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Low Power High Performance 2.4 GHz GFSK Transceiver
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B 2.4GHz ISM band operation € Remote control
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B Ultra low shutdown current: 1uA € Wireless audio
B Ultra low standby current: 15uA € Wireless data transceiver module
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Abbreviations

Al Analog Input

ARQ Auto Repeat Re-quest

ART Auto Re-Transmission

ARD Auto Retransmission Delay

AO Analog Output

BER Bit Error Rate

CE Chip Enable

CRC Cyclic Redundancy Check

CSN Chip Select NOT

DPL Dynamic Payload Length

DI Digital Input

DO Digital Output

GFSK Gaussian Frequency Shift Keying

IRQ Interrupt Request

ISM Industrial-Scientific-Medical

LSB Least Significant Bit

Mbps Megabit per second

MCU Microcontroller Unit

MHz Mega Hertz

MISO Master In Slave Out

MOSI Master Out Slave In

MSB Most Significant Bit

PA Power Amplifier

PID Packet Identity Bits

PLD Payload

PO Power Output

PWR DWN Power Down

PWR_UP Power UP

RF CH Radio Frequency Channel

RSSI Received Signal Strength Indicator

RX Receiver

RX DR Receive Data Ready

SCK SPI Clock

SPI Serial Peripheral Interface

TX Transmitter

TX DS Transmit Data Sent

XTAL Crystal
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1 Introduction

Si24R1 is a single chip transceiver with an embedded ARQ baseband protocol engine,
operating in the world wide ISM frequency band, suitable for ultra low power wireless
applications. The operating frequency band from 2400MHz to 2525MHz is divided into 126
RF channels and the resolution of the RF channel frequency setting is 1MHz.

Si24R1 uses GFSK/FSK digital modulation and demodulation. Both air data rate and
output power are configurable. The air data rate can be programmed to 2Mbps, 1Mbps and
250Kbps. The higher data rate contributes the lower power consumption because it takes less
time to transmit or receive signals.

Si24R1 is especially optimized for low power wireless applications. All register values
and FIFO values are maintained in shutdown mode, and the shutdown supply current is 1uA.
In standby mode, the clock still works, and the standby supply current is 15uA. It takes less
than 130us to start data transmitting and receiving.

Si24R1 is easy to use, and it can realize communication only by configuring several
registers through the SPI with an MCU. The embedded ARQ baseband protocol engine is
based on packet communication and supports various modes from manual operation to
advanced autonomous ARQ protocol operation. Internal FIFOs ensure a smooth data flow
between the radio front end and the system’s MCU. Enhanced ARQ baseband protocol engine
reduces system cost by handling all the high speed link layer operations.

To design a radio system with the Si24R1, only an MCU and a few external passive
components are needed. Internal high PSRR LDO power ensures reliable work in a wide
supply range from 1.9V to 3.6V. Digital I/O is compatible with several I/O voltage standards
such as 2.5V/3.3V/5V, and it can be directly connected to various MCU I/O ports.
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2 Pin Information

Si24R1
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Figure 2-1 Si24R1 pin information (QFN20 4x4 package)

Table 2.1 pin function

Pin Name Type Pin function

1 CE DI Chip Enable Activates RX or TX mode

2 CSN DI SPI Chip Select, Active low

3 SCK DI SPI Clock

4 MOSI DI SPI Slave Data Input

5 MISO DO SPI Slave Data Output

6 IRQ DO Maskable interrupt pin. Active low

7, 15, VCC Power Power supply (+1.9 ~+3.6V, DC)

18

8, 14, VSS Power Ground (0V)

17, 20

9 X0 AO Crystal oscillator output

10 XI Al Crystal oscillator input

11 VDD PA Power 1.8V power supply output for the internal Power Amplifier

12 RFP RF Antenna Positive

13 RFN RF Antenna Negative

16 IREF Al Reference current.

19 VDD D PO Internal digital supply output for de-coupling purposes
Die exposed | Power Ground (0V), connect die exposed to PCB ground
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3  Operational modes

3.1 State Control Diagram

The built-in state machine in Si24R1 controls the transitions between the chip’s different
operating modes.

The state transition diagram in Figure3-1 shows five operating modes of the Si24R1. The five
operating modes are: Shutdown. Standby. Idle-TX. TX and RX.
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Figure 3-1 Si24R1 state control diagram
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3.1.1 Shutdown Mode

In shutdown mode Si24R1 is disabled, the function of data transmitting and receiving is
stopped, and the current consumption is minimal. All register values available are maintained
and can be written or read by SPI which is kept active. Shutdown mode is entered by clearing

the PWR_UP bit in the CONFIG register.
3.1.2 Standby Mode

In standby mode only part of crystal oscillator is active. Standby mode ensures
minimum average current consumption while maintaining short start-up time. Standby mode
is entered after the crystal oscillator works stably by setting PWR_UP bit in the CONFIG
register to 1. The crystal oscillator startup time is about 1.5~2ms, responding to the oscillator
quality. The Si24R1 enters Idle-TX mode or RX mode by setting CE high. When CE pin is
set low, Si24R1 returns to standby mode from Idle-TX mode, TX mode or RX mode.

3.1.3 Idle-TX Mode

In Idle-TX mode the crystal oscillator and clock buffers are active and more current is
used compared to standby mode. Idle-TX mode is entered when CE is set high and TX FIFO
is empty on a PTX device. If a new packet is uploaded to the TX FIFO, TX mode is entered
and the packet is transmitted.

