registered
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Figure 5.6.2.3

Figure 5.6.2.3 shows the System tab contents, corresponding to Bank 1. The current values of each
parameter are displayed and can be updated by selecting from the drop-down menus or entering data
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from the keyboard, and then pressing the Apply Changes button. Note that Bank 1 holds configuration
parameters for the base only except for ARQ_Mode, which applies to both the base and the remotes.

Config —

TranceiverSetupl System  Status |Serial I Pul.coll 170 Peripheralsl 1/0 Setupi 1/0 Selup] Auth Listl Reuting Tablel Reuting Table] Registered
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OxFF
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0xF3
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O=FFFF

Apply Changes I
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Figure 5.6.2.4 shows the Status tab contents, corresponding to Bank 2. Note the Status tab contains

read-only parameters.

hrie

TranceiverSelupl Systcml Status  Serial IF'mocoll 170 Pelipherals] 120 Setupl 1/0 Setupl Auth Listl Reuting Table | Reuting Table| Registered

Baudrate

[3e00 |

Parity

[NONE ]

Stop Bits

1 -

Figure 5.6.2.4

rDTR Base DCD

" Ignore DTR {" Base Assert DCD upon power up

& Obey DTR (+ Base Assert DCD with at least 1 remote
RIS — =

" Ignore RTS

& Obey RTS

Apply Changes |

Refresh I

Default |

Figure 5.6.2.5

Figure 5.6.2.5 shows the Serial tab contents corresponding to Bank 3. The values shown are the defaults
for serial port operation.
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Bl config

TlanceiverSetupI Systemi Stalusl Serial  Protocol |I./D Periphera]sl 120 Selupl 170 Setupl Auth Listl Routing Table] Routing Table] Registered
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Figure 5.6.2.6

Figure 5.6.2.6 shows the Protocol tab contents, corresponding to Bank 4. Transparent data serial com-
munication is currently chosen.

Bl Config E

TranceiverSelupI Sysleml Slatusl Serial I Protocal  1/0 Peripherals ]I/El Setupl 170 Selupl Auth Listl Routing Tablel Routing Tahle' Registered
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Apply Changesl Refresh I Default l

Figure 5.6.2.7

Figure 5.6.2.7 shows the I/O Peripherals tab contents, corresponding to Bank 5. GPIO ports 1 through 5
are logic low, GPIO port 0 is logic high. The 10-bit ADC input readings and PWM output settings are
given in Big-Endian byte order. Event flags are presented on the right side of the window.
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4

TranceiverSekupl Systeml Slalusl Serial ] F’rolocoll 1/0 Peripherals 170 Setup | 120 Selupl Auth Listl Routing Tahle] Routing Tablel F\‘egisleredl

GPIO Direction GPIO Init GPIO Interruptible GPIO Edge Trigger GPIO Sleep Direction Sleep 1/0 State

GPIO0 & [nput ¢ Output ,U_ ¥ Interruptible [ﬁm & Input " Output lu_
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GPI02 & Input ¢ Output [U_ [ Interruptisle [m & |nput ¢ Output IU_
GPIO3 & Input ¢ Output [U_ [ Interuptisle [’mﬂ @ |nput  Output l[j_
GPIO4 & |nput ¢ Output IU_ & Input " Output lg_
GPIOS & Input ¢ Output [l_ & |nput ¢ Output I[]_
RADIO_TXD o
CTS/DCD o

GPIO Alt Function 1/0 Reporting Interval
{0x00 [o:00000823

[ Periodic Report Timer I Use Sleep 1/0 States

Apply Changes I Refresh |

Figure 5.6.2.8

Default |

Figure 5.6.2.8 shows the first //O Setup tab contents, corresponding to Bank 6 GPIO parameters. This tab
allows the direction of the GPIO ports to be set both for active and sleep modes, and in the case of GPIO
outputs, the initial power up states and sleep mode states to be set. When GPIO ports 0 - 3 are config-
ured as inputs, event interrupts can be set for them with check boxes. The type of interrupt trigger is
selected from the drop-down boxes to the right of the check boxes. GPIO alternate function, periodic 1/O
reporting, reporting interval and enable/disable sleep 1/O states can also be specified under this tab.

