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1.  

SX1276/77/78 LoRaTM

FSK OOK LoRaTM FSK

8dB 20ppm LoRaTM FSK 20dB

LoRaTM

BW SF

CR

FSK

SX1276/77/78 GFSK FSK OOK GMSK

M-BUS IEEE 802.15.4g  

SX1276 7.8~500kHz 6~12 SX1277

SX1276 6~9 SX1278

SX1276 UHF  

1.1.  

 

  

 

 

  



1.2.  

 

 SX1276/77/78  

  
 

   

SX1276 137~1020MHz 6~12 7.8~500kHz 0.018~37.5kbps -111~-148dBm 

SX1277 137~1020MHz 6~9 7.8~500kHz 0.11~37.5kbps -111~-139dBm 

SX1278 137~525MHz 6~12 7.8~500kHz 0.018~37.5kbps -111~-148dBm 

 

1.3.  

QFN  

 

  

  



1.4.  

  

    

 SX1276/77(78) SX1276/77(78) SX1276/77(78) 

0 GROUND -  

1 RFI_LF I 2&3  

2 VR_ANA -  

3 VBAT_ANA -  

4 VR_DIG -  

5 XTA I/O XTAL TCXO  

6 XTB I/O XTAL  

7 NRESET I/O  

8 DIO0 I/O I/O  

9 DIO1/DCLK I/O I/O  

10 DIO2/DATA I/O I/O  

11 DIO3 I/O I/O  

12 DIO4 I/O I/O  

13 DIO5 I/O I/O  

14 VBAT_DIG -  

15 GND -  

16 SCK I SPI  

17 MISO O SPI  

18 MOSI I SPI  

19 NSS I SPI  

20 RXTX/RF_MOD O Rx/Tx  Tx  

21 RFI_HF(GND) I(-) 1  

22 RFO_HF(GND) O(-) 1  

23 GND -  

24 VBAT_RF -  

25 VR_PA - PA  

26 GND -  

27 PA_BOOST O PA  

28 RFO_LF O 2&3  

 

  



1.5.  

 

 

  

7/7/7/7/7 5 

 

6x6 28 MLPQ  

Nnnnnn= SX1276  

yyww= 1352  

xxxxxxx= EA90101  

xxxxxxx 0101-10  

 



2.  

2.1. ESD  

SX1276/77/78  

 JEDEC JESD22-A114-B  

 JEDEC JESD22-C101C  

ESD  

2.2.  

 

  

     

VDDmr  -0.5 3.9 V 

Tmr  -55 +115 °C 

Tj  - +125 °C 

Pmr  - +10 dBm 

 

+20dBm 5.4.3  

2.3.  

  

     

VDDop  1.8 3.7 V 

Top  -40 +85 °C 

Clop  - 25 pF 

ML  - +10 dBm 

 

+20dBm 5.4.3  

2.4.  

  

      

THETA_JA  - 22.185 - °C/W 

THETA_JC 
 

- 
0.757 

- °C/W 

 



2.5.  

VDD=3.3V

=25°C FXOSC=32MHz FRF=169/434/868/915MHz POUT=+13dBm

2FSK FDA=5kHz =4.8kb/s 50Ohm Rx

Tx  

2 / 3 5.3.3

1  

2.5.1.  

  

  
 

    

IDDSL 

Sleep

 

 

- 

0.2 

1 uA 

IDDIDL

E  

RC  
- 

1.5 
- uA 

IDDST 
 

 
- 

1.6 
1.8 mA 

IDDFS 

 

FSRx 

- 

5.8 

- mA 

IDDR 
 

LnaBoost 1 

LnaBoost 1 

2&3 

- 

- 

- 

10.8 

11.5 

12.0 

- 

- 

- 

mA 

mA 

mA 

IDDT 

 

RFOP=+20dBm PA_BOOST

 

RFOP=+17dBm PA_BOOST

 

RFOP=+13dBm RFO_LF/HF

 

RFOP=+7dBm RFO_LF/HF  

 

- 

- 

- 

- 

120 

 

87 

 

29 

 

20 

- 

- 

- 

- 

mA 

mA 

mA 

mA 

 

2.5.2.  