Both in standby and Idle-TX mode all register and FIFO values available are maintained

and can be written or read by SPL
3.1.4 TX Mode

The TX mode is an active mode for transmitting packets. When the PWR_UP is set high,
the PRIM_RX is set low, a payload in the TX FIFO, and a high pulse on the CE pin for more
than 10us, the Si24R1 enters this mode. The transition time from Idle-TX mode to TX mode
takes 120us~130us. After transmitting a packet, if CE = 1, the status of TX determines the
next mode. If the TX FIFO is not empty the Si24R1 remains in TX mode and transmits the
next packet. If the TX FIFO is empty the Si24R1 returns to Idle-TX mode. If CE = 0, Si24R1
returns to standby mode.  The Si24R1 provides an interrupt after finishing a packet

transmitting.
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3.1.5 RX Mode

The RX mode is an active mode for receiving packets. When the PWR _UP bit, the
PRIM_RX bit and the CE pin are set high, the Si24R1 enters this mode. The transition time
from Standby mode to RX mode is 120us~130us. When a valid packet is found by a
matching address and a valid CRC, the payload of the packet will be downloaded to RX
FIFOs automatically. Si24R1 can store 3 valid packets at most, if the RX FIFOs are full, the
received packet will be discarded.

In RX mode the power of received signal can be detected by RSSI register. If the
received signal power is higher than -60dBm, the RSSI bit of RSSI register will be set high.
There are two methods for updating RSSI register, one is if Si24R1 received a valid packet,
then RSSI will update automatically, the other is when operating mode changes from RX
mode to Standby mode, RSSI will update automatically. Besides, RSSI will change (#5dBm

at most) with the varying temperature.
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4 Packet processing protocol

Si24R1 is based on packet communication and supports ARQ protocol. Internal ARQ
baseband protocol engine can realize automatic ACK and NO ACK packet handling without
an extra MCU. ARQ baseband supports the handling of 1 to 32 bytes dynamic payload length.
Besides, it supports static payload length which is set by registers. Baseband handling
features automatic packet disassembly and assembly, automatic acknowledgement and

retransmissions of packet. It also has 6 data pipes for 1:6 star networks.
4.1 ARQ packet format

A whole packet contains a preamble, address, packet control, payload and CRC field.
Figure4-1 shows the packet format with MSB to the left.

Preamble| Address Packet control Payload CRC

1Byte 3-5 Bytes 9 Bit 1-32 Bytes 0-2Bytes

Figure 4-1 A whole ARQ packet

The preamble is used to synchronize the receivers demodulator to the incoming bit
stream. It is added by transmitter and discarded by receiver, and shielded for users.

The address field stores the packet address values for the receiver. A packet will be
received only when the address of the packet matches the address of the receiver. The address
field width in the AW register can be configured to be 3, 4 or 5 bytes.

Figure 4-2 shows the format of the 9 bit packet control field.

Payload length 6bit PID 2bit NO_ACK 1bit

Figure 4-2 Format of packet control field

The 6 bit payload length specifies the length of the payload in bytes ranges from 0 to 32
bytes.

For example: 000000 = 0 byte (no payload)

100000 = 32 byte (32 bytes of payload)

The PID field is used to tell the receiver if the received packet is new or retransmitted.
PID prevents the PRX device from receiving the same payload more than once. The PID field
is incremented at the PTX device when a new packet is written to FIFO through SPIL.

When NO ACK equals 1, the RTX device doesn’t need to send ACK to the PTX device.
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For the transmitter, to set NO_ACK high, the EN DYN ACK bit in the feature register must
be set high first, and the NO ACK flag bit is set with this command:
W_TX PAYLOAD NOACK.

The CRC field is used to detect if there is an error in the packet. The number of bytes in the
CRC is either 1 or 2 bytes, set by the CRCO bit in the CONFIG register.

4.2 ARQ communication mode

In the TX mode the PTX device assembles the preamble, address, packet control field,
payload and CRC to make a complete packet first and then it transmits the packet with RF
module.

In the RX mode the receiver constantly searches for a valid packet by a matching address
and a valid CRC. After the packet is validated, the receiver disassembles the packet and
presents the payload in a vacant slot in the RX FIFO and asserts the RX DR IRQ. MCU can
read data in the RX FIFO through SPI at any time.

4.2.1 ACK mode

4.2.1.1 Auto acknowledge on the PRX

The function of auto acknowledgement means the PRX will transmit an ACK packet to
the PTX automatically after it has received and validated a packet. The function of auto
acknowledgement is enabled by the EN_AA register. If the PTX needs to receive an ACK and
tell it to PRX through packet, then the PRX must enable the auto acknowledgement feature.

Figure 4-3 shows ACK mode.

ACK received
TX DS IRQ generated

PTX Transmitting Payload Wait ACK

PRX Receiving Payload Reply ACK

Packet received,
RX DR IRQ generated

Figure 4-3 ACK mode
In general, an ACK packet is an empty one only containing Control, Address and CRC field. However,
in ACK payload mode the PRX can transmit an ACK with an optional payload, and the PTX will
download the payload into TX FIFO after receiving the ACK packet. In order to use this feature, the
EN ACK PAY bit in the FEATURE register must be set and the Dynamic Payload Length (DPL) must be
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enabled.

Figure 4-4 shows the ACK payload mode.

Fail to receive ACK Received ACK Received ACK
Retransmit packet TX DS & RX DR IRQ generated TX DS & RX DR IRQ generated
ARD | \ ‘
(= — ]
Transmit ‘ Retransmit Transmit
PTX PAYLOADI R Mode ‘ PAYLOAD1 RX Mode PAYLOAD2 ‘ ‘ RX Mode ‘

Receive Transmit
PRX
PAYLOAD1 ACKPAYLOAD1

Receive Retransmit Receive Transmit
PAYLOAD1 ACKPAYLOAD1 PAYLOAD2 ACKPAYLOAD2

Received packetl ACK with payload lost
RX_DRIRQ generated Received last packet New packet received
. retransmit ACKPAYLOADI RX DR & TX DS IRQ generated

Figure 4-4 ACK payload mode

4.2.1.2 Auto retransmission on the PTX

The function of auto retransmission means that in an auto acknowledgement
configuration on the PTX, the PTX will retransmit a packet if an ACK packet is not received.
Each time a packet is transmitted, the PTX enters RX mode and waits a short period defined
by ARD for an ACK packet. If the ACK packet is not received in the delay, Si24R1 goes back
to TX mode to retransmit the data. ARD is a short delay time from the end of a transmitted
packet to when a retransmit starts on the PTX. When the ACK packet is received, Si24R1
asserts the TX DS IRQ. The retransmission continues until acknowledgment is received, or
the maximum number of retransmits defined by ARC is reached. ARC is the programmed
maximum number of times of retransmission. The ARC and ARD are set in the
SETUP RETR register.