Biconfig

TlanceiverSelupl Syslemi Slalusl Serial I Pmlocoll 120 Peripheralsl 1/@ Setup 10 Setup !Aulh Lisll Routing Tablel Routing Table‘l Registered
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lﬂxlll. I.Hllll IUK””
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IUKI?;FF [OxI3FF 0=03FF

i~ ADCS Trigger I~ ADC1 Trigger {— ADC2 Trigger
ADC Sample Interval PWMO Init PWM1 Init
10}::”'1 [Oxllll IUK”I'

170 Predelay 1/0 Repeat Count

[0x00 foxw1

Apply Changes I

Refresh |

Default |

Figure 5.6.2.9

Figure 5.6.2.9 shows the second //O Setup tab contents, corresponding to Bank 6 ADC input and PWM
output parameters. The ADC sampling interval, high and low thresholds for event reporting and event
reporting triggers on each ADC channel can be set, along with the start-up output values for each PWM
(DAC) channel. The event reporting predelay and repeat count parameters can also be set from this tab.
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Config e
Tranceiver Setup I System i Status I Serial I Protocol I 170 Peripherals I 170 Setup I 1/0 Setup  Auth List I Routing Table i Routing Table | Registered

Approved Addr0 Approved Addr4 Approved Addr8 Approved Addr12
{FFFFFF |FFFFFF |FFFFFF |FFFFFF

Approved Addrl Approved Addi5 Approved Addr9 Approved Addr13
|FFFFFF |FFFFFF |FFFFFF |FFFFFF

Approved Addr2 Approved Addib Approved Addr10 Approved Addr14
|FFFFFF |FFFFFF |FFFFFF |FFFFFF

Approved Addr3 Approved Addi7 Approved Addrl1 Approved Addr15
|FFFFFF [FFFFFF |FFFFFF |FFFFFF

Apply Changes] Refresh I Default i

Figure 5.6.2.10

Figure 5.6.2.10 shows the Auth List tab, where the MAC addresses of the remotes authorized to join the
network in AuthMode 1 are input into Bank 7.

A Config racal q
Tranceiver Setupl Syslemi Slalusl Serial I F'rotocoll 120 Peripheralsl 170 Selupl 170 Sekupl Auth List  Routing Table | Rauting Tablel Hegisteredl

Active Router ID 0 Active Router ID 6 Active Router ID 12 Active Router ID 18 Active Router ID 24 Active Router ID 30
0=FF OxFF OxFF OxFF 0xFF 0=FF

Active Router ID 1  Active Router ID 7 Active Router ID 13 Active Router ID 19 Active Router ID 25 Active Router ID 31
0=FF OxFF 0OxFF 0xFF 0xFF 0=FF

Active Router ID 2 Active Router ID 8 Active Router ID 14 Active Router ID 20 Active Router ID 26 Active Router ID 32
0=FF OxFF OxFF OxFF 0=FF 0=FF

Active Router ID 3 Active Router ID 9 Active Router ID 15 Active Router ID 21 Active Router ID 27 Active Router ID 33
0=FF 0OxFF 0xFF 0xFF 0=FF 0=FF

Active Router ID 4 Active Router ID 10 Active Router ID 16 Active Router ID 22 Active Router ID 28 Active Router ID 34
0=FF DxFF OxFF DxFF O=FF 0=FF

Active Router ID 5 Active Router ID 11 Active Router ID 17 Active Router ID 23 Active Router ID 29 Active Router ID 35
0=FF 0xFF 0OxFF OxFF 0xFF 0=FF

Refresh | Default |

Figure 5.6.2.11

Apply Changes |

Figure 5.6.2.11 shows the first Routing Table tab, which displays part of the contents of Bank 8. This
bank contains the tree-routing active router ID table, which is maintained by a base for its system. It
describes the organization of all active routers in the system. This table is used by the base and the
routers to determine which direction to send a packet.

Copyright © Murata Manufacturing Co., Ltd. All Rights Reserved. 2011

DNT2400 10/25/16 78 of 100 www.murata.com



Bl Config " —

TranceiverSelupl Systeml Stalusl Serial I Prolocoll 170 Peripheralsl 1/0 Setupl 170 Selupi Auth List| Routing Table Routing Table | Registered

Active Router ID 36 Active Router ID 42 Active Router ID 48 Active Router ID 54 Active Router ID 60
0xFF 0xFF 0xFF OxFF 0xFF

Active Router ID 37 Active Router ID 43 Active Router ID 49 Active Router ID 55 Active Router ID 61
0=FF 0=FF 0=FF 0=FF 0=FF

Active Router ID 38 Active Router ID 44 Active Router ID 50 Active Router ID 56 Active Router ID 62
0xFF 0xFF 0xFF 0xFF 0xFF

Active Router ID 39 Active Router ID 45 Active Router ID 51 Active Router ID 57 Active Router ID 63
0xFF OxFF OxFF OxFF 0xFF

Active Router ID 40 Active Router ID 46 Active Router ID 52 Active Router ID 58
0xFF 0xFF 0xFF 0xFF

Active Router ID 41 Active Router ID 47 Active Router ID 53 Active Router ID 59
0xFF 0xFF 0xFF 0xFF

Apply Changesl Refresh I Default i

Figure 5.6.2.12

Figure 5.6.2.12 shows the second Routing Table tab, which displays the rest of the contents of Bank 8.

