WENSHING

TRW -2.4GHz Radio Transeceiver

Conditions: VDD =43V, VSS =0V, Ty = - 40°C to + 85°C

Svmbol |Parameter (condition) Notes Min. Tvp. Max. | Units

Operating conditions

VDD [Supply voltage 1.9 3.0 36 ‘-.-'

TEMP  |Operating Temperature -40 +27 ERS i

Digital input pin

Vi HIGH level input voltage VIDD- 0.3 VDD v

AT LOW level mput voltage Vas 0.3 v

Digital output pin

Vol HIGH level output voltage {lo=0. 5mA) VD0D- 0.3 VDD V

W LOW level output voltage (1 =0.5mA) Vas 03 v

General RF conditions

fore Operating frequency L) 2400 2524 M Hz
Af Frequency deviation ElS6 kHz
Ripsk Data rate Shock Burst™ 0 L 000 kbyps
Foypanmgg | Channel spacing I MHz

Transmitter operation

. Maximum Output Power } dBm
Py M Output P 4 i 4 B

Py REF Power Control Range 6 20 dB
Pyprcp EF Power Control Range Resolution £3 dB
Py 20dB Bandwidth for Modulated Carrier [ 000 kHz

il . — .
Ppga 2" Adjacent Channel Transmit Power 2MHz =20 dBm
Ppps 3" Adjacent Channel Transmit Power 3MHz -40 dBm
lvin Supply current e OdBim output power 5 |3 ma
lvpn Supply current (@ -20d B output power 5] 5.8 A
lvbn Average Supply current (@ -5dBm output i) 0.8 mA
power, Shock Burst™

v AVErage N LT I shand- [ _ . ,

I Wwerage Supply current i stand-by mod I 12 LA
lypp Average Supply current in power down I LA

Receiver operation

lypaps Supply current one channel 250khps 5 A
v Supply current one channel 1000k bps 19 A
Ly Supply current two channels 250khps 23 A
Ly Supply current two channels 1000kbps 25 mA
BXsps | Sensitivity at 0 1% BER (@ 250kbps) -90 dBm
B X | Sensitivity at 0 1%GBER (@ 1000k bps) -R0) dBm
Cllen /1 Co-channel [ dB
C/ s 1 Adjacent Channel Selectivity C/1 IMHz -1 dB
Clogy,  [2™ Adjacent Channel Selectivity C/1 2MHz -6 dB
Cllign 3™ Adjacent Channel Selectivity ©/1 AMHz 226 dB
RXp Blocking Data Channel 2 -4] dB
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ShockBurst™

The ShockBurst™ technology uses on-chip FIFO to clock 1 data at a low «
and transmit at a very high rate thus enabling extremely power reduction.
When operating the TRw-246 1n ShockBurst™ yvou gaimn access to the high data rates

{1 Mbps) offered by the 2.4 GHz band without the need of a costly, high-speed micro

controller (MCU) for data processing.

By putting all high speed signal processing related to RF protocol on-chip. the
TRW-2.4G offers the following benefits:

ata rate

¢ Highly reduced current consumption
o Lower system cost (facilitates use of less expensive micro controller)

o Greatly reduced risk of “on-air” collisions due to short transmission time

The TRw-2.46 can be programmed usimg a simple 3-wire interface where the data rate
1s decided by the speed of the micro controller.

By allowing the digital part of the application to run at low speed while maximizing
the data rate on the RF Link. the nRF ShockBurst™ mode reduces the average current
consumption n applications considerably.

ShockBurst™ principle

When the TRW-2.4G 1s configured in ShockBurst™, TX or RX operation 1s conducted

in the following way (10 kbps tor the example only).
|1 —

Continuous 10kbps TRW-2.4G
8-bit

MCU Ailinnnnaan fIFo

ShockBurst™  1Mbps

Figure 4 Clocking in data with MCU and sending with ShockBurst™ technology

Without ShockBurst™, running at speed dictated by 10Kbs MCU

_ | « 10mA periode »
T 10mA period  10Kbs MCU with ShockBurst™

[ 20 40 G R0 [0 1200 [ 40 | &0 180 2000 220 2400
Time mS

Figure 4 Current consumption with & without Shock Burst™ technology
2
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TRW-24G [

ShockBurst™
TX (CE=hi)?,

YES
Data content of registers:
uControllar
Loading ADDR
and F;iLLom ADDR PAYLOAD

l 4 axin}@ 256 hits

- "

TRW-2.4G
Calculating CRC ADDR PAYLOAD CRC

MO
YES

TRW-2.4G

&dding Preamble F'FEI' ADDR PAYLOAD CREC
ample

|

TRW-2.4G
Sending
ShockBurst™
Packags
(250 or 1000kbps)

Input FIFS not Emply

YES

Sending
completed?

Figure 2 Flow Chart ShockBurst™ Transmit of TRW-24G
nRF2401 ShockBurst™ Transmit:
MCU mterface pins: CE, CLK1, DATA
1. When the application MCU has data to send, set CE high. This activates
TRW-2.4G on-board data processing.

2. The address of the recerving node (RX address) and payload data 1=
clocked into the TRw-2.46 . The application protocol or MCU sets the speed
<1 Mbps (ex: 10kbps).

3. MCU sets CE low, this activates a trywoac ShockBurst™ transnission.

4. tRw-24G ShockBurst™:

o RF front end 15 powered up
s RF package 1s completed (preamble added. CRC calculated)

e Data i1s transmittec
by user).
* TRwW-24G return to stand-by when finished
3

at high speed (250 kbps or 1 Mbps configured
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TRW-24G ||
ShockBurst™
RX?