The ARC_CNT counts the number of retransmissions for the current packet and is reset
by transmitting a new packet. If the PTX doesn’t receive an ACK during ARD, it will
retransmit the packet and ARC CNT will be incremented. MAX RT interrupt request is
asserted if the number of retransmission (ARC _CNT) exceeds ARC.

Additionally, it is possible to manually set the Si24R1 to retransmit a packet a number of
times by the REUSE TX PL command. And when this command is used, the MCU must

initiate each transmission of the packet with a pulse on the CE pin.

4.2.2 NOACK Mode

The NOACK flag in control field will be valid if PTX uses W_TX PAYLOAD NOACK
command writing data into TX FIFO. Setting the flag means that the PRX needn’t to transmit
an ACK payload after receiving a packet, and the PTX will go directly into standby-I mode
after transmitting the packet.
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Additionally, the EN DYN ACK bit in FEATURE register must be set before using
W_TX PATLOAD NOACK command.

4.2.3 Dynamic payload length (DPL) and static payload length

A payload can be 0-32 bytes wide, and Si24R1 provides two alternatives for payload length:
static and dynamic. By default, it will be a static length payload. Static payload length is set
by the RX PW_PX registers on the receiver side.

DPL enables PTX to send packets with variable payload length to the receiver. The external
MCU can read out the payload length by using R RX PL. WID command. In order to enable
DPL the EN_DPL bit in Feature register must be set. For PRX, DYNPD must be set. A PTX
device with DPL enabled must have the DPL_PO bit in DYNPD register set.

4.2.4 Multi data pipes communication

Up to six Si24R1s configured as PTX can communicate with one Si24R1 configured as a PRX (primary
receiver). The PRX can receive data from six different data pipes (six different PTXs) in one frequency
channel at different time. Each data pipe has its own unique address and can be configured for individual
behavior. The PRX searches for all the data pipe addresses simultaneously. And only one data pipe can
work at a time. The data pipes are activated by setting the bits in the EN_RXADDR register. And each data
pipe address is configured in RX ADDR_PX registers. By default, pipe 0 and pipe 1 are enabled only. To
ensure the PRX transmit an ACK packet to the correct PTX, the PRX takes the data pipe address where it
received the packet and uses it as the TX address when transmitting the ACK packet. Only when a data
pipe receives a complete packet can other data pipes begin to receive data. When multiple PTXs are
transmitting to a PRX, the ARD can be used to skew the auto retransmission so that they only block each
other once.

Figure 4-6 shows a transceiver configuration example.
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TX_ADDR: 0XB1C2D3E434
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Si24R1

PRX

RX ADDR_PO0: 0XA5A5A5A5AS
RX ADDR_P1: 0XB1C2D3E4F5
RX_ADDR_P2: 0XB1C2D3E4DE
RX_ADDR_P3: 0XB1C2D3E478
RX_ADDR_P4: 0XB1C2D3E4C9
RX ADDR_P5: 0XB1C2D3E434

Figure 4-6 Multi pipes receiver example
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5 SPI Interface

The SPI interface is a standard 4-wire SPI with a maximum data rate of 10 Mbps .

5.1 SPI Commands

Table 5-1 shows the SPI commands, and every new command must be started by a high to low transition

on CSN pin.

In parallel to the SPI command word applied on the MOSI pin, the STATUS register is shifted serially out

on the MISO pin.

m  <Command byte: MSBit to LSBit >
m  <Data bytes: LSByte to MSByte, MSBbit of every byte first >

-- one byte

Command word

Command name # Data bytes Operation
(binary)
R _REGISTER 000A AAAA 1 to 5 LSByte first Read register command

AAAAA= 5 bit Register address

W_REGISTER 001A AAAA 1 to 5 LSByte first write register command
AAAAA= 5 bit Register address
Executable in power down or standby
modes only.

R _RX PAYLOAD 01100001 1 to 32 LSByte first | Read RX payload, used in RX mode.
LSB is first read out , 1- 32 bytes
W_TX PAYLOAD 1010 0000 1 to 32 LSByte first | Write TX payload, used in TX mode
LSB is first write in, 1-32 bytes
FLUSH TX 1110 0001 0 Flush TX FIFO , used in TX mode
FLUSH_RX 11100010 0 Flush RX FIFO, used in RX mode

should not be used during transmission of
ACK packet

REUSE TX PL 11100011 0 Used for PTX
Reuse last payload
Payload reuse is active until
W_TX PAYLOAD or FLUSH TX is
executed.

R RX PL WID 0110 0000 1 Read RX payload width of the top RX FIFO

W_ACK PAYLOAD 1010 1PPP 1 to 32 LSByte first | Used in RX mode
Write payload to be transmitted with ACK
packet on pipe PPP (0~5).
W_TX PAYLOAD NOACK 1011 0000 1to32 Used in TX mode. PTX needn’t wait the

LSByte first

ACK packet in this mode
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NOP

11111111

No operation. Can be used to get the value

of STATUS register

5.2 SPI Timing

Table 5-1 SPI Commands

Figure 5-1 to Figure 5-3 shows the SPI operation and timing restriction. The configuration registers

can only be written in Shutdown/Standby/Idle-Tx mode.