4

TranceiverSetupI Systeml Slatusl Serial | Prolocoll 1/@ Peripherals | 1/0 Setup | 1/0 Selupl Auth Lisll Routing Tablel Routing Table Registered I

MAC Address 0 MAC Add 6 MAC Add 12 MAC Address 18 MAC Address 24 MAC Address 30
9C0000 000000 000000 000000 000000 000000
MAC Address 1 MAC Add 7 MAC Add 13 MAC Address 19 MAC Address 25 MAC Address 31
000000 000000 000000 000000 000000 000000
MAC Address 2 MAC Add 8 MAC Add 14 MAC Address 20 MAC Address 26 MAC Address 32
0oeces 000000 000000 000000 000000 000000
MAC Address 3 MAC Address 9 MAC Address 15 MAC Address 21 MAC Address 27 MAC Address 33
000000 000000 000000 000000 000000 000000
MAC Address 4 MAC Address 10 MAC Address 16 MAC Address 22 MAC Address 28 MAC Addiess 34
000000 000000 000000 000000 000000 000000
MAC Address 5 MAC Address 11 MAC Address 17 MAC Address 23 MAC Address 29
000000 000000 oooeea 000000 000000

Apply Changesl Refresh I Default |

Figure 5.6.2.13

Figure 5.6.2.13 shows the Registered tab, which displays the first seven parameters in Bank 9. This bank
holds the MAC addresses of all radios registered to a base or router. Up to 126 MAC addresses can be
registered. Each bank parameter can hold up to five MAC addresses, with each MAC address containing
three bytes. Three-byte segments in a parameter not holding a MAC address with hold a null address:
0x000000. In a remote, this bank will contain only null addresses.
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5.7 DNT Wizard Utility Program

DNT Wizard is a complementary program to DNTDemo that emphasizes the details of serial commu-
nication between a DNT2400 and its host computer. The DNT Wizard start-up window is shown in
Figure 5.7.1.

B DNTWizarel = q

Eile View Teels Help

Current Settings Receive Data ' Transmit .alal Wincam |

MAC Address Received Bata R®S5| (dBm) |

3

Device Mode Device Mode
Network ID Network [B

MAC Address MAC Address
Output Power Output Power
RF Data Rate RF Bata Rate

Firmware Version Fimware Versien

Pefresh

Config |

Status Window
Upgrade | [ [F=

Clear CT5. | Clear BCD |

BN Changes=0 _DCD_Changes =0

Figure 5.7.1

——

DNT Wizard uses three Function keys:

F1 toggles the SLEEP/DTR input to the DNT2400 on and off. This allows the DNT2400 to be reset.
F2 toggles the RTS input to the DNT2400 on and off, providing manual flow control.
F6 toggles test transmissions on and off. The test message is “This is a test”.

DNT Wizard also includes the ability to log messages to and from the DNT2400. This feature is especially
useful in confirming the format of protocol command and reply messages. Control of the log file is under
the View menu. Logging is enabled by default. The log file created is logfile.dat, and is in ASCII text
format. An example log is shown at the end of this section.
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Click on Connectto open the Select Comm Port Settings dialog box, as shown in Figure 5.7.2. Set the
baud rate to 9600 (9.6 kb/s). Set the CommPort to match the serial port connected to the Base, either the
hardware port or the USB virtual serial port. Then click OK to activate the serial connection.

Comm Port ICDM1-.K ZI

Baudrate [$600 =]
Paiity [NONE =]
Stop Bits [1 -]

Auto Detect IFALSE 3

oK | Cancel I

Select Settings
Figure 5.7.2

At this point the Wizard will collect data from the Base, filling in data under Current Settings as shown in
Figure 5.7.3. The Status Window should also show that the Remote has joined the Base.

B DNTWizard =

Eile  View Tesls Help

Receive Data I Transmit Data | Wincom I

Current Settings ;
MAC Address Received Data RSS! (dBm) |

s

Device Mode Base
Network ID 0x00
MAC Address 00:00:98
Output Power 0 dBm
RF Data Rate 500k

Firmware Version 1.7

Refresh |
Conifig ]

(£l

Status Window
Upgrade | Base: A remote has joined me. The remate MAC Address is ; 00003C ;]

Clear CTS ] Clear DCD_|

CTS Changes=1  BCB Changes=1

Figure 5.7.3
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There are three tabs on the DNT Wizard main window: Receive Data, Transmit Data and Wincom.

