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BM3603-0x-1
Sub-1GHz OOK/GFSK TRX Module

Features

Operating voltage range: 1.8V~3.6V
Frequency range: 315MHz~915MHz

Modulation: OOK/GFSK
Data rate:

+ OOK: 0.5kbps~20kbps
+ GFSK: 2kbps~250kbps

TX output power: 0dBm~20dBm

Operating current:

¢ 0.4pA (Typ.) @ 3.3V, Deep Sleep mode
+ 5.8mA (Typ.) @ 3.3V, 433MHz RX 2kbps
+ 43.0mA (Typ.) @ 3.3V, 433MHz TX 13dBm

RX sensitivity:

¢ -120dBm (Typ.) @ 3.3V, 433MHz, 2kbps & BER=0.1%

¢+ -111dBm (Typ.) @ 3.3V, 433MHz, 50kbps & BER=0.1%
¢ -103dBm (Typ.) @ 3.3V, 433MHz, 250kbps & BER=0.1%
Maximum input power: 10dBm @ RF-in, BER<0.1%

Interface: 12-pin stamp hole

Size: 15.0mm(L)*18.5mm(W)x2.6mm(H)

General Description

The BM3603-0x-1 is a Sub-1GHz OOK/GFSK transceiver module designed based on the BC3603
device. This module can be used for wireless applications in the 315MHz, 433MHz, 470MHz,
868MHz and 915MHz ISM (Industrial, Scientific and Medical) bands. The external host MCU can
access the module through a 3-wire or 4-wire SPI interface for wireless data communication.

Applications

Ceiling fans/lights
Wireless switches
Wireless doorbells

Wireless smoke detectors

Selection Table

Part No. Available Frequency Band | Optimal Operating Frequency | Supported Frequency Range
BM3603-03-1 315MHz 315MHZ 290MHz~349MHZ
BM3603-04-1 433MHz 433.92MHz 396.92MHz~471.92MHZ
BM3603-08-1 868MHz 868.35MHz 805.35MHz~923.35MHZ
BM3603-09-1 915MHz 915MHz 856MHZ~966MHz

*Module features cannot be ensured under the supported frequency range, so the above optimal operating

frequencies are recommended.

*Products are available from Best Modules
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Pin Description

Pin Function Type Description
1 AGND PWR Negative power supply, ground
2 VDD PWR Positive power supply
3 CSN DI SPI chip select input, low active
4 GIO1 DI/DO Multi-function 1/0 1
5 GlO2 DI/DO Multi-function I/O 2
6 SDIO DI/DO SPI data input/output
7 SCK DI SPI clock input
8 GIO3 DI/DO Multi-function 1/0 3
9 GlO4 DI/DO Multi-function 1/0 4
10 AGND PWR Negative power supply, ground
11 ANT Al Antenna input
12 AGND PWR Negative power supply, ground

Legend: DI=digital input; DO=digital output; Al=analog input; PWR=power

Technical Specifications

Absolute Maximum Ratings

SUPPLY VOIEAZE ..ottt ettt ens
Digital INput VOItAZE ....c.eevvenieieiiiiecieeeeeeee e
StOrage TEMPETATUTE. .....c.eeueeueenietetesteste ettt ettt ettt et et ebe ettt et et et et et besbesbeeseeseenean
Operating (Ambient) TEMPETatUIe ..........cceveririiiiiiieiceer e
ESD HBM ...ttt

Note: The devices are ESD sensitive. HBM (Human Body Mode) is based on MIL-STD-883.

D.C. Electrical Characteristics

Vss-0.3V~Vss+3.6V
Vss-0.3V~Vppt0.3V
-60°C~150°C

Ta=25°C, Vop=3.3V, fxra.=16MHz, GFSK modulation with matching circuit and low/high pass filter
RF output is powered byVop (3.3V), unless otherwise specified