CSN

SCK_| MM r MM P L

MOSI |
e G O OO0 0000000000000
MISO i
XXX E XX K ‘

)

Figure 5-1 SPI write operation

SCK_ M M A e

MO X EEEEEE—

>_

M

Figure 5-2 SPI read operation

Tewh 3
SN W\ —
— Ta a‘ ~ i)
\
SCK _
9| Tdc Tdh| -
MOSI D XX e )y Xo X
csd Ted
MISO . - J .).) \ _ LY Tedz
Figure 5-3 SPI typical timing
Table 5-1 shows SPI Interface typical timing parameter
Symbol Parameters Min Max Units

Tde Data to SCK Setup 2 ns
Tdh SCK to Data Hold 2 ns
Tesd CSN to Data Valid 42 ns
Ted SCK to Data Valid 58 ns

Tcl SCK Low Time 40 ns
Tch SCK High Time 40 ns
Fsck SCK Frequency 0 10 MHz
Tr, Tf SCK Rise and Fall 100 ns
Tcc CSN to SCK Setup 2 ns
Tcch SCK to CSN Hold 2 ns
Tcewh CSN Inactive time 50 ns
Tcdz CSN to Output High Z 42 ns

Table 5-1 SPI timing parameter
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6 Register Table

Address . . Reset Value o
Mnemonic Bit Type Description
(Hex)
00 CONFIG Configuration Register
Reserved 0 R/W | Only ‘0’ allowed
MASK RX DR 0 R/W | Mask interrupt caused by RX DR
1: Interrupt not reflected on the IRQ pin
0: Reflect RX DR as active low
interrupt on the IRQ pin
MASK TX DS 5 0 R/W | Mask interrupt caused by TX DS 1:
Interrupt not reflected on the IRQ pin 0:
Reflect TX DS as active low interrupt
on the IRQ pin
MASK MAX RT | 4 0 R/W | Mask interrupt caused by MAX RT 1:
Interrupt not reflected on the IRQ pin 0:
Reflect MAX RT as active low interrupt
on the IRQ pin
EN _CRC 3 1 R/W | Enable CRC. Forced high if one of the
bits in the EN_AA is high
CRCO 2 0 R/W | CRC encoding scheme '0' - 1 byte '1' - 2
bytes
PWR_UP 1 R/W | 1: POWER UP, 0:POWER DOWN
PRIM_RX 0 R/W | RX/TX control, 1: PRX, 0: PTX
01 EN_AA Enable ,,Auto Acknowledgment"
Function
Reserved 7:6 00 R/W | Only '00" allowed
5 1 R/W | Enable auto acknowledgement data pipe
ENAA P5 s
4 1 R/W | Enable auto acknowledgement data pipe
ENAA P4
- 4
3 1 R/W | Enable auto acknowledgement data pipe
ENAA P3 3
2 1 R/W | Enable auto acknowledgement data pipe
ENAA P2 5
ENAA P1 1 1 R/W | Enable auto acknowledgement data pipe
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0 1 R/W | Enable auto acknowledgement data pipe
ENAA PO
- 0
02 EN_RXADDR Enabled RX Addresses
Reserved 7:6 00 R/W | Only '00" allowed
ERX P5 5 0 R/W | Enable data pipe 5
ERX P4 4 0 R/W | Enable data pipe 4
ERX P3 3 0 R/W | Enable data pipe 3
ERX P2 2 0 R/W | Enable data pipe 2
ERX P1 1 1 R/W | Enable data pipe 1
ERX PO 0 1 R/W | Enable data pipe 0
03 SETUP_ AW Setup of Address Widths
Reserved 7:2 000000 R/W | Only '000000' allowed
1:0 11 R/W | RX/TX Address field width
'00' — Illegal
'01' - 3 bytes
AW '10' - 4 bytes
'11' - 5 bytes
LSB bytes are used if address width is
below 5 bytes
04 SETUP RETR Setup of Automatic Retransmission
7:4 0000 R/W | Auto Retransmission Delay
‘0000’ — Wait 250uS
. ‘0001 - Wa?t 500uS
‘0010’ - Wait 750uS
‘1111° — Wait 4000uS
3:0 0011 R/W | Auto Retransmit Count
‘0000’ — Retransmit disabled
ARC ‘0001’ — Up to 1 Re-Transmission
‘0010’ -
‘1111° —=Up to 15 Re-Transmission
Up to 1 Re-Transmission
05 RF _CH RF Channel
Reserved 7 0 R/W | Only ‘0’ allowed
RF CH 6:0 0000010 R/W | Sets the frequency channel
06 RF SETUP RF Setup
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CONT_WAVE

‘1’ Const carrier wave, for test only

Reserved

Only ‘0’allowed

RF_DR_LOW

R/W

Set RF Data Rate. See RF._ DR_HIGH

for encoding

PLL_LOCK

R/W

Only ‘0’allowed

RF_DR_HIGH

R/W

Set RF Data Rate

[RF_DR _LOW, RF_DR HIGH]:
‘00’ - 1Mbps

‘01’ - 2Mbps

‘10’ - 250kbps

‘11° - Reserved

RF_PWR

2:0

110

R/W

Set RF output power in TX mode
RF_PWRJ[2:0]
111: 7dBm
101: 3dBm
011: 0dBm
001:-6dBm

110: 4dBm
100: 1dBm
010:-4dBm
000:-12dBm

07

STATUS

Status Register (In parallel to the SPI
command word applied on the MOSI
pin, the STATUS register is shifted
serially out on the MISO pin)

Reserved

only ‘0’ allowed

RX DR

Data ready RX FIFO interrupt
Asserted when new data arrives RX
FIFO

Write ‘1° to clear bit

TX_DS

Data sent TX FIFO interrupt

Asserted when packet transmitted on
TX. If AUTO_ACK is activated, this bit
is set high only when ACK is received
Write ‘1’ to clear bit

MAX_RT

Maximum number of TX retransmits
interrupt. If MAX RT is asserted, it
must be cleared to enable further
communication