Eile View Teels Help

Current Settings

Device Mode Base
Network ID 0:00
MAC Address 00:00:98
Output Power 0dBm

RF Data Rate 500k

Firmware Version 1.7

Refresh I

Upgrade l

Clear CT5 | Clear DCD |

WONTWizard - = q
Receive Data I Transmit Dalal Wincoml
MAC Address Received Data RSS! [dBm) !
00:00:9C |This is a test -52 =
00:00:9C |This is a test -45
00;00:9C |This is a test =91
00:00:9C |This is a test -44
00:00:9C |This is a test -39
00:00:9C |This is a test -43
=
.
Status Window
Base: A remote has joined me. The remote MAC Address is | 00009C
CTS Changes=1 DCD Changes=1
- . =

Figure 5.7.4

Received messages are displayed in the Receive Data tab, along with the MAC address of the sender
and the RSSI (signal strength) of the received message in dBm. See Figure 5.7.4.

Copyright © Murata Manufacturing Co., Ltd. All Rights Reserved. 2011

DNT2400 10/25/16

82 of 100 www.murata.com



Eile View Teels Help

Current Settings

Device Mode

Network ID

MAC Address

Dutput Power

RF Data Rate

Firmware Version

Base

:00

00:00:98

0 dBm

500k

i

Refresh

Canfig

Discennect

Receive Data Transmit Data |Wincom|

TX Data
MAC Addr Data te Transmit
foooosc | [Thisisatest
[V Datain ASCIl
Transmit Interval (sec)
I5 Transmit 5

TX Data Reply

TX Status MAC Address RSSI
TXStatus MAC Address RSSI

Clear CTS |

bl

Clear DCD l

Status Window

Base: A remote has joined me. The remote MAC Address is 1 00009C

CTS Changes=1 T:I_Changesﬂ

Figure 5.7.5

The Transmit Data tab is shown in Figure 5.7.5. The message to send is input in the Data to Transmit text
box. The address to send the message can be chosen or input in the MAC Addr drop-down box. Note
that the MAC address a remote uses for the base is always 0x000000. If the Transmit Interval is set
to 0, the message is sent once each time the Transmit button is clicked. When the Transmit Interval is set
to an integer greater than zero, the message will sent at the beginning of each interval until the Stop
button (was Transmit button) is clicked. The status of each transmission is shown below TX Data Reply.
Figure 5.7.5 shows that the transmitted message was ACKed, with the received signal strength of the

ACK -66 dBm.
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BDNTWizard

Eile View Teels Help

Current Settings

Device Mode

Network ID

MAC Address

Output Power

RF Data Rate

Firmware Version

Base

0x00

00:00:98

7

Refresh

Config

Discennect

Peceive Datal Transmit Data  Wincem |

1o x|

bl

Upgrade

Clear CT5. |

Clear DCD ]

Status Window

Base: A remote has joined me. The remate MAC Address is : DD0DSC

CTS Changes=1 DCD Changes=1

Figure 5.7.6

As shown in Figure 5.7.6, the Wincom tab provides the basic functionality of a serial terminal program.
Messages typed in are sent, and messages received are appended to the bottom of the on-screen text.
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The multi-tab Configuration window is accessed by clicking on its Config button. The data presented on
the first six tabs corresponds to configuration register Banks 0 through 5 as discussed in Section 4.2
above, with the data on the next two tabs corresponding to configuration register Bank 6, the data on the
next tab corresponding to Bank 7, the data on the following two tabs corresponding to Bank 8, and the
data on the last tab corresponding to Bank 9.

Registered =

Tranceiver Setup 1Systemi Slalusl Serial I F‘rolocoll 170 Peripheralsl 1/0 Setupl 170 Selup| Auth Listl Reuting Tablel Reuting Tablel Hegisleredl

Device Mode Wake Response Time Wake Link Timeout Tree Routing Enable
[Base =] fox05 0432 [Disabled =1
RF Data Rate TX Power Diversity Mode Base Network ID
Aute =1 [odem = {Toagke =] [osFF
Hop Duration Sleep Mode User Tag Perferred Address
ID:-:DUCS [lff v I IDNT24UD 0xFF
Network ID Security Key External Sync Heartbeat Interval
orr = [Disabled =l 040014
Reg Denial Delay Remote Trans Dest Addr Event Destination Addr Tree Routing Sys ID
[#:0008 [oooooo 000000 [x00

Apply Changesl Refresh ! Default i

Figure 5.7.7

The Configuration window in the DNT Wizard is identical the Configuration window in the DNT Demo. See
Figures 5.6.2.2 through 5.6.2.13 for Configuration window details.
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Details of the File, View and Tools menus are shown in Figure 5.7.8.