  

       

FR   1 137 - 175 MHz 



2 

3 

410 

862 

- 

- 

525 

1020 

FXOSC   - 32 - MHz 

TS_OSC 
 

 - 250 - us 

TS_FS PllLock

 

 - 60 - us 

TS_HOP 
10kHz

 

200 kHz  

1MHz  

5MHz  

7MHz  

12MHz  

20MHz  

25MHz  

- 

- 

- 

- 

- 

- 

- 

20 

20 

50 

50 

50 

50 

50 

- 

- 

- 

- 

- 

- 

- 

us 

us 

us 

us 

us 

us 

us 

FSTEP  FSTEP=FXOSC/219 - 61.0 - Hz 

FRC RC   - 62.5 - kHz 

BRF FSK 1  1.2 - 300 kbps 

BRA 
FSK 

ABS BR~

BR  
- - 250 ppm 

BRO OOK  1.2 - 32.768 kbps 

BR_L 
LoRa

 

SF6 BW=500kHz

SF12 BW=7.8kHz 
0.018 - 37.5 kbps 

FDA 
FSK

1  

 

FDA+BRF/2=<250kH

z 

0.6 - 200 kHz 

 

0.5  

2.5.3. FSK/OOK  

RxBw=10kHz PN15

BER 0.1%

ACR IIP2 IIP3 AMR

3dB  

 FSK/OOK  

   

 
 

 

 

RFS_F_

LF 

RFI RFO

Rx Tx

FDA=5kHz BR=1.2kb/s 

FDA=5kHz BR=4.8kb/s 

- 

- 

-121 

-117 

- 

- 

dBm 

dBm 



FSK

LNA  

2&3 

FDA=40kHz BR=38.4kb/s* 

FDA=20kHz BR=38.4kb/s** 

FDA=62.5kHz

BR=250kb/s*** 

- 

- 

- 

-107 

-108 

-95 

- 

- 

- 

dBm 

dBm 

dBm 

RF

 

2&3 

FDA=5kHz BR=1.2kb/s 

FDA=5kHz BR=4.8kb/s 

FDA=40kHz BR=38.4kb/s* 

FDA=20kHz BR=38.4kb/s** 

FDA=62.5kHz

BR=250kb/s*** 

- 

- 

- 

- 

- 

-123 

-119 

-109 

-110 

-97 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_F_

HF 

RFI RFO

Rx Tx

FSK

LNA  

1 

FDA=5kHz BR=1.2kb/s 

FDA=5kHz BR=4.8kb/s 

FDA=40kHz BR=38.4kb/s* 

FDA=20kHz BR=38.4kb/s** 

FDA=62.5kHz

BR=250kb/s*** 

- 

- 

- 

- 

- 

-119 

-115 

-105 

-105 

-92 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

RF

LnaBoost

 

1 

FDA=5kHz BR=1.2kb/s 

FDA=5kHz BR=4.8kb/s 

FDA=40kHz BR=38.4kb/s* 

FDA=20kHz BR=38.4kb/s** 

FDA=62.5kHz

BR=250kb/s*** 

- 

- 

- 

- 

- 

-123 

-119 

-109 

-109 

-96 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_O 

OOK

LNA Rx Tx

 

BR=4.8kb/s 

BR=32kb/s 

- 

- 

-117 

-108 

- 

- 

dBm 

dBm 

CCR 
FSK

 
 - -9 - dB 

ACR  

FDA=5kHz BR=1.2kb/s 

=+/-25kHz

+/-50kHz 

3 

2 

1 

 

 

- 

- 

- 

 

 

60 

56 

50 

 

 

- 

- 

- 

 

 

dB 

dB 

dB 

BI_HF 1 

=+/-1MHz 

=+/-2MHz 

=+/-10MHz 

- 

- 

- 

71 

76 

84 

- 

- 

- 

dB 

dB 

dB 

BI_LF 2&3 

=+/-1MHz 

=+/-2MHz 

=+/-10MHz 

- 

- 

- 

71 

72 

78 

- 

- 

- 

dB 

dB 

dB 

IIP2 

 

LNA  - +55 - dBm 



20MHz 

IIP3_HF 

 

1MHz 1.995MHz 

1 

LNA G1 

LNA G2 5dB

 

 

- 

- 

 

-11 

-6 

 

- 

- 

 

dBm 

dBm 

IIP3_LF 

 

1MHz 1.995MHz 

2 

LNA G1 

LNA G2 2.5dB  

 

- 

- 

 

-22 

-15 

 

- 

- 

 

dBm 

dBm 

3 

LNA G1 

LNA G2 2.5dB  

 

- 

- 

 

-15 

-11 

 

- 

- 

 

dBm 

dBm 

BW_SSB   2.7 - 

2

5

0 

kHz 

IMR  3dB - 50 - dB 

IMA   - 57 - dB 

DR_RSS

I 
RSSI  

AGC   

  

- 

- 

-127 

0 

- 

- 

dBm 

dBm 

 

* RxBw=83kHz  

** RxBw=50kHz  

*** RxBw=250kHz  

2.5.4. FSK/OOK  

  

   

 
 

 

 

RF_OP 

RFO 50

RF

PA  

 

 

 

 

- 

- 

 

+14 

-1 

 

- 

- 

 

dBm 

dBm 

_V 

RFO RF

 