Write ‘1° to clear bit

RX_P NO

3:1

111

=

TX_FULL

TX FIFO full flag
‘1> — TX FIFO full
‘0’ — Available locations in TX FIFO

08

OBSERVE TX

Transmit observe register
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7:4 0 R | Count lost packets. The counter is
overflow protected to 15, and

PLOS CNT discontinues at max until reset. The
counter is reset by writing to RF_ CH

3:0 0 R | Count retransmitted packet. The counter
ARC _CNT is reset when transmission of a new
packet starts

09 RSSI Received Power Detector
Reserved 7:1 000000 R
0 0 R Received Power Detector:
RSSI

‘0’ - Received Power is less than -60dbm

0A 39:0 | OXE7E7E7E7E7 | R/W | Receive address data pipe 0. 5 Bytes
maximum length. (LSByte is written
first. Write the number of

bytes defined by SETUP_AW)

RX_ADDR_P0

0B 39:0 | 0xC2C2C2C2C2 | R/W | Receive address data pipe 1. 5 Bytes
maximum length. (LSByte is written
RX ADDR Pl .
- - first. Write the number of

bytes defined by SETUP_AW)

0C 7:0 0xC3 R/W | Receive address data pipe 2.
RX ADDR P2 Only LSB MSB bytes is equal to
RX ADDR P1[39:8]

0D 7:0 0xC4 R/W | Receive address data pipe 3.
RX ADDR P3 Only LSB MSB bytes is equal to
RX ADDR P1[39:8]

OE 7:0 0xC5 R/W | Receive address data pipe 4.
RX ADDR P4 Only LSB MSB bytes is equal to
RX ADDR P1[39:8]

OF 7:0 0xC6 R/W | Receive address data pipe 5.
RX ADDR PS5 Only LSB MSB bytes is equal to
RX ADDR P1[39:8]

10 39:0 | OXE7E7E 7E7E7 | R/W | Transmit address. Used for a PTX device
only. (LSB byte is written first) Set

TX ADDR RX ADDR PO equal to this address to
handle automatic acknowledge if this is a
PTX device

11 RX_PW_PO

Reserved 7:6 00 R/W | Only ‘00’ allowed




/

slaEH 20

crioN oynamic  Preliminary

Si24R1

5:0 0 R/W | Number of bytes in RX payload in data
pipe0(1 to 32 bytes)
0:not used
RX PW_PO
-~ 1: 1bytes
32: 32bytes
12 RX PW Pl
Reserved 7:6 00 R/W | Only ‘00’ allowed
5:0 0 R/W | Number of bytes in RX payload in data
pipe 1(1 to 32 bytes)
0:not used
RX PW Pl
-~ 1: 1bytes
32: 32bytes
13 RX PW_P2
Reserved 7:6 00 R/W | Only ‘00’ allowed
5:0 0 R/W | Number of bytes in RX payload in data
pipe 2(1 to 32 bytes)
0:not used
RX PW_P2
-~ 1: 1bytes
32: 32bytes
14 RX PW _P3
Reserved 7:6 00 R/W | Only ‘00’ allowed
5:0 0 R/W | Number of bytes in RX payload in data
pipe 3(1 to 32 bytes)
0:not used
RX PW_P3
-~ 1: 1bytes
32: 32bytes
15 RX PW P4
Reserved 7:6 00 R/W | Only ‘00’ allowed
5:0 0 R/W | Number of bytes in RX payload in data
pipe 4(1 to 32 bytes)
0:not used
RX PW_P4
-~ 1: 1bytes

32: 32bytes




i Si24R1
v,‘.cricw DYNAMIC Preliminary l
16 RX PW_P5
Reserved 7:6 00 R/W | Only ‘00’ allowed
5:0 0 R/W | Number of bytes in RX payload in data
pipe 5(1 to 32 bytes)
0:not used
RX PW_P5
-~ 1: 1bytes
32: 32bytes
17 FIFO_STATUS FIFO Status
Reserved 0 R/W | Only ‘0’ allowed
0 R | Used for PTX, Reuse last transmitted
data packet if set high
TX REUSE is set by the SPI command
TX REUSE .
- REUSE TX PL, and is reset by the SPI
command W_TX PAYLOAD or
FLUSH TX
5 0 R | TX FIFO full flag
TX FULL ‘1’ — TX FIFO full
‘0’ - TX FIFO not full
4 1 R TX FIFO empty flag
TX EMPTY ‘1’ — TX FIFO empty
‘0’ - TX FIFO not empty
Reserved 3:2 00 R/W | Only ‘0’ allowed
1 0 R | RX FIFO full flag
RX FULL ‘1’ = RX FIFO full
‘0’ - RX FIFO not full
0 1 R RX FIFO empty flag
RX EMPTY ‘1’ = RX FIFO empty
‘0’ - RX FIFO not empty
1C DYNPD Enable dynamic payload length
Reserved 7:6 0 R/W | Only ‘00’ allowed
DPL P5 5 0 R/W | Enable dynamic payload length data
- pipe5(Set EN_DPL & ENAA P5)
DPL P4 4 0 R/W | Enable dynamic payload length data
- pipe4(Set EN_DPL & ENAA P4)
DPL P3 3 0 R/W | Enable dynamic payload length data
- pipe3(Set EN_DPL & ENAA P3)
DPL P2 2 0 R/W | Enable dynamic payload length data
- pipe2(Set EN_DPL & ENAA P2)
1 0 R/W | Enable dynamic payload length data
DPL_P1

pipel(Set EN_DPL & ENAA P1)




A

eI 20

ActioN oynamic  Preliminary

Si24R1

DPL PO 0 0 R/W | Enable dynamic payload length data
- pipe0(Set EN_DPL & ENAA P0)
1D FEATURE R/W | Feature Register
Reserved 7:3 0 R/W | Only ‘00000’ allowed
EN DPL 2 0 R/W | Enable dynamic payload length
EN ACK PAY 1 0 R/W | Enable Payload with ACK
EN DYN ACK 0 0 R/W | Enable the
- - W_TX PAYLOAD NOACK command
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7 Electrical specification