EDNTWizard M@ DNTWizard B DNTWizard

| File View Tools Help File | view Tools Help File View | Tools Help
Cannect Cir+C Show Comm Errars v Obey CTS
Sawe Settings Cirl+S ings Show Settings in Hex C  Packet Builder
- Exit . ; Scroll Realtime v_l_ogat:a_
Network ID 000 Network ID 000 Network 1D 000
Figure 5.7.8

The Tools menu contains two very useful items. Packet Builder opens the window shown in Figure 5.7.9.
On the left, the Packet Type drop-down box provides a selection of all packet types used in the DNT2400
protocol. On the right, the reply packet types are presented.

L =loix]
~aeket Hefly ! R aw Packet B=ply |

Packet Type Packet “ype
[Enter Protocal Mode (0<80) =l [Enter Frotoct bode (010)

Transnit ;I

Figure 5.7.9

Packet Builder = [ = -0 =}

Pavkel Meply  Mew Paclct Boply I

Start of Packet Packet Length Start of Packet Packet Length
01 8:01 0x

Packet Type
&FFFFFFFF

Reaister Bank Reaister
0:00 (1]

Span Bank Span
=0

Figure 5.7.10
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Figure 5.7.10 shows the Raw Packet and Raw Packet Reply tabs. Components of the protocol messages
are shown in hexadecimal format.

Log Data controls the log file. Logging is enabled by default. The log file created is logfile.dat, and is in
ASCII text format. An example log is shown below:

3:50:24 PM

44 4E 54 35 30 30 (Enter Protocol Mode)

(Enter Protocol Mode Reply)

00 00 31 (Get Register)

00 00 31 01 FF CB 00 FF 2A 2A 2A 2A 2A 2A 2A 2A 2A 2A
4E 54 32 34 30 30 00 00 00 00 00 OO0 00 00 00 0OA 00 OO

0l FF FF FF 7F (TX Data Reply)
00 01 10 (Get Register)
00 01 10 FF 02 32 05 01 08 04 03 OA 45 0C 32 14 00 0O

00 02 28 (Get Register)

00 02 28 9B 00 00 00 00 00 00 04 F3 00 00 FF 41 17 02
30 39 31 37 3A 30 33 3A 30 33 02 (Get Register Reply)
00 03 04 (Get Register)

00 03 04 30 00 00 07 (Get Register Reply)

00 04 08 (Get Register)

00 04 08 00 05 00 01 07 00 02 00 (Get Register Reply)
00 05 12 (Get Register)

00 05 12 01 00 00 00 00 00 19 02 78 02 1D 02 00 00 00

00 06 1E (Get Register)
00 06 1E 00 00 00 01 00 00 CO 0O OO OO 0O 01 00 00 OO
00 (Get Register Reply)
00 07 30 (Get Register)
00 07 30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

A2 9C 00 00 01 00 (Announce)

9C 00 00 CC 54 68 69 73 20 69 73 20 61 20 74 65 73 74
9C 00 00 DO 54 68 69 73 20 69 73 20 61 20 74 65 73 74
9C 00 00 CD 54 68 69 73 20 69 73 20 61 20 74 65 73 74
9C 00 00 D4 54 68 69 73 20 69 73 20 61 20 74 65 73 74
9C 00 00 D9 54 68 69 73 20 69 73 20 61 20 74 65 73 74
9C 00 00 D5 54 68 69 73 20 69 73 20 61 20 74 65 73 74

New Data-—-—————-
8/12/2009 |
DNTWizard Version 1.04
Sent Data : FB 07 00
Recv Data : FB 01 10
Sent Data : FB 04 03
Recv Data FB 35 13
05 32 00 OO 02 02 44
Reply)

Recv Data : FB 06 15
Sent Data : FB 04 03
Recv Data : FB 14 13
Reply)

Sent Data : FB 04 03
Recv Data FB 2C 13
00 30 38 2F 31 31 2F
Sent Data FB 04 03
Recv Data : FB 08 13
Sent Data : FB 04 03
Recv Data : FB 0C 13
Sent Data : FB 04 03
Recv Data : FB 16 13
Reply)

Sent Data : FB 04 03
Recv Data FB 22 13
00 FF 03 Ol B8 OB 00
Sent Data FB 04 03
Recv Data FB 34 13
FF FF FF FF FF FF FF
Reply)