TRW-2.4G
Datiacts
FREAMELE and
Incoming Data

Correct
ADDRY

TRW-2.4G
Receives Data
and
Checking CRC

TRW-2.4G

Checks:

Comect CRCY

TRW-2.4G
=et Data Ready
(OR1/2) high

l

LuController
— Clocks out
Pavload

MO TRW-2.4G
Register

Empty?

YES

TRW-2.4G

Zets Data Ready
(DR12) low

Figure 5 Flow Chart ShockBurst™ Receive of TRW-2.4G

Data content of registers:

ﬁ;;rlH ADDR PAYLOAD CRC
ADDR PAYLOAD CRC
ADDR PAYLOAD CRC
ADDR PAYLOAD CRC

FPAYLOAD

FPAYLOAD

Cutput Register Empty
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TRW-2.4G6 ShockBurst™ Receive:
MCU nterface pms: CE, DR 1, CLK 1 and DATA (one RX channel receive)

.

LIPS

.

tah

Correct address and size of payload of mcoming RF packages are set when
TRW-2.4G  1s configured to ShockBurst™ RX.

To activate RX. set CE high.

After 200 ps setthing, TRw-2.4G 15 monitoring the awr for incoming
communication.

When a valid package has been recerved (correct address and CRC found),
TRW-2.4G removes the preamble, address and CRC bits.

TRW-2.4G then notifies (interrupts) the MCU by setting the DR 1 pin high.
MCU may (or may not) set the CE low to disable the RF front end (low
current mode).

The MCU will clock out just the payload data at a suitable rate {ex. 10
kbps).

When all payload data 1s retrieved TRw-2.46 sets DRI low again, and 1s
ready for new meonung data package 1t CE 1s kept high during data
download. It the CE was set low, a new start up sequence can begin, see
Figure 12
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DuoCeiver™ Simultaneous Two Channel Receive Mode

In both ShockBurst™ __ _ ___ modes the trywoag can facilitate simultancous
reception of two parallel independent frequency channels at the maximum data rate.
This means:
* TRW-24G can receive data from two | Mbps transmitters (ex: TRW-2.4G or
TRW-24G_j 8 MHz (% frequency channels) apart through one antenna
interface.

* The output from the two data channels 1s fed to two separate MCU
intertaces.
o Data channel 1: CLK 1, DATA, and DRI
¢ Data channel 2: CLK2, DOUT2, and DR2
» DRI and DR2 are available only in ShockBurst™.
The TRW-24G . DuoCerver™ technology provides 2 separate dedicatec
for RX and replaces the need for two, stand alone receiver systems.

TRW-2.4G
Tx/Rx
TRW-2.4G |::>

Tx/Rx
<:_‘ TRW-2.4G
Tx/Rx

Figure 4 Simultaneous 2 channel receive on trw.2.46

data channels

There 1= one absolute requirement for using the second data channel. For the TRw-2.4G
to be able to recerve at the second data channel the frequency channel must be 8MHz
higher than the frequency of data channel 1. The TrRw-2.46 must be programmed to
recerve at the frequency of data channel 1. No time muluplexing 1s used in - tgrw04a
to fulfil this function. In direct mode the MCU must be able to handle two
simultancously incoming data packets 1if it 1s not multiplexing between the two data
channels. In ShockBurst™ 1t 1s possible for the MCU to clock out one data channel at
a time while data on the other data channel waits for MCU availability, without any
lost data packets, and by domg so reduce the needed performance of the MCU.

—
Clock ADDR, ™ DR1
Fapy ™= Recovery, s CRC — CLK1 > Data{Fpr,)
Dataslicer Check | i DATA
—
Clock ADDR, —#» DRZ
Faps=Fret8MHz  ——» Recovery. e CRC — CLK2 > Data(Fpp)
DataSlicer Check [l DOUTZ
—

. R T™ . . . .
Figure 8 DuoCerver ™ with two simultaneously independent recerve channels.
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DEVICE CONFIGURATION

All contiguration of the Trw-2.46 1s done via a 3-wire interface to a single
configuration register. The configuration word can be up to 15 bytes long for
Shock Burst™

Configuration for ShockBurst™ operation

The configuration word i ShockBurst™ enables the TRW-2.4G to handle the RF
protocol. Once the protocol 1s completed and loaded into TRW-24G only one byte.
bit[ 7:0]. needs to be updated during actual operation.

The configuration blocks dedicated to ShockBurst™ 1s as follows:
o Pavload section width: Specifies the number of payload bits in a RF package.
This enables the TRW-24G to distinguish between payload data and the CRC

bytes m a received package.

o Address width: Sets the number of bits used for address in the RF package.
This enables the TRW-24G  to distinguish between address and payload data.

e  Address (RX Channel 1 and 2): Destination address for received data.

» CRC: Enables nRF2401 on-chip CRC generation and de-coding.

NOTE:

These configuration blocks, with the exception of the CRC, are dedicated for the
packages that a TRw-2.4G 1s to receive.

In TX mode. the MCU must generate an address and a pavload section that fits the
configuration of the TRW-24G that 1s to receive the data.

When using the TRW-24G on-chip CRC feature ensure that CRC 1s enabled and uses
the same length for both the TX and RX devices.