7.1 Limitation parameter

Operating Condition Min. Max. Unit
Supply Voltages
VDD -0.3 3.6 \Y%
VSS 0 \Y%
Input Voltage
VI | -03 | 5.25 v
Output Voltage
VO | VSS to VDD | VSS to VDD v
Power Dissipation

| | 100 | mw
Temperatures
Operation Temperature | -40 +85 C
Storage Temperature -40 +125 c
ESD Performance HBM(Human Body Model): Class 1C

7.2 Electrical specification

Conditions: VDD =3V, VSS =0V , TA=27C , crystal oscillator CL.=12pF

Symbol parameter | Min. | Typ. | Max. | Unit | Comment

OP Parameters

VDD Supply voltage 1.9 3.6 A%

Isup Supply current in shutdown 1 LA
mode

IstB Supply current in standby mode 15 LA

IipLE Supply current in idle-tx mode 380 LA

Irx@2MHZ RX mode supply current 15 mA
@2Mbps

[rx@1MHZ RX mode supply current 14.5 mA
@1Mbps

[rx@250kbps RX mode supply current 14 mA
@250kbps

Irx@7dBm TX mode supply current 25 mA
@7dBm output power

Itx@4dBm TX mode supply current 16 mA
@4dBm output power

Itx@0dBm TX mode supply current 12 mA
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@0dBm output power
Itx@-6dBm TX mode supply current 9.5 mA
@-6dBm output power
Itx@-12dBm TX mode supply current 8.5 mA
@-12dBm output power
RF Parameter
Fop RF operation frequency 2400 2525 | MHz
Fcu RF channel space 1 MHz | 2Mpbs K}
ERPNY
2MHz
AFnmop(2Mbps) Frequency deviation +330 KHz
AFmop(1M/250Kbps) | Frequency deviation +175 KHz
Rarsk Data rate 250 2000 | Kbps
RX Parameter
RXsens@2Mbps Sensitivity@2Mbps -83 dBm | BER=0.1%
RXsens@1Mbps Sensitivity(@1Mbps -87 dBm | BER=0.1%
RXsens@250Kbps Sensitivity@250kbps -96 dBm | BER=0.1%
C/lco@2Mbps C/I Co-channel 6 dB
C/Liss@2Mbps I*ACS C/1 2MHz 0 dB
C/Ionp@2Mbps 2" ACS C/1 4MHz -20 dB
C/Iirp@2Mbps 34ACS C/. 6MHz -26 dB
C/Ico@1Mbps C/I Co-channel 7 dB
C/lis@1Mbps I ACS C/1 2MHz 6 dB
C/Loxo@1Mbps 2 ACS C/1 4MHz 21 dB
C/Izrkp@1Mbps 34ACS C/. 6MHz -30 dB
TX 2
Pew(@2Mbps Modulation Bandwidth 2.1 MHz
Pew(@1Mbps Modulation Bandwidth 1.1 MHz
Pew@250Kbps Modulation Bandwidth 0.9 MHz
Prri 1% Adjacent CH Power 2MHz -20 dBm
Prr2 2" Adjacent CH Power 4MHz -46 | dBm
Crystal Oscillator Parameter
Fxo Crystal frequency 16 MHz
AF Tolerance +60 ppm
ESR Equivalent Series Resistance 100 Q
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8 Package

TOP VIEW
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Y
SIDE VIEW
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Figure 8-1 Top view
SYMBOL MILLIMETER
MIN NOM MAX
A 0.70 0.75 0.80
Al — 0.02 0.05
b 0.18 0.25 0.30
D 3.90 4.00 4.10
D2 2.55 2.65 2.75
e 0.50BSC
E2 2.55 2.65 2.75
E 3.90 4.00 4.10
Ne 2.00BSC
Nd 2.00BSC
L 0.35 0.40 0.45
h 0.30 0.35 0.40
U 0.20 REF.
L/F (mil) 114x114

Table 8-2 Package measurement
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9.1 Typical Application Schematic

L

R1
3k 22K 1%

Si24R1

CSN

SCK

MOSI

MIS0

g
1E6MHZ

12pF-22pF = G4 CSI12;JF—22pF

Figure 9-1 Typical application schematic

name value form description
Cl 10nF 0402 X7R, +/- 10%
C2 InF 0402 X7R, +/- 10%
C3 33nF 0402 X7R, +/- 10%
C4 12~22pF 0402 NPO, +/- 2%
C5 12~22pF 0402 NPO, +/-2%
Co6 2.2nF 0402 X7R, +/- 10%
Cc7 4.7pF 0402 NPO, +/- 0.25pF
C8 1.5pF 0402 NPO, +/- 0.1pF
C9 1.0pF 0402 NPO, +/- 0.1pF
L1 8.2nH 0402 chip inductor, +/- 5%
L2 3.9nH 0402 chip inductor, +/- 5%
L3 2.7nH 0402 chip inductor, +/- 5%
R1 22KQ 0402 +/- 1%
R2 Not mounted 0402
Y1 16MHz +/-60ppm, CL=12pF
Ul QFN20 04x04

Table 9-1 Recommended components (BOM)
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9.2 PCB layout

A double-sided FR-4 board of 1.6mm thickness is used. The bottom layer of PCB is the
ground plane. To achieve good RF performance, the IC substrate die ground (die attach)

should connect to PCB ground plane. It is strongly recommended to keep it connected.