Recv Data : FB 07 27
Recv Data : FB 13 26
Recv Data : FB 13 26
Recv Data : FB 13 26
Recv Data : FB 13 26
Recv Data : FB 13 26
Recv Data : FB 13 26
Sent Data FB 01 01
(Exit Protocol Mode)
Recv Data FB 01 11

(Exit Protocol Mode Reply)

2A
00

10

01

00

FF

BEF
FF

(RX
(RX
(RX
(RX
(RX
(RX

2A 2A 2A 2A 2A 00
00 (Get Register

(Get Register

1B 01 98 00 00 08

00 00 (Get Register

03 00 00 FF 03 00

FF FF FF FF FF FF
(Get Register

Data)
Data)
Data)
Data)
Data)
Data)

The log file is especially useful in confirming the format of specific protocol commands and replies.
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5.8 DNT2400 Interface Board Features

The location of LEDs D1 through D4 and jumper pin set J14 are shown in Figure 5.8.1.

=T
a—

Figure 5.8.1

Amber DCD LED D4 illuminates on a remote to indicate it is registered with the base and can participate
in RF communications. DCD LED D4 illuminates on the base when one or more remotes are registered to
it, unless the base has been configured to assert DCD on power up. In this case it will be on as long as
the dev board is powered. Green Activity LED D1 illuminates when transmitting or receiving RF data. Red
Receive LED D3 illuminates when sending received data through the serial port to the PC. Green Trans-
mit LED D2 illuminates when the PC sends data through the serial port to be transmitted. Jumper pin set
J14 is provided to allow measurement of the DNT2400P current. For normal operation J14 has a shorting
plug installed.
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Figure 5.8.2

Figure 5.8.2 shows the connectors to the right of the DNT2400P mounting socket. Jumper pin sets J12
and J13 normally have shorting plugs installed as shown in Figure 5.8.2, which connects the DNT2400P
RADIO_TXD and RADIO_RXD pins to the respective serial data lines on the evaluation board. It is possi-
ble to connect directly to RADIO_TXD and RADIO_RXD by moving the jumpers over. In this case, J11-1
is the input for transmitted data and J11-2 is the output for received data. Note this a 3 V logic interface.
Placing a shorting plug on jumper pin set J6 allows the DNT2400P to be powered up in boot loader mode.
This is used for factory code loads and functional testing. The DNT2400 has its own boot loader utility
that allows the protocol firmware to be installed with a terminal program that supports YMODEM. Pin strip
J7 provides access to various DNT2400 pins as shown on the silkscreen. Pressing switch SW2 will reset
the DNT2400P.
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DNT2400P=A-00008B

MAC Acdr OO : OO0 9B

1 a]

Figure 5.8.3

Figure 5.8.3 shows the connectors to the left of the DNT2400P mounting socket. Pressing switch SW1
switches GPIOO0 from logic high to logic low. Pin strip J8 provides access to various DNT2400 pins as
shown on the silkscreen. The wiper of pot R10 drives the input of ADC1. Clockwise rotation of the pot
wiper increases the voltage. Thermistor RT1 is part of a voltage divider that drives ADCO. LED D5 illumi-
nates when GPIO1 is set as a logic high output. LED D10 illuminates when GPIO3 is set as a logic high.
The DNT2400P interface board includes a 5 V regulator to regulate the input from the 9 V wall-plug power
supply. Note: do not attempt to use the 9 V wall-plug power supply to power the DNT2400P directly. The
maximum allowed voltage input to the DNT2400P is 5.5 V.
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6.0 Demonstration Procedure

The procedure below provides a quick demonstration of the DNT2400P using a DNT2400DK
development kit:

1.

Confirm that each DNT2400P transceiver is installed correctly in an interface board, and that the
U.FL jumpers between the DNT2400P radios and the interface boards are installed. Also confirm
that a dipole antenna is installed on each interface board, and that J14 has a jumper block in-
stalled on each interface board. See Figures 5.4.1, 5.4.2 and 5.4.3 above.

Attach the Base (see label on bottom of interface board) to a computer with the DNT Demo
program installed.

Place the transceiver/interface boards at least 6 feet (two meters) apart.
Start the DNT Demo program.

Click the Connect button on the Demo window. This will open a serial port setup dialog box. Set
the baud rate to 9600 (9.6 kb/s) and select the COM port where the Base is connected.

At this point the Demo will collect data from the Base, filling in data in the Local Radio column on
the Demo window. The Status Window should also show that the Remote has joined the Base.

Click on the drop-down box at the top of the Radio 7 column and select the MAC Address for the
Remote. Next press the Start button using the default 1 s Refresh Delay.