VDD=2.5~3.3V 

VDD=1.8~3.7V 

- 

- 

3 

8 

- 

- 

dB 

dB 

RF_OPH 

PA_BOOST

50 RF

PA  

1dB   

  

- 

- 

+17 

+2 

- 

- 

dBm 

dBm 

RF_OPH

_MAX 

PA_BOOST

RF  
 - +20 - dBm 

H_V 

PA_BOOST

RF
VDD=2.4~3.7V - +/-1 - dB 



 

 

PA_BOOST

RF

 

T=-40°C +85°C - +/-1 - dB 

PHN  

169MHz 3 

10kHz  

50kHz  

400kHz  

1MHz  

 

- 

- 

- 

- 

 

-118 

-118 

-128 

-134 

 

- 

- 

- 

- 

dBc/

Hz 

433MHz 2 

10kHz  

50kHz  

400kHz  

1MHz  

 

- 

- 

- 

- 

 

-110 

-110 

-122 

-129 

 

- 

- 

- 

- 

dBc/

Hz 

868/915MHz 1 

10kHz  

50kHz  

400kHz  

1MHz  

 

- 

- 

- 

- 

 

-103 

-103 

-115 

-122 

 

- 

- 

- 

- 

dBc/

Hz 

ACP 25kHz

 

BT=1 EN 300 

220-1 V2.3.1 
- - 

-3

7 
dBm 

TS_TR 
DCLK

 PaR-amp=10us BR=4.8kb/s 
- 120 - us 

 

  



2.5.5. LoRaTM  

LoRaTM  

 =3.3V 

 =25°C 

 fXOSC =32MHz 

 BW =125kHz 

 SF =12 

 EC =4/6 

 PER =1% 

 CRC  

 =13dBm 

 =64  

 =12 =8  

  

 LoRa  

   
  

 

 

IDDR_

L 

LoRaTM

LnaBoost  

2&3 BW=7.8~62.5kHz 

2&3 BW=125kHz 

2&3 BW=250kHz 

2&3 BW=500kHz 

- 

- 

- 

- 

11.0 

11.5 

12.4 

13.8 

- 

- 

- 

- 

mA 

mA 

mA 

mA 

1 BW=7.8~62.5kHz 

1 BW=125kHz 

1 BW=250kHz 

1 BW=500kHz 

- 

- 

- 

- 

9.9 

10.3 

11.1 

12.6 

- 

- 

- 

- 

mA 

mA 

mA 

mA 

IDDT_L 
 

RFOP=13dBm 

RFOP=7dBm 

- 

- 

28 

20 

- 

- 

mA 

mA 

IDDT_

H_L 
 

PA_BOOST  

RFOP=17dBm 
- 90 - mA 

BI_L 

 

CW

 

=+/-1MHz 

=+/-2MHz 

=+/-10MHz 

- 

89 

94 

100 

- 

dB 

dB 

dB 

IIP2_L 

 

20MHz 

LNA  - +55 - dBm 

IIP3_L_

HF 

 1 

LNA G1 

 

- 

 

-11 

 

- 

 

dBm 



1MHz 1.995MHz 

LNA G2 5dB  - -6 - dBm 

IIP3_L_

LF 

 

1MHz 1.995MHz 

2 

LNA G1 

LNA G2 2.5dB  

 

- 

- 

 

-22 

-15 

 

- 

- 

 

dBm 

dBm 

RFS_L

10_HF 

RF Lora

LNA

1LnaBoost

Rx/Tx

10.4kHz  

SF=6 

SF=7 

SF=8 

SF=11 

- 

- 

- 

- 

-131 

-134 

-138 

-146 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

RFS_L

62_HF 

RF Lora

LNA

1LnaBoost

Rx/Tx

62.5kHz  

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-121 

-126 

-129 

-132 

-135 

-137 

-139 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_L

125_H

F 

RF Lora

LNA

1LnaBoost

Rx/Tx

125kHz  

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-118 

-123 

-126 

-129 

-132 

-133 

-136 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_L

250_H

F 

RF Lora

LNA

1LnaBoost

Rx/Tx

250kHz  

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-115 

-120 

-123 

-125 

-128 

-130 

-133 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_L

500_H

F 

RF Lora

LNA

1LnaBoost

Rx/Tx

500kHz  

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-111 

-116 

-119 

-122 

-125 

-128 

-130 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_L

7.8_LF 

RF Lora

LNA

SF=12 

SF=11 

- 

- 

-148 

-145 

- 

- 

dBm 

dBm 



2 3

Rx/Tx

7.8kHz  

RFS_L

10_LF 

RF Lora

LNA

3

10kHz  

SF=6 

SF=7 

SF=8 

- 

- 

- 

-132 

-136 

-138 

- 

- 

- 

dBm 

dBm 

dBm 

RFS_L

62_LF 

RF Lora

LNA

3 62.5kHz

 