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Top Operating Temperature — -40 — 85 °C
Voo Supply Voltage — 1.8 3.3 3.6 \%
Current Consumption
Deep Sleep Mode Current
|DeepS\eep Consumption — —_— 0.4 1.0 HA
I Idle Mode Current Consumption LIRC on, X'tal off — 1.6 — HA
lignsier | 0Nt Sleep Mode Current Xtal on — o6 | — | m
Consumption
Standby Mode Current Consumption . 39 .
@ 315/433MHz ) ) '
I standby — X'tal on, Synthesizer on mA
Standby Mode Current Consumption . 39 .
@ 868/915MHz '
Rev. 1.00 5 July 24, 2023
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Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
RX mode @ 2kbps — 6 —
RX mode @ 250kbps — 6.6 —
.| TX mode @ 0dBm Pour — 17 —
315MHz Band Current Consumption mA
TX mode @ 10dBm Pour — 30 —
TX mode @ 13dBm Pour — 43 —
TX mode @ 19dBm Pour — 74 —
RX mode @ 2kbps — 6 —
RX mode @ 250kbps — 6.6 —
.| TX mode @ 0dBm Pour — 19 —
433MHz Band Current Consumption mA
TX mode @ 10dBm Pour — 33 —
TX mode @ 13dBm Pour — 43 —
TX mode @ 19dBm Pour — 7 —
Irx/lTx
RX mode @ 2kbps — 6.8 —
RX mode @ 250kbps — 7.5 —
_ | TX mode @ 0dBm Pour — 19 —
868MHz Band Current Consumption mA
TX mode @ 10dBm Pour — 35 —
TX mode @ 13dBm Pour — 47 —
TX mode @ 19dBm Pour — 88 —
RX mode @ 2kbps — 6.6 —
RX mode @ 250kbps — 7.4 —
| TX mode @ 0dBm Pour — 19 —
915MHz Band Current Consumption mA
TX mode @ 10dBm Pour — 36 —
TX mode @ 13dBm Pour — 46 —
TX mode @ 19dBm Pour — 86 —

RF Electrical Characteristics

Ta=25°C, Vop=3.3V, fxra.=16MHz, GFSK modulation with matching circuit and low/high pass filter
RF output is powered byVop (3.3V), unless otherwise specified

Symbol Parameter Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit

RF Characteristics
315MHz band — 315 —
433MHz band — 43392 —

fre RF Frequency Band 470~510MHz band — 490 — MHz
868MHz band — 868.3 —
915MHz band — 915 —
OOK modulation 0.5 — 20

DR Data Rate - kbps
GFSK modulation 2 — 250

Transmitter
433MHz band 0 — 20

Pour TX Output Power dBm
868MHz band 0 — 20

tstrx TX Settling Time Light Sleep mode to TX mode — 120 — us
f<1GHz — — -36
47MHz<f<74MHz

TX Spurious Emission 87.5MHz<f<118MHz

S-Emx (POUpT=10dBm) 174MHz<f<230MHz — | T | 4| dBm
470MHz<f<862MHz
2n 3 Harmonic — — -30

Rev. 1.00 6 July 24, 2023
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Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Receiver
tstrx RX Settling Time Light Sleep mode to RX mode — 150 — us
2kbps (foev=8kHz) — -119 —
o 10kbps (foev=40kHz) — -112 —
g%“é';igf;ens't'v'ty 50kbps (foev=18.75kHz) — [ 110 | — | dBm
125kbps (foev=46.875kHz) — -106 —
250kbps (foev=93.75kHz) — | 1103 | —
2kbps (foev=8kHz) — -120 —
o 10kbps (foev=40kHz) — -113 —
g’%“é';igfofens't""ty 50kbps (foev=18.75kHz) — [ am | — | dBm
125kbps (foev=46.875kHz) — -106 —
- 250kbps (foev=93.75kHz) — | 1103 | —
2kbps (foev=8kHz) — -119 —
o 10kbps (foev=40kHz) — -112 —
?@688'\@:15)1(;6”3'“"“3’ 50kbps (foev=18.75kHz) — [ 09 | — | dBm
125kbps (foev=46.875kHz) — | 105 | —
250kbps (foev=93.75kHz) — | 102 | —
2kbps (foev=8kHz) — -119 —
. 10kbps (foev=40kHz) — | M2 | —
g%“é';igf;ens't""ty 50kbps (forv=18.75kHz) — 109 | — | dBm
125kbps (foev=46.875kHz) — | 105 | —
250kbps (forv=93.75kHz) — | 102 | —
Pinmax | Maximum Input Power @ BER<0.1% — — — 10 dBm

Functional Description

TX/RX FIFO Mode (DIR_EN=0)

If the DIR_EN bit is cleared to 0, the device mode transactions are implemented by strobe command
from the host MCU and the TX/RX data are derived from the packet handling hardware.