FRE-AMELE | ADDRESS FAYLOAD CRC

Figure 10 Data packet set-up
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Configuration Word overview

Bit Number Name Function
position | of bits
= [43:120 24 TEST Feserved for testing
= p— ; 0 - »
- [19:112 b DATAZ_W Length of data pavload section EX channel 2
£ et

=
i — - - - .
s [11:104 5 DATAL_W Length of data payvload section RX channel |
= . Wy T c e e I 3
= 03064 40 ADDRZ LUp to 3 bvte address for RX channel 2
=
= (324 40 ADDR] LUp to 3 bvte address for RX channel |
=
= m - ; - 0 — .
- 23:18 f ADDR_W Number of address bits iboth RX channels).
[
& 17 | CRC_I 8 or 16 hit CR(
-
o
=

L& CRO_EN Enable on-chip CRC generation/checking.

5 RX2 EN Enable two channel receive mode
= |4 M Communication mode {Direct or ShockBurst™)
2
=
-
= S— - .
ét 13 RFDE SB REF data rate ( IMbps requires 16MHz crvstal )
e
<
[-¥] =, 3 r - . | - S
& [2:10 g X0 ] Crystal frequency
=
=
=
= 98 2 RF_PWE EF cutput power
™
@
o
o i 7 RF CH# Frequency channel

0 I RXEN RX or TX aperation

Table 1 Table of configuration words.

The conftiguration word 15 shifted in MSB first on positive CLK 1 edges. New
configuration 1s enabled on the falling edge of CS.

NOTE.

On the falling edge of CS, the TRW-24G updates the number of bits actually shifted in

during the last configuration.
Ex:

It the TRW-2.4G 15 to be configured for 2 channel RX i ShockBurst™, a total of 120
bits must be shifted in during the first configuration after VDD 1= apphed.
Once the wanted protocol, modus and RF channel are set. only one bit (RXEN) 15

shifted in to switch between RX and TX.
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Configuration Word Detailed Description

The tollowing describes the function of the 144 bits (bit 143
configure the TRw-24G

General Device Configuration: bit[ 15:0]

Shock Burst™ Configuration: bat[ 1 19:0]

Test Configuration: bit] 143:120]

MSB) that 1s used to

MEB TEST
DI43 [ D142 [ p1al [ oigo | p1ze [ oias | pia7 | pias
Reserved for testing
I | 0 | 0 | 0 | I | I | I | 0 Dzl |
MEE =T
EIEE ETEFI IETEER IETEER IETETR IR ETET T TR TR T ETEEE ETET TR TR [ETETI IETET
Reserved for testing Clos PLL m TX
o Jo Jo Jo T [ o [0 Jo Jo TJuo [0 [ [1 1 0 e Dot
DATAZ W
D19 | DIHE | D17 [ Dle | 1S [ D14 | DL | D12
Data width channel#2 in # of bits excluding addr/cre
o o | 1 [ o ] o ] e I oo [ o Dt
DATAL W
piil | pro | piw | plos | plo7 | pios | Dios | Diod
Data width channel#1 in # of bits excluding addr/cre
o [T o T 1 T o J o0 ol o J o Defull |
ADDR2
Dlos [ Doz [ Dion [ ... D71 | D70 | Dew [ Des | D67 | Das | Des | Dad
Channel#2 Address RX (up to 4 0bit)
o ] o0 [ o [ . ] U [ 1T [ t ] o T o T 1T ] 1T [ 1 [ bkl
ADDR]
De3 | D62 [ Dal [ ... [ D31 Jpin [ o2 [ow [p2m Jpzw [p2s | D
Channel#1 Address BX (up to 4 0bit)
o [ o | o | ] v [ o [ v [ o | o [ ¢ [ 1 [ 1 [] b
ADDE_ W
D23 | p22 [ p21 [p2o [ o | D1s
Address width in # of bits (both channels)
o [ o] 1 T o] ol o [ Faulh |
CRC
D17 Dlé
CRC Mode 1 = Lahit, 0 = 8bit CRC 1 = enable; 0 = disable
0 ] Dzfault |
RE-Programming 1513
D13 D14 D13 o1z o Jow oo [os D7 e [ ps o4 [o3i o2 [o1 | oo
Twao Ch. BLUF [a]h] X0 RF Power Channel selaction RXEN
0 0 0 o | | 1 | | 1 o Jo Jo Jo Jo J1 Jo 0 D faull

Table 2Configuration data word

The MSBE bit should be loaded first into the configuration register.

Default configuration word: hSEOS. 1C20. 2000.0000.00E 7. 0000.0000. E721.0F04.
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ShockBurst™ configuration:

The section B[ 119:16] contams the segments of the configuration register dedicated to
Shock Burst™ operational protocol. After VDD 1s turned on Shock Burst™
configuration 1s done once and remains set whilst VDD 1s present. During operation
only the first byte for frequency channel and RX/TX switching need to be changed.

PLL_CTRL
PLL CTRL
D121 D120 PLL
0 0 Open TX/Closed RX
1] | Open TX/ Open RX
| 0 Closed TX/Closed RX
I I Closed TR/ Open RX

Table 10 PLL setting.

Bit 121-120:
PLL_CTRL: Controls the setting of the PLL for test purposes. With closed
PLL in TX no deviation will be present.

DATAx W

DATA2 W
e furs Tz Jre s Jrg s [z

DATA1 W
L prw Joaoe Jaos o7 Jos Jos | o104

Table 4 Number of bits in payload.

Bit 119 —112:
DATA2_W: Length of RF package payload section for receive-channel 2.