Figure 9-2 Top overlay (0402 size passive components )

Figure 9-3 Top layer (0402 size passive components)



Figure 9-4 Bottom layer
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10 Package Information

Package marking

Si24R1
ABBCDEE

Si24R1: chip name, fixed text

A: Year number, 5 stands for year 2020, 6 stands for year 2021
BB: Week number

C: Packaging plant number

D: Testing plant number

EE: Production lot number

order code package container minimum
Si24R1-Sample | 4 X4mm 20-pin QFN | Box/Tube 5
Si24R1-P 4 X4mm 20-pin QFN | Tape and reel | 4K

Table 10-1 Si24R1 order example
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11 Contact Information

Action Dynamic Tech.(HK) Trading Co.

Add:Room 1111, Building B, Phase 6, International Innovation Valley,
Dashi Road, Nanshan District, Shenzhen

Website:www.dnsj88.com Email:dnsj@dn-ic.com
TEL:0755-82539044 FAX:0755-82539160
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Appendix A - Configuration and communication example

MODE 1: ACK MODE

PTX Configuration:
spi_rw_reg(SETUP_AW, 0x03); // configure PTX address width 5 bytes
spi_write_buf(TX ADDR, TX ADDRESS, 5); // write in TX address

spi_write_buf(RX ADDR PO, TX ADDRESS, 5); //address of pipe0 is the same with TX address

spi_write_buf(W_TX PAYLOAD, buf, TX PLOAD_ WIDTH); // write data in TX FIFO

spi_rw_reg(FEATURE, 0x04);  //Enable dynamic payload length

spi_rw_reg(DYNPD, 0x01); //enable pipe0 dynamic payload length

spi_rw_reg(SETUP_RETR, 0x15); //configure ARD=500us ,ARC=5

spi_rw_reg(RF_CH, 0x40); // configure RF channel

spi_rw_reg(RF_SETUP, 0x0e); // configure TX data rate=2Mbps,and TX power=4dbm

spi_rw_reg(CONFIG, 0x0e); // set PWR_UP, enable CRC and CRC length is 2bytes, TX
MODE

CE = 1; // set CE , transmit data

PRX Configuration:
spi_write_buf(RX ADDR PO, TX ADDRESS, 5); // write in RX address
spi_rw_reg(EN_RXADDR, 0x01); //Enable data pipe O .
spi_rw_reg(RF_CH, 0x40); // configure RF channel
spi_rw_reg(SETUP_AW, 0x03); // configure PRX address width:5 bytes
spi_rw_reg( FEATURE, 0x04);  //Enable dynamic payload length
spi_rw_reg(DYNPD, 0x01);  // enable pipe0 dynamic payload length
spi_rw_reg(RF_SETUP, 0x0¢);  // configure TX data rate=2Mbps
spi_rw_reg(CONFIG, 0x0f); // set PWR_UP, enable CRC and CRC length is 2bytes,RX
MODE
CE =1, // set CE , receive data

MODE 2 : NOACK MODE

PTX Configuration:

spi_write buf( TX ADDR, TX ADDRESS, 5); // write in TX address
spi_rw_reg( FEATURE, 0x01);  // Enable W _TX PAYLOAD NOACK

spi_write bufftW_TX PAYLOAD NOACK, buf, TX PLOAD WIDTH); // write data in TX FIFO

spi_rw_reg(SETUP_AW, 0x03); // configure PTX address width 5 bytes
spi_rw_reg( RF_CH, 0x40); // configure RF channel
spi_rw_reg(RF_SETUP, 0x08); // configure TX data rate=2Mbps, TX power=-12dbm

spi_rw_reg( CONFIG, 0x0e); // set PWR_UP, enable CRC and CRC length is 2bytes,TX MODE

CE =1, //set CE , transmit data

PRX Configuration:
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spi_write buf( RX ADDR PO, TX ADDRESS, 5); //write in RX address

spi_rw_reg( EN_RXADDR, 0x01); // Enable data pipe 0

spi_rw_reg( RF_CH, 0x40); // configure RF channel

spi_rw_reg( RX PW PO, TX PLOAD_ WIDTH); //configure pipe 0 data length

spi_rw_reg( RF_SETUP, 0x08); // configure TX data rate=2Mbps

spi_rw_reg( CONFIG, 0x0f); // set PWR_UP, enable CRC and CRC length is 2bytes,RX MODE
CE=1; // set CE, receive data

MODE 3: PRX turn on multiple pipes

Dynamic length payload:
spi_rw_reg(FEATURE, 0x04); //Enable dynamic payload length
spi_rw_reg(DYNPD, 0x3F);  //enable 6 pipes dynamic payload length
spi_rw_reg(EN_RXADDR, 0x3F); // enable pipe 0-5 RX address
spi_rw_reg(RF_CH, 0x40); // configure RF channel
spi_rw_reg(SETUP_AW, 0x03); // configure PRX address width 5 bytes
spi_rw_reg(CONFIG, 0x0B); // set PWR_UP, enable CRC and CRC length is 1bytes,RX MODE
CE=1;

Static length payload:
spi_rw_reg(RX PW_PO0, 0x20); //configure data length of pipe0
spi_rw_reg(RX PW_P1, 0x20); //configure data length of pipel
spi_rw_reg(RX PW_P2, 0x20); //configure data length of pipe2
spi_rw_reg(RX PW_P3, 0x20); //configure data length of pipe3
spi_rw_reg(RX PW_P4, 0x20); //configure data length of pipe4
spi_rw_reg(RX PW_P5, 0x20); //configure data length of pipe5

spi_rw_reg(EN_RXADDR, 0x3F); // enable pipe 0-5 RX address

spi_rw_reg(RF_CH, 0x40); // configure RF channel

spi_rw_reg(SETUP_AW, 0x03); // configure PRX address width 5 bytes

spi_rw_reg(CONFIG, 0xOF); // set PWR_UP, enable CRC and CRC length is 2 bytes, RX MODE
CE=1;



FCC Statement

This device complies with part 15 of the FCC rules. Operation is subject to the following two
conditions: (1) thi s device may not cause harmful interference, and (2) this device must accept any
interference received, incl uding interference that may cause undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could
void the user’ s authority to operate the equipment.