Initially, the BC3603 is in the Power Down mode. After the device completes the internal power on reset,
it will enter the Deep Sleep mode and wait for further strobe commands from the host MCU. If the Light
Sleep command is received, the device will enable the internal LDO, oscillate the XO and enter the Light
Sleep mode. In this state, the host MCU can have the BC3603 execute calibration process if necessary.
For normal TRX operations, the host MCU can issue an RX or TX command to the BC3603.

After receiving the TX or RX command, the device will first enter the Standby mode which lasts
a certain period known as TX/RX settling time. After the settling time has escaped, the device will
finally enter the RX or TX mode. The device will stay in the TX/RX sate until the TX/RX event is
completed, after which the device will return to the Light Sleep mode automatically.

For low power periodical wireless transmission, the device supports low power Idle mode where
the LIRC and wake-up timer are turned on. By appropriate timer setting and issuing the Idle mode
command, the device will turn off the LDO and XO and enter the Idle mode.

The wake-up timer starts to count after ATR_EN is set to “1”. The device stays in the Idle mode until
the timer expires and then an IRQ will be asserted on the GIO to wake up the host MCU. Then the
host MCU can have the device enter the Light Sleep mode and continue to execute normal TX/RX
operations. After the TX/RX event is completed, the host MCU can issue the Idle command to have
the device return to the Idle mode again.

Rev. 1.00

7 July 24, 2023



” BEST BM3603-0x-1

Sub-1GHz OOK/GFSK TRX Module

Power Down

Power On

Deep Sleep Deep Sleep

Light
Sleep

Calibration
enabled

Sleep Calibrations

Auto (calibration completed)

Light Sleep

Standby/
RX/TX(~64us)

Auto (TX completed)/
Light Sleep

Auto (RX completed)/
Light Sleep

FIFO Mode State Diagram

TX/RX Direct Mode (DIR_EN=1)

If the DIR_EN bit is set to 1, TX data is derived directly from the host MCU to BC3603 and RX
data is sent directly from the BC3603 to the host MCU. In order to simplify the data bit clock
synchronization between the BC3603 and the host MCU, the BC3603 outputs the TBCLK/RCLK
from GIO3 by setting GIO3S[3:0]. Both TBCLK and RBCLK are in 50/50 duty cycle.

In the transmitting mode, the host MCU outputs bit data at the rising edge of the TBCLK signal and
the BC3603 samples the TX bit data at the falling edge of the TBCLK signal. In the receiving mode,
the host MCU receives data at the rising edge of the RBCLK signal and the BC3603 outputs bit data
at the falling edge of the RBCLK signal. The host MCU can select GIO1 or GIO2 for the TX/RX bit
data transmission by setting GIO1S[2:0] or GIO2S[2:0].

For TX operations in the direct mode, the host MCU needs to set the OM[1:0] bits, i.e. RTX SEL
and SX _EN, to 11b to select the TX mode and have the BC3603 enter standby mode first, then set
the OM[2] bit, RTX EN, to 1 to have the BC3603 start to transmit the TX data. As long as the host
MCU sets OM[2:0] to 000b, the BC3603 will return to the Light Sleep mode.

For RX operations in the direct mode, the host MCU needs to set OM[1:0] to 01b first, then set
OM]2] to 1 to have the BC3603 start to receive data from the air. After the BC3603 receives the
matched SYNCWORD code, it will output the RBCLK clock, receive data bit (payload part) and
then transmit to the host MCU. In direct mode, the transmission data length has no limit.

Rev. 1.00
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Interface

Power Down

Power On

Deep Sleep Deep Sleep

Calibration
Calibrations

Auto (calibration completed)

Light Sleep

OM[1:0]=01b (RX)
OM[1:0]=11b (TX)
(wait~64us)

OM[2:0]=000b OM[2:0]=000b

OM[2]=1

Direct Mode State Diagram

SPI Communication Format

The BC3603 communicates with a host MCU via a 3-wire SPI interface (CSN, SCK, SDIO) or a
4-wire SPI interface (SDO from GIO1 or GIO2) with a data rate up to 4Mbps. An SPI transmission
is an (8+8x%n) bits sequence which consists of an 8-bit command and nx8 bits of data, where n can
be 0 or any natural number. If the number n is greater than the address boundary, the address will
return to zero. The host MCU should pull the CSN (SPI chip select) pin low in order to access the
BC3603. Using the SPI interface, user can access the control registers and issue Strobe commands.
When writing data to the RF chip, the SPI data will be latched into the registers at the rising edge of
the SCK signal. When reading data from the RF chip registers, the bit data will be transferred at the
falling edge of the SCK signal after the target register address has been input.