Bit 111 — 104:

DATAIT_W: Length of RF package payload section for receive-channel 1.

NOTE:
The total number of bits in a ShockBurst™ RF package may not exceed 256!
Maximum length of payload section 1s hence given by:

DATAx _Wibits)=256—ADDR _W —CRC
Where:
ADDR_W: length of RX address set in configuration word B[23:18]
CRC: check sum, 8 or 16 bits set in configuration word B[ 17]
PRE: preamble, 4 or 8 bits are automatically included
Shorter address and CRC leaves more room for payload data in each package.

10
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ADDRx
ADDR2
oz [ o2 Lo 1o 7o ] e | oes | 67 [ 6e | 65 | w4
ADDR 1
63 | o2 ] oer ] ] st ] s0 ] oz ] oas ] 27 ] 26 | 25 ] 24

Table 5! Address of receiver #2 and receiver #1.
Bit 103 — 64:
ADDR2: Recerver address channel 2, up to 40 bit.

Bit 63 — 24: ADDRI
ADDRI1: Recerver address channel 1. up to 40 bit.
NOTE!
Bits in ADDRx exceeding the address width set in ADDR_W are redundant

and can be set to logic 0.

ADDR_W & CRC

ADDR W CRC L | CRC EN
23 | 22 IEL | 20 | E E 17 I

Table & Number of bits reserved for RX address + CRC =etting.

Bit 23 — 18:
ADDR_W: Number of bits reserved for RX address in ShockBurst™

packages.

NOTE:
Maximum number of address bits 1s 40 (5 bytes). Values over 40 1n
ADDR_W are not valid.

Bit 17:
CRC_L: CRC length to be calculated by TRW-24G 1n Shock Burst™,
Logic 0: 8 bit CRC
Logic 1: 16 bit CRC

Bit: 16:
CRC_EN: Enables on-chip CRC generation {TX) and verification (RX).
Logic 0: On-chip CRC generation/checking disabled
Logic 1: On-chip CRC generation/checking enabled

NOTE:
An 8 bit CRC will merease the number of payload bits possible in each
ShockBurst™ data packet, but will also reduce the system integrity.

11
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General device configuration:

This section of the configuration word handles RF and device related parameters.

Modes:
RX2 EN CM RFDR SB X0 F RF PWR
|5 14 13 12| L [ 10 9 | 8
Table 7 RF operational settings.
Bit 15:
RX2_EN:
Logic 0: One channel receive
Logic 1: Two channels receive
NOTE:
In two channels receive, the TRw-2.4G receives on twao, separate
frequency channels simultaneously. The frequency of recerve channel
| 15 set in the configuration word B[7-1], receive channel 2 1s always 8
channels (8 MHz) above receive channel 1.
Bit 14:

Communication Mode:
Logic 1: nRF2401 operates in ShockBurst™ mode

Bit 13:
RF Data Rate:
Logic 0: 2_TRW;24G

Logic 1: 1 Mbps
NOTE:
Utilizing 250 kbps instead of 1Mbps will improve the recerver

sensitivity by 10 dB. 1Mbps requires 16MHz crystal.

Bit 12-10:

D12 D11 D10
0 1 1
Table 8

12
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Bit 9-8:
RF_PWR: Sets trw.o4c RF output power m transmit mode:

RF OUTPUT POWER

DY DS P [dBm]
0 0 -20
[ I -10
I 0 =]
| | M

Table o RF output power setting.

RF channel & direction

RF CH# RXEN
i I I S B I T T

Tablc 10 Frequency channel + RX / TX setting.

Bit 7—1:
RF_CH#: Sets the frequency channel the nRF2401 operates on.

The channel trequency in fransmit 1s given by:
Channel,, = 2400 MHz + RF _CH# 1.0 MHz
RF_CH #: between 2400MHz and 2527MHz may be set.
The channel trequency in data channel I1s given by:
Channel,, = 2400 MHz + RF _CH# 1.0 MHz {(Receive at PIN#S)
RF_CH #: between 2400MHz and 2524MHz may be set.

NOTE:

The channels above 83 can only be utilized in certain territories (ex: Japan)
The channel trequency in data channel 2 15 given by:
Channel,,. = 2400 MHz + RF _CH# - 1.0 MHz +8MHz {Recerve at PIN#4)

RF_CH #: between 2408MHz and 2524MHz may be set.
Bit 0:
Set active mode:
Logic 0: transmit mode
Logic 1: recerve mode

13
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DATA PACKAGE DESCRIPTION

FRE-AMBLE | ADDRESS FAYLOAD CRC

Figure ; Data Package Dhagram

The data packet for both ShockBurst™ mode and direct mode communication 1s

divided into 4 sections. These are:

1. PREAMBLE - The preamble field is required in ShockBurst.
- The address field 1s required in ShockBurst. mode.

2. ADDRESS - 8 10 40 bits length.
- Address automatically removed from received packet in
ShockBurst.mode

- The data to be transmitted
3. PAYLOAD - In Shock-Burst mode payload size 1s 256 bits minus the
following:(Address: 8 to 40 bits. + CRC 8 or 16 bits).

-8 or 16 bits length

4.CRC - The CRC is stripped from the received output data.