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital
device, pursua nt to part 15 of the FCC Rules. These limits are designed to provide reasonable
protection against harmful inte rference in a residential installation. This equipment generates uses
and can radiate radio frequency energy a nd, if not installed and used in accordance with the
instructions, may cause harmful interference to radio com munications. 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 turn ing the
equipment off and on, the user is encouraged to try to correct the interference by one or more of
the following measures:

- Reorient 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 important announcement
Important Note:

Radiation Exposure Statement

This equipment complies with FCC radiation exposure limits set forth for an uncontrolled
environment. This equipment should be installed and operated with minimum distance 20cm
between the radiator and your body.

This transmitter must not be co-located or operating in conjunction with any other antenna or
transmitter. Country Code selection feature to be disabled for products marketed to the US/Canada

This device is intended only for OEM integrators under the following conditions:
1.The antenna must be installed such that 20cm is maintained between the antenna and users, and
2.The transmitter module may not be co-located with any other transmitter or antenna,

Important Note:

In the event that these conditions cannot be met (for example certain laptop configurations or co-
location with another transmitter), then the FCC authorization is no longer considered valid and the
FCC ID cannot be used on the final product. In these circumstances, the OEM integrator will be
responsible for re-evaluating the end product (including the transmitter) and obtaining a separate
FCC authorization.

End Product Labeling
The final end product must be labeled in a visible area with the following" Contains FCC ID: 2ANIV-
NW-01"

Manual Information to the End User

The OEM integrator has to be aware not to provide information to the end user regarding how to
install or remove this RF module in the user’ s manual of the end product which integrates this mod
ule.

The end user manual shall include all required regulatory information/warning as show in this
manual.



Integration instructions for host product manufacturers according to KDB 996369 D03 OEM
Manual v01

2.2 List of applicable FCC rules

CFR 47 FCC PART 15 SUBPART C has been investigated. It is applicable to the modular transmitter
2.3 Specific operational use conditions

This module is stand-alone modular. If the end product will involve the Multiple simultaneously transmitting condition or different
operational conditions for a stand-alone modular transmitter in a host, host manufacturer have to consult with module manufacturer
for the installation methodin end system.

2.4 Limited module procedures
Mot applicable

2.5 Trace antennadesigns
Mot applicable

2.6 RF exposure considerations

This equipment complies with FCC radiation exposure limits set forth for an uncontrolled environment. This equipment should be
installed and operated with minimum distance 20cm between the radiator & your body.

2.7 Antennas

This radio transmitter FCC 1D: 2ANIV-NW-01 has been approved by Federal Communications Commission to operate with the

antenna types listed below, with the maximum permissible gain indicated. Antenna types not included in this list that have a gain
greaterthan the maximum gain indicated for any type listed are strictly prohibited for use with this device.

Antenna No Model No. of Type of antenna and Frequency range:
) antenna: Gain of the antenna (Max.) . ¥ renge:
2.4G / Internal Antenna, 2.5dBi (Max.) 2400-2500MHz

2.8 Label and compliance information

The final end product must be labeled in a visible area with the following” Contains FCC ID: 2ANIV-NW-01".

2.9 Information on test modes and additional testing requirements

Host manufacturer is strongly recommendedto confirm compliance with FCC requirements for the transmitter when the module is
installedin the host.

2.10 Additional testing, Part 15 Subpart B disclaimer

Host manufacturer is responsible for compliance of the host system with module installed with all other applicable requirements for
the system such as Part 15 B.



ISED Statement

English: This device complies with Industry Canada license- exempt RSS standard(s). Operation is
subject to the following two conditions: (1) This device may not cause interference, a nd (2) This
device must accept any interference, including interference that may cause undesired operation of
the device.

The digital apparatus complies with Canadian CAN ICES- 3 (B)/NMB- 3(B).

- French: Le présentappareilestconforme aux CNR d'Industrie Canada applicables aux appareils
radio exempts de licence. L'exploitationestautorisée aux deux conditions suivantes: (1) I'appareil ne
doit pas produire de brouillage, et (2) I'utilisateur de I'appareildoit accepter tout brouillageradi
oélectriquesubi, mémesi le brouillageest susceptible d'encompromettre le fonctionnement.
I'appareil numérique du ciem conforme canadien peut - 3 (b)/nmb - 3 (b).

This device meets the exemption from the routine evaluation limits in section 2.5 of RSS 102 and
compliance with RSS 102 RF exposure, users can obtain Canadian information on RF exposure
and compliance.

cet appareil est conforme a I'exemption des limites d'évaluation courante dans la section 2.5 du cnr
- 102 et conformité avec rss 102 de I'exposition aux rf, les utilisateurs peuvent obtenir des données
canadiennes sur I'exposition aux champs rf et la conformité.

This equipment complies with Canada radiation exposure limits set forth for an uncontrolled
environment.

Cet équipement est conforme Canada limites d'exposition aux radiations dans un environnement
non contrélé.

This equipment should be installed and operated with minimum distance 20cm between the radiator
& your body.

Cet équipementdoit étre installé et utilisé a une distance minimale de 20 cm entre le radiateur et
votre corps.

ISED Modular Usage Statement

NOTE 1: When the ISED certification number is not visible when the module is installed inside
another device, then the outside of the device into which the module is installed must also display a
label referring to the enclosed module. This exterior label can use the

wording ” Contains transmitter module IC: 22889-NWO01” or “ Contains IC: 22889-NWO01" .

NOTE 1: Lorsque le numéro de certification ISED n'est pas visible lorsque le module est installé
dans un autre appareil, I'extérieur de lI'appareil dans lequel le module est installé doit également
afficher une étiquette faisant référence au module inclus. Cette étiquetteextérieure peut étre libellée
Contient le module émetteur IC: 22889-NWO01 ou Contient IC: 22889-NWO0L1.
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