The Demo will display updated data on the Remote in the Radlio 1 column, including bar graphs
of RSSI signal strength in dBm and percent packet success rate. Adjusting the large pot on the
Remote can be observed on the Potentiometer (ADC1) row.
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7.0 Troubleshooting

DNT2400 not responding - make sure SLEEP/DTR is not asserted (logic low) to bring the radio out of
sleep mode.

Can not enter protocol mode - make sure the host data rate is correct. The DNT2400 defaults to 9.6 kb/s.
If using the EnterProtocolMode command, send the complete protocol format for this command.

A remote never detects carrier (DCD) - check that the base is running, and that the remote InitiaINwkID
parameter is the same as the base, or is set to OxFF. If a remote is operating near the base (less than 6 ft
or 2 m), be sure the transmitter power setting on both the base and remote is set to 1 mW. If the remote is
operating far from the base, be sure the transmitter power setting on the base and remote is adequate for
communication. Also make sure that the security keys are the same.

Carrier is detected, but no data appears to be received - make sure that RTS is asserted to enable re-
ceive character flow. Make sure the RF transmit power is not on a high settings if the nodes are close
together.

Range is extremely limited - this is usually a sign of a poor antenna connection or the wrong antenna.
Check that the antenna is firmly connected. If possible, remove any obstructions near the antenna.

Transmitting terminal flashes (drops) CTS occasionally - this indicates that the transmit buffer is filling up.
This most often is caused by using a higher serial port data rate than RF data rate. Adjusting the protocol
parameters may increase the network efficiency.

7.1 Diagnostic Port Commands
FSTAT <option> - enables a frequency-ordered channel activity status log.

Available options are:

0 - off
1-o0n

For either a base or remote, FSTAT shows the DataTx (data packet transmitted), AckRx (ACK received)
and RegRx (registration or renewal request or reply received) activity status on each frequency with
ASCII characters as follows:

*.” (0x2E) - no activity
‘1’ (0x31) - DataTx activity only

)
‘2’ (0x32) - AckRx activity only
‘3’ (0x33) - DataTx and AckRx activity
‘4’ (0x34) - RegRx activity only
‘5’ (0x35) - DataTx and RegRx activity
‘6’ (0x36) - AckRx and RegRx activity
‘7’ (0x37) - DataTx, AckRx and RegRx activity
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A sample FSTAT output for 37 channel operation is shown below. The status data is order from the
lowest operating frequency on the left to the highest operating frequency on the right. An ASCIlI CR-LF
terminates each line. On most frequencies, DataTx and AckRx occur on the same frequency (‘3’). Occa-
sionally there is DataTx, AckRx and RegRx activity (‘7’), DataTx only activity (‘1’), or no activity (.").

333333 33333333 33333373 33333333 3333333
333333 33333333 33333333 33333333 3333333
333333 31333333 33333333 33333333 3333333
23RS 38 S 33SIRSISRYS33 3 233 M3 33RIS SIS SRS 313
333333 23333331 33313333 33333333 23.3333

INSTR <option>
Available options are:

0 - off
1-0n

For either a base or a remote, INSTR streams instrumentation packets including a time stamp and seven
data values. The time stamp is a string of four characters. The first three characters are ASCII represen-
tations of hexadecimal numbers. The fourth character is a ‘>’ character. Each time stamp count is 100 ps.
The time stamp rolls over to 0x000 after count 0XCE5. The content of the seven data values are detailed
below. ASCII representations of the hexadecimal value of each byte are output, separated by space
characters:

Byte 0: current channel, 0 to 36
Byte 1: same data as FSTAT 1, except no activity is 0x30
Byte 2: RSSI_Last, RSSI of last RF packet received in dBm, 8-bit signed value
Byte 3: RSSI_Idle, most recent RSSI value on a channel with no expected activity
Byte 4: Range delay estimate, remote only, 3.1 ps/tick
Byte 5: Status bits 1
b7.. b4 - reserved
b3 - inbound data RF flow control, 1 = device has disabled RF flow
b2 - outbound data RF flow control, 1 = base has disabled RF flow
b1 - /HOST_CTS, status of CTS line, 1 = hold
b0 - /DCD, link LED on; on a remote indicates registration with base, on the base it indi-
cates at least on remote is registered (default)
Byte 6: Status bits 0
b7 - CSMA channel busy
b6 - Parser/CRC error
b5 - valid RF packet received (any type)
b4 - DataRx, data packet received
b3 - RegTx, registration or renewal request or reply transmitted
b2 - RegRXx, registration or renewal request or reply received
b1 - AckRx, ACK received
b0 - DataTx, data packet transmitted
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A sample INSTR output is shown below.