14
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71 © 7 ShockBurthfi™ 8 Fi5t=1 - ']~ [liE 7 2410MHz ™ I'] IMbps Rate [Hi;= -
Bit143 | Bitl42 | Bitl41 | Bit140 | Bitl139 | Bit138 | Bit137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bitl134 | Bit133 | Bit132 | Bitl131 | Bit130 | Bit129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bitl126 | Bit125 | Bitl24 | Bitl123 | Bit122 | Bitl21 | Bitl20
0 0 0 1 1 1 0 0
Bit119 | Bitl18 | Bitl17 | Bitl16 | Bitl15 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 | Bit109 | Bit108 | Bitl07 | Bitl06 | Bit105 | Bitl104
1 1 0 0 1 0 0 0
Bit103 | Bit102 | Bitl101 | Bitl00 | Bit99 | Bit98 | Bit97 | Bit96
1 1 0 0 0 0 0 0
Bit95 | Bit94 | Bit93 | Bit92 | Bit91 | Bit90 | Bit89 | Bit88
1 0 1 0 1 0 1 0
Bit87 | Bit86 | Bit85 | Bit84 | Bit83 | Bit82 | Bit81 | Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 | Bit70 | Bit69 | Bit68 | Bit67 | Bit66 | Bit65 | Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 | Bit46 | Bit45 | Bitd4 | Bit43 | Bit42 | Bitdl | Bit40
1 0 1 0 1 0 1 0
Bit39 | Bit38 | Bit37 | Bit36 | Bit35 | Bit34 | Bit33 | Bit32
0 1 0 1 0 1 0 1
Bit31 | Bit30 | Bit29 | Bit28 | Bit27 | Bit26 | Bit25 | Bit24
1 0 1 0 1 0 1 0
Bit23 | Bit22 | Bit21 | Bit20 | Bit19 | Bitl8 | Bitl7 | Bitl6
1 0 1 0 0 0 1 1
Bitl5 | Bitl4 | Bitl13 | Bitl2 | Bitll | Bitl0 Bit9 Bit8
0 1 1 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 0




79597 ¢+ ShockBurth Py A6 =Y - I'J— [[#ipisei v 2410MHz ™ I') 1Mbps Rateff ¥ -

Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
0 1 1 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1




B ¢+ 7 ShockBurthfiure 8=t > I'— [EpE 1 2410MHz  I'J250Kbps Rate/< Ff -

Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
0 1 0 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 0




79597 ¢ ShockBurthfuaE A5 =Y » I'J— [pisgi v 2410MHz * I'J250Kbps Rated 4% -

Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
0 1 0 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1
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Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
1 1 1 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1
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Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
1 1 0 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1
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Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bit136
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bitl32 | Bitl31 | Bitl30 | Bitl29 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitll2
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bit101 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
0 0 1 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 0
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Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
0 0 1 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1




T R EE RSN o 1= (SRR TR 2410MHZHERE ™ 1) 250Kbps RatedE $f ¢
Bit143 Bit142 | Bitl41 Bit140 | Bit139 | Bit138 | Bitl137 | Bitl36
] 0 0 0 1 | 1 0
Bit135 Bit134 | Bitl33 Bit132 | Bitl31 Bit130 | Bitl29 | Bitl28
0 0 0 0 ] 0 0 0
Bit127 | Bitl26 | Bitl25 Bit124 | Bitl23 Bit122 | Bitl21 Bit120
0 0 0 | ] | 0 0
Bit119 | Bitl118 | Bitll17 | Bitll6 | Bitll5 Bitl114 | Bitl13 Bit112
1 | 0 0 ] 0 0 0
Bitl11 Bit110 | Bit109 | Bit108 | Bit107 | Bit106 | Bitl05 Bit104
1 | 0 0 ] 0 0 0
Bit103 Bit102 | Bitl01 Bit100 Bit99 Bit98 Bit97 Bit96
1 | 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 ] 0 ] 0
Bit87 Bit86 Bit85 Bit&4 Bit8&3 Bit&2 Bit81 Bit&0
0 | 0 | 0 | 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 ] 0 ] 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 | 0 | 0 | 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 ] 0 ] 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 | 0 | 0 | 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 ] 0 ] 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 | 0 | 0 | 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 ] 0 ] 0
Bit23 Bit22 Bit21 Bit20 Bitl19 Bitl& Bitl7 Bitl6
] 0 ] 0 0 0 1 1
Bitl5 Bitl4 Bitl3 Bitl12 Bitl1 Bit10 Bit9 Bit8
0 0 0 0 1 | 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 | 0 | 0 0
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Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
0 0 0 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1




0
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Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
1 0 0 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1




0
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Bit143 | Bit142 [ Bitl41 | Bitl40 | Bit139 | Bit138 | Bitl137 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 [ Bit133 | Bit132 | Bitl31 | Bitl30 | Bitl129 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bit126 [ Bitl125 | Bitl24 | Bitl23 | Bitl22 | Bitl21 | Bit120
0 0 0 1 1 1 0 0
Bit119 | Bitl18 [ Bitl17 | Bitl16 | Bitll5 | Bitl14 | Bitl13 | Bitl12
1 1 0 0 1 0 0 0
Bitl11 | Bitl10 [ Bit109 | Bitl08 | Bitl07 | Bitl06 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 [ Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 1 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 1 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 1 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 1 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bit25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit21 Bit20 Bit19 Bitl8 Bitl7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bit14 Bitl3 Bitl2 Bitl1 Bit10 Bit9 Bit8
1 0 1 0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0 1