Command (8 bits) Data (8 bits)
c7/ce c5|ca|c3]c2|c1|co D7 |D6|D5| D4 | D3| D2 D1|DO

SPI Command Format

Two kinds of command are defined. One is 1-byte command only, named CmdO, and the other is
1-byte command followed by n-byte data, named CmdD.

Rev. 1.00
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C7/C6|C5|C4 C3|C2|C1]|Co0 Description CmdO | CmdD
0| 1 |A5| A4 | A3 | A2 | A1 | A0 |Write to control registers N
1 1 | A5 | A4 | A3 | A2 | A1 | A0 |Read from control registers N
0| 0| 1| x| x| x |B1]|B0|Setregister bank N
00| O 1 X x | x | 0 |Write SYNCWORD command v
110|101 x| x| x| 0 |Read SYNCWORD command v
0/ 0,0 1| x| x| x| 1 |TXFIFO write command N
1 0|0 1 X X | X 1 |RXFIFO read command N
1 0|0 1 1 1 1 1 |Read Chip ID command v
o000 1 0 | 0 | O |Software resetcommand v
0 0 0 0 1 0 0 1 | TX FIFO address pointer reset command N
1 0 0 0 1 0 0 1 |RX FIFO address pointer reset command N
0/ 0|0|0]| 1| 0| 1| 0 |DeepSleep mode v
o000 |1]0]1 1 |ldle mode v
0/ 0,0|0|1| 1|0/ 0 |LightSleep mode N
0/ 0,001 1|0/ 1 |Standby mode v
0Oo|0|0 |0 1 1 1 0 |TX mode N
110100 /|1|1]| 1|0 |RXmode \/
SPI Timings
ts_csn tH_spio tsokt fscx tH_cs
i ts_spio} { i i
CSN | malling [
sek _ AL -
spio. (7 )(C8 XS5 Xt X5 X G2 ST X COXDHrXowe)Tws - XDwa(BwiYEwoX
\RF IC will latch address bits \ RF IC will latch data bits
at the rising edge of SCK at the rising edge of SCK
3-Wire SPI Interface Write 1-byte Data Operation
CSN™ ] [

sck__ & VAL ML M.
spio_ X a7 CO XDi7 XDr6 X Dr5 X ... X Dr2 XDr1 XDro)

o} ol
RF IC will latch address bits ~ RF IC will change the data RF IC will latch data bits
at the rising edge of SCK at the falling edge of SCK at the rising edge of SCK

3-Wire SPI Interface Read 1-byte Data Operation

*Products are available from Best Modules
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Application Circuits

3-Wire SPI Mode

4-Wire SPI Mode

Layout Description

PCB Footprint
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Layout Guidelines
1. Provide a stable power supply and add appropriate filter capacitors.
2. Keep away from DC-DC circuits as much as possible.
3. Reserve a 7 type matching circuit for the antenna.

4. During module application, ensure that the antenna is as far away from any metal objects as
possible within a space of 1cm.

Layout Example
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Dimensions
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The information provided in this document has been produced with reasonable
care and attention before publication, however, BEST MODULES does not
guarantee that the information is completely accurate. The information contained in
this publication is provided for reference only and may be superseded by updates.
BEST MODULES disclaims any expressed, implied or statutory warranties,
including but not limited to suitability for commercialization, satisfactory quality,
specifications, characteristics, functions, fitness for a particular purpose, and non-
infringement of any third-party’s rights. BEST MODULES disclaims all liability
arising from the information and its application. In addition, BEST MODULES
does not recommend the use of BEST MODULES’ products where there is a risk
of personal hazard due to malfunction or other reasons. BEST MODULES hereby
declares that it does not authorise the use of these products in life-saving, life-
sustaining or safety critical components. Any use of BEST MODULES’ products
in life-saving/sustaining or safety applications is entirely at the buyer’s risk, and
the buyer agrees to defend, indemnify and hold BEST MODULES harmless from
any damages, claims, suits, or expenses resulting from such use. The information
provided in this document, including but not limited to the content, data, examples,
materials, graphs, and trademarks, is the intellectual property of BEST MODULES
(and its licensors, where applicable) and is protected by copyright law and other
intellectual property laws. No license, express or implied, to any intellectual
property right, is granted by BEST MODULES herein. BEST MODULES reserves
the right to revise the information described in the document at any time without
prior notice. For the latest information, please contact us.
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