896>
940>
9E2>
A8A>
B36>

21
0A
1D
1E
11

01
03
03
01
03

DA
DA
DA
D6
D6

98
9C
99
9F
99

00
00
00
00
00

Looking a the first line in detail:

896> 21 01 DA 98 00

The time stamp is 0x896>

Byte 0, 0x21, indicates the channel of operation is 33 (decimal)

01
01
03
03
03

01

01
23
23
21
23

01

Byte 1, 0x01, is the same status data as FSTAT data above. In this case, DataTx activity only.

Byte 2, 0xDA, is the last RSSI value, -38 dBm
Byte 3, 0x98, is the RSSI idle value, -100 dBm

Byte 4, 0x00, is the range delay estimate (remote only). The remote is very close to the base.

Byte 5, 0x01, provides the serial port status - /HOST_CTS is high

Byte 6, 0x01, provides the communication status - DataTx active only. Note that this byte provides addi-

tional status bytes compared to byte index 1.
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8.0 Appendices
8.1 Ordering Information

DNT2400C: transceiver module for solder-pad mounting
DNT2400P: transceiver module for pin-socket mounting

8.2 Technical Support

For DNT2400 technical support call RFM at (678) 684-2000 between the hours of 8:30 AM and 5:30 PM
Eastern Time.
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8.3 DNT2400 Mechanical Specifications

DNT2400C Outline and Mounting Dimensions

>
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—j_ 1:340
() ]_T (34.04)

0.630
(16.00)

|

|1 0.170 4.32)
1

Dimensions in inches and (mm) T

Figure 8.3.1

DNT2400C PCB Footprint
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Dimensions in inches and (mm)

Figure 8.3.2
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DNT2400P Outline and Mounting Dimensions

2.050 (52.07)

0.040
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Dimensions in inches and (mm)

Figure 8.3.3

DNT2400P Interface Connector
PCB Layout Detail
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+ +
+ +
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(50-80)1r hole diameter 0.030 (0.76) 1(48-26)
+ +
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+ +
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+ +
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Connectors are FCI Electronics 75915-420LF or equivalent
Dimensions in inches and (mm)

Figure 8.3.4
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9.0 Warranty

Seller warrants solely to Buyer that the goods delivered hereunder shall be free from defects in materials
and workmanship, when given normal, proper and intended usage, for twelve (12) months from the date
of delivery to Buyer. Seller agrees to repair or replace at its option and without cost to Buyer all defective
goods sold hereunder, provided that Buyer has given Seller written notice of such warranty claim within
such warranty period. All goods returned to Seller for repair or replacement must be sent freight prepaid
to Seller’s plant, provided that Buyer first obtain from Seller a Return Goods Authorization before any
such return. Seller shall have no obligation to make repairs or replacements which are required by normal
wear and tear, or which result, in whole or in part, from catastrophe, fault or negligence of Buyer, or from
improper or unauthorized use of the goods, or use of the goods in a manner for which they are not de-
signed, or by causes external to the goods such as, but not limited to, power failure. No suit or action
shall be brought against Seller more than twelve (12) months after the related cause of action has oc-
curred. Buyer has not relied and shall not rely on any oral representation regarding the goods sold here-
under, and any oral representation shall not bind Seller and shall not be a part of any warranty.

THE PROVISIONS OF THE FOREGOING WARRANTY ARE IN LIEU OF ANY OTHER WARRANTY,
WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL (INCLUDING ANY WARRANTY OR
MERCHANT ABILITY OR FITNESS FOR A PARTICULAR PURPOSE). SELLER’S LIABILITY ARISING
OUT OF THE MANUFACTURE, SALE OR SUPPLYING OF THE GOODS OR THEIR USE OR
DISPOSITION, WHETHER BASED UPON WARRANTY, CONTRACT, TORT OR OTHERWISE, SHALL
NOT EXCEED THE ACTUAL PURCHASE PRICE PAID BY BUYER FOR THE GOODS. IN NO EVENT
SHALL SELLER BE LIABLE TO BUYER OR ANY OTHER PERSON OR ENTITY FOR SPECIAL,
INCIDENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING, BUT NOT LIMITED TO, LOSS OF
PROFITS, LOSS OF DATA OR LOSS OF USE DAMAGES ARISING OUT OF THE MANUFACTURE,
SALE OR SUPPLYING OF THE GOODS. THE FOREGOING WARRANTY EXTENDS TO BUYER
ONLY AND SHALL NOT BE APPLICABLE TO ANY OTHER PERSON OR ENTITY INCLUDING,
WITHOUT LIMITATION, CUSTOMERS OF BUYERS.
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