WENSHING

TRW -2.4GHz Radio Transeceiver

IMPORTANT TIMING DATA

[he following timing applies for operation “__0 78 °°
TRW-2.4G Timing Information
nRF2401 timing Max. Min. Name
VDDOFF = 5T_BY maode Jms Tpd2shsy
VDD OFF =% Active mode (RXTX) Ims Tpd2a
ST_BY = TX ShockBurst™ 950 Tsby 2ixSH
ST_BY =% TX Direct Mode 20215 Tsby 2 DM
ST_BY = RX mode 2021s Tabvy2rx
Minimum delay from CS to data, s Tes2data
Minimum delay from CE to data. Sus Teeldata
Mintmum delay from DR1/2 to ok, S0ns Tdr2elk
Maximum delay from clk to data. S0ns Telk2data
Delay between edges S0ns Td
Setup Hime S00ns Ts
Hold nme S0ims Th
Delavy to finish internal GFSK data |/data rate | TH
Mintmum input clock high S0ims Thimin
set-up of data in Direct Mode S0ns Tadm
Mintmum clock high in Direct Mode J0imns Thdm
Minimum clock low in Direct Mode 23ims Tldm
Table 47 Switching times for 21"

When = ™" 101 15 m power down 1t must always settle in stand-by (Tpd2sby)

before 1t can enter configuration or one of the active modes.

Tpd2shy

i

Figure g Timing diagram for (or VDD off) to stand by mode

1o Trw-2.46

15



WENSHING

TRW -2.4GHz Radio Transeceiver

VDD —

by

cik POCOCO0O00E00.

Tpd2a

Figure 9 VDD off to active mode
Note that the configuration word will be lost when VDD 1s turned oft and that the
device then must be configured before going to one of the active modes. It the device
15 configured one can go directly from power down to the wanted active mode.
Note:
CE and CS may not be hugh at the same time. Setting one or the other decides

whether configuration or active mode 15 entered.

16



WENSHING

TRW -2.4GHz Radio Transeceiver

Configuration mode timing

When one or more of the bits in the configuration word needs to be changed the
following timing apply.

=
| |
VDD | |
| |
SN N -
CE | |
| |
TSI T AVATAVAVE R AVAVATAY AU
DATA %_}Eﬂﬂlﬂc{ - === =000
L_‘ —
Td T -
. T —
., —
CE
LKA
DATA |L_f__MEE T i
o Ts Th
m
=
B

Figure 10 Timing diagram for configuration of  TRW-2.4G

It configuration mode 15 entered from power down, CS can be set hugh after Tpd2sby
as shown i Figure 8

17



WENSHING
TRW -2.4GHz Radio Transeceiver

ShockBurst™ Mode timing

ShockBurst™ TX:

=0
VDD : :
s wm ||
ce i ¥ |

oS AVACAVAVEIC RV AVAVAVAVA
paTa WM VOMOTe - - - -

| |
ANT1/ANTZ - 150
| i i
— Teby2t«SE  Toa
Td ™ — *
d ™~ —
\\. — - _
“ ~—
| |
Cs I
| |
CE |4 - THmiq- |
cLkili AT N T N
1N . |
DATA |_:>§< b R

—
w

—
o0

Tee2data

Figure " Timing of ShockBurst™ i TX
The package length and the data rate give the delay Toa {time on air), as shown m the
equation.

T, =1/ datarate - (#databits + 1)

18



WENSHING

TRW -2.4GHz Radio Transeceiver

ShockBurst™ RX:

=0
| |
VDD | |
TR I |
os | |
CE i [ I
I |
DR1/2 | / | Y
I I
cLk1/2 T : /’\m R nnL
DATADOUTZ  Shba FASTOSEEELRE S S
I |
ANT1/ANT2 Ui |
- - | I
Td  Tshy2rx - .
- - S
- ” ~
[ )
CEl N |
| |
DR1/2 |_/ i Thmin i |
— pi—
CLK1/2 :__/ __/_\_/_\:
DATA/| p 4 |
DOUTZ | . . |
x &
o =
= (2]
'_

Figure 12 Timing of ShockBurst™ in RX

The CE may be kept high during downloading of data, but the cost 1s higher current
consumption (18mA} and the benefit 1s no start-up time (200us}) after the DRI goes
low.

Output Power adjustment

Power setting bits of | RF output power DC current
conficuring word consumption
[ 0 dBm +3dB 3.0 mA
[0 -5 dBm +3dB [0.5 mA
01 -10 dBm +3dB 2.4 mA
00 =20 dBm +3dB 5.8 mA

Conditions: VDD = 3.0V, VS8 = 0V, T, = 27°C, Load impedance = 400 (1.

19



9

;2.4G T2 R

;=======—== MCU CRYSTALL:6MHZ ==========
;=========RF CRYSTALL:20MHZ ==========
: PW --[P52 P51|-- T_LEDI

: --|P53 P50|-- R_LED2

: --|TCC OSClI|--

: --|/RST 0SCO--

: --|VSS VCC|--

: KEY 1 --[P60 P67|-- CS

: KEY 2 --[P61 P66|-- DR1

: --|P62 P65|-- CLK1

: CE --|P63 P64|-- DATA

; | |

: EM78P156E

TCC EQU 0X1

P5 EQU 0X5

P6 EQU 0X6

FLAG EQU OXIF
BYTE EQU O0XIE
RO EQU 0XID
DLY REG EQU 0X1C
KEY REG EQU 0X1B
TIMER_REG EQU 0X1A

9

ORG 0X0
IMP RESET
IMP INT O



ORG
IMP

MOV
ADD

RETL
RETL
RETL

RETL

RETL

RETL
RETL
RETL
RETL
RETL

RETL
RETL
RETL
RETL
RETL

RETL

RETL
RETL

0X8
INT 1

RF _CONFIG _TABLE:

A,RO
0X2,A

0X8E
0X08
0X1C

0X20

0X0DO0

0X0BB
0X0BB
0X0BB
0X0BB
0X0BB

0X12
0X34
0X56
0X78
0X9A

0X0A1

0X53
0X02

ADDRESS TABLE:

ADD

RETL
RETL
RETL

MOV
0X2,A
0X12
0X34
0X56

;TEST

:DATA2 W

:DATA1 W

;ADDR2

;ADDRI

;ADDR_W/CRC

;RF-PROGRAMMING

A,RO

;ADDRI



;P5,0-LED P5,1-LED P5,2-PW

;P6,0-KEY P6,1-KEY P6,2-KEY

;P6,4-DATA P6,5-CLK1 P6,6-DR1 P6,7-CS

;WDT

0XE ; WATCHDOG ENABLE

RETL  0X78

RETL  0X9A
RESET:

MOV  A,@0X0

IOW O0XF

IOW 0XE

MOV A, @0XOFF

IOW 0XB

MOV A, @0XOF8

IOW 0XD

MOV  A,@0X08
P5,3-CRYSTALL SLECT

IOW 0X5

MOV  A,@0X47
P6,3-CE

IOW 0X6

BC P6,3 ;CE

BC P6,7 ;CS

MOV  A,@0X0D

CONTW

MOV  A,@0X80

IOW

MOV  A,@O0X2F

MOV  0X3FA

MOV  A,@0X10

MOV  0X4,A
CLEAR REG: CLRO0XO0

INC 0X4

DJZ 0X3F

IMP CLEAR REG

MOV  A,@0X3

MOV  0X10,A



S LED TEST:
MOV A, @OXOFF
MOV  0XIL,A

S LED TESTI:
CALL DELAYIMS
CALL DELAYIMS

WDTC
JBS  0XI1,7
JMP S LED OFF
BS P50  ;LED
BS P5,1  ;LED
JMP S SKIP

S LED OFF:

BC P5,0 ;LED
BC P5,1 ;LED

S_SKIP:

DJZ  0XIl

JMP S LED TESTI

DJZ  0X10

JMP S LED TEST
; ENI
;=======—=MAIN PROGRAM
MAIN LOOP:

BS P52  PW

BC P5,0 ;R_LED
BC P5,1 ;T_LED
BC P6,3 ;CE

CALL DELAYIMS

MOV  AP6

AND A,@0X07

MOV  KEY REG,A

JBC P5,3 ;CRYSTALL SELECT<0-16M 1-20M>
BS KEY REG,3

MOV  AKEY REG



AND A,@0X03

XOR A,@0X0

JBC 0X3,2 ;2
IMP T MODEL

MOV  AKEY REG
AND A,@0X03

XOR A,@0X1

JBC 0X3,2 ;2
IMP R_MODEL

MOV  AKEY REG
AND A,@0X03

XOR A,@0X03

JBC 0X3,2 ;2
IMP SLEEP MODEL

IMP MAIN_LOOP

T MODEL:
BC P50 ;R LED
BC P5,1 ;T LED
CALL DATA PRO

MOV  A,@0XIC :;TX ON RX_OFF
MOV  0X22,A
MOV A @O0XA4F :250K 0db

JBC P6,2 ;<0-250K  1-1000K>
MOV A, @0X6F

MOV  0X30,A

MOV  A,w0X14 ;2410
MOV  0X31,A

CALL RF _CONFIG

CALL DELAY200US

CALL RF _CONFIG

CALL DELAY200US

T LOOP:



BS P5,1 ;T LED
CALL RF SEND
CALL DELAYIMS
CALL DELAYIMS
CALL DELAYIMS
CALL DELAYIMS
CALL DELAYIMS
CALL DELAYIMS
CALL DELAYIMS
CALL DELAYIMS
WDTC

MOV  AP6

AND A,@0X07

MOV  BYTEA

JBC P5,3 ;KEY
BS BYTE,3

MOV  ABYTE

XOR AKEY REG
JBC 0X3,2 ;2
IMP T LOOP

BC P5,1 ;T_LED
IMP MAIN_LOOP

R_MODEL:
BC P50 ;R LED
BC P5,1 ;T LED
CALL DATA PRO

MOV  A,@OXIF :;TX OFF RX ON
MOV  0X22,A
MOV A @O0XA4F :250K 0db

JBC P6,2 ;<0-250K  1-1000K>
MOV A, @0X6F

MOV  0X30,A

MOV  A,@0X15 ;2410

MOV  0X31,A

CALL RF _CONFIG



R_SPI:

MOV
MOV
BS
CLR
BC
MOV
IOW

BC

R_LOOPI:

R_LOOP:

MOV
MOV
BC
DJZ
IMP
IMP

WDTC
JBC
IMP
MOV
AND
MOV
JBC
BS
MOV
XOR
JBS
IMP
JBS
IMP
BS
MOV
MOV
CALL
CALL

A,@0X10

0X13,A

P63  ;CE

TCC

0XF,0 .TIMER FLAG

A,@0X1

OXF  ;TIMER INTERRUPT ENABLE

P5,0 ;R_LED

A,@0X060

TIMER_REG,A

FLAG,0 .INTERRUPT FLAG
0X13

R_LOOP

R_MODEL

FLAG,0 :INTERRUPT FLAG
R_SPI

A,P6
A,@0X7
BYTE,A
P53  KEY
BYTE,3
A,BYTE
AKEY REG
0X3,2 Z
R _RET

P6,6 ;DRI
R_LOOP
P50 ;R LED
A,@0X10
0X13,A
RF_RECEIVE
DELAY1MS



IMP R _LOOPI

R _RET:
BC P63  ;CE
BC P5,0
MOV  A@0X0
IOW  OXF

IMP MAIN_LOOP

SLEEP _MODEL:
CALL DATA PRO
BC P5,0 ;R_LED
BC P5,1 ;T_LED
CALL DATA PRO

MOV  A@O0XIE :TX_OFF RX_ OFF
MOV  0X22,A
MOV  A,@0XA4C :250K 0db

JBC P6,2 ;<0-250K  1-1000K>
MOV  A,@0X6C

MOV  0X30,A

MOV  A,@0X15 ;2410

MOV  0X31,A

CALL RF _CONFIG

BC P5,2 ;PW

S LOOP:
CALL DELAYIMS
WDTC
MOV  A,P6

AND A,@0X07

MOV  BYTEA

JBC P5,3 ;KEY
BS BYTE,3

MOV  ABYTE

XOR AKEY REG
JBC 0X3,2 ;2
IMP S _ LOOP



IMP MAIN_LOOP

9

DATA PRO:
MOV  A,@0X20
MOV  0X4,A
CLR RO
MOV  A,@0X12 ;18
MOV  0X10,A
DATA LOOP:
CALL RF CONFIG TABLE
MOV  0X0,A
INC RO
INC 0X4
DJZ 0X10
IMP DATA LOOP
RET

9

;===== RF CONFIG SUBROUTINE ======

9

RF_CONFIG:
BC P6,3 ;CE
BS P6,7 ;CS
CALL DELAY200US
MOV  A,@0X12 ;18

MOV  0X10,A

MOV  A,@0X20

MOV  0X4,A
RF_CONF BYTE LP:

MOV  A,@0X8

MOV  0XIL,A

MOV  A,0X0

MOV  BYTEA
RF_CONF BIT LP:

BC P6,5  ;CLKI

JBS  BYTE7

BC P64  ;DATA

JBC  BYTE7



BS P6,4 ;DATA

RLC  BYTE
BS P6,5  ;CLKI
DJZ  0XIl

JMP  RF CONF BIT LP
INC  0X4

DJZ  0X10

JMP  RF CONF BYTE LP
CALL DELAY5US

BC P6,5  ;CLKI

BC P67  ;CS

RET
;=======RF SEND SUBROUTINE ======
RF_SEND:

BC P67  ;CS

BS P63  ;CE

CALL DELAY5US
CALL DELAY5US
CLR RO
MOV  A,@0X5 :ADDRESS BIT 5*8=40 BIT
MOV  0X10,A
RF S ADD BYTE:
CALL ADDRESS TABLE
MOV  BYTEA
MOV  A,@0X8
MOV  0XIL,A
RF S ADD BIT:
BC P6,5  ;CLKI
JBS  BYTE7
BC P64  ;DATA
JBC  BYTE7

BS P6,4 ;DATA
RLC BYTE

BS P6,5 ;CLK1
DJZ 0X11

JMP  RF S _ADD BIT



INC RO
DJZ  0X10
JMP  RF S ADD BYTE

MOV  A@O0X1A :208 BIT DATA
MOV  0X10,A
RF S D BYTE:

MOV  A,@0X8
MOV  0XIL,A
MOV  A,@0X037
MOV  BYTEA

RF S D BIT:
BC P6,5  ;CLKI
JBS  BYTE7
BC P64  ;DATA
JBC  BYTE7

BS P64  ;DATA
RLC  BYTE

BS P6,5  ;CLKI
DJZ  0XIl

JMP  RF S D BIT
DJZ  0X10

JMP  RF S D BYTE
CALL DELAY5US
BC P6,5  ;CLKI
BC P63  ;CE
RET

RF_RECEIVE:
BC P6,7 ;CS
BC P6,3 ;CE
CALL DELAYSUS
CALL DELAYSUS
MOV  A,@0X20
MOV  0X4,A
MOV  A@0X1A ;208 bit



MOV
CLR

RF BYTE LP:
MOV
MOV

RF BIT LP:
RLC
BS
JBS
BC
JBC
BS
BC
DJZ
JMP
INC
DJZ
JMP
CALL
CALL
BS
RET

0X10,A
BYTE

A,@0X8
0X11,A

BYTE
P6,5

P6,4

BYTE,0

P6,4

BYTE,0

P6,5

0X11

RF BIT LP
0X4

0X10

RF BYTE LP
DELAY5US
DELAY5US
P6,3

;CLK1
;DATA

;DATA

;CLK1

:CE

DELAY IMS:
MOV
IMP

DELAY200US:
MOV
IMP

DELAYS5US:
MOV

DLY SKIP:
MOV

A,@0XOFF
DLY SKIP

A,@0X32
DLY SKIP

A,@0X1

DLY REG,A



DLY LOOP:
NOP
NOP
NOP
DJZ DLY REG
IMP DLY LOOP

RET
;======——= INTERRUPT SUBROUTINE =========
INT 0
INT 1

BC 0XF,0 .TIMER FLAG

DJZ  TIMER REG

JMP  INT RET

BS FLAG,0 :INTERRUPT FLAG
INT RET:

RETI