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-123 

-128 

-131 

-134 

-135 

-137 

-140 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_L

125_LF 

RF Lora

LNA

3 125kHz

 

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-121 

-125 

-128 

-131 

-134 

-136 

-137 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_L

250_LF 

RF Lora

LNA

3 250kHz

 

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-118 

-122 

-125 

-128 

-131 

-133 

-134 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_L

500_LF 

RF Lora

LNA

3 500kHz

 

SF=6 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

- 

-112 

-118 

-121 

-124 

-127 

-129 

-130 

- 

- 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

CCR_L

CW 

 

CW =

+6dB 

1%PER 

SF=7 

SF=8 

SF=9 

SF=10 

SF=11 

SF=12 

- 

- 

- 

- 

- 

- 

5 

9.5 

12 

14.4 

17 

19.5 

- 

- 

- 

- 

- 

- 

dB 

dB 

dB 

dB 

dB 

dB 

CCR_L  BW SF  -6  dB 



L LoRaTM  

PW= +3dB 

ACR_L

CW 
 

BW_Lx1.5 1%PER

CW = +3dB 

SF=7 

SF=12 

 

 

 

- 

- 

 

 

 

60 

72 

 

 

 

- 

- 

 

 

 

dB 

dB 

IMR_L

CW 
 

1%PER CW =

+3dB 
- 66 - dB 

FERR_

L 

SF 6~12 

BW +/-25%BW

 
 

+/-25

% 
 BW 

SF 10~12 

SF=12 

SF=11 

SF=10 

-50 

-100 

-200 

- 

- 

- 

50 

100 

200 

ppm 

ppm 

ppm 

 

2.5.6.  

=25°C VDD=3.3V FXOSC=32MHz  

  

       

VIH 
 

 0.8 - - VDD 

VIL 
 

 - - 0.2 VDD 

VOH 
 

Imax=1mA 0.9 - - VDD 

VOL 
 

Imax=-1mA - - 0.1 VDD 

FSCK SCK   - - 10 MHz 

tch 
SCK

 
 50 - - ns 

tcl 
SCK

 
 50 - - ns 

trise 
SCK

 
 - 5 - ns 

Tfall 
SCK

 
 - 5 - ns 



tsetup 
MOSI

 
MOSI SCK  30 - - ns 

thold 
MOSI

 
SCK MOSI  20 - - ns 

tnsetup 
NSS

 
NSS SCK  30 - - ns 

tnhold 
NSS

 

SCK NSS

 
100 - - ns 

tnhigh 

SPI

NSS

 

 20 - - ns 

T_DAT

A 

DATA

 
 250 - - ns 



3. SX1276/77/78  

SX1276/77/78

SX1276/77/78  

 

 SX1276/77/78  

SX1276/77/78

LNA LNA

IF

I&Q Sigma-Delta ADC

AFC

RSSI AGC TLS

 

LO UHF

525MHz UHF 860MHz

SX1276/77/78 PLL

PLL PLL

 

SX1276/77/78 RFO_LF RFO_HF

+14dBm

PA_BOOST

+20dBm

 

SX1276/77/78 RC 32MHz  

SPI

SX1276/77/78

SX1276/77/78  



SX1276/77/78 FSK LoRaTM

OOK FSK LoRaTM  

3.1. LoRaTM  

LoRaTM LoRaTM

SX1276/77/78

4.1  

3.2. FSK/OOK  

FSK/OOK SX1276/77/78 OOK FSK GFSK MSK GMSK

AFC SX1276/77/78

FSK/OOK 4.2



4. SX1276/77/78  

4.1. LoRaTM  

LoRaTM FSK OOK

LoRaTM

 

 LoRa
TM

868MHz  

kHz    

bps  dBm  

 

10.4 6 4/5 782 -131 

TCXO 
12 4/5 24 -147 

20.8 6 4/5 1562 -128 

12 4/5 49 -144 

62.5 6 4/5 4688 -121 

XTAL 
12 4/5 146 -139 

125 6 4/5 9380 -118 

12 4/5 293 -136 

 

62.5kHz TCXO

 

 

ERC 70-03

LoRaTM  

LoRaTM GMSK

20dB LoRaTM

 

4.1.1. LoRaTM  

4.1.1.1.  

LoRaTM RegOpMode

FSK LoRaTM

FSK OOK

LoRaTM

 



 

 LoRa
TM

 

LoRaTM

FIFO SPI LoRaTM

SX1276/77/78

6  

LoRaTM

 

4.1.1.2.  

LoRaTM

Rs

LoRaTM  

  

 

RegModulationCfg  

 

/  

LoRa  

SNR  

6 64 -5 dB 

7 128 -7.5 dB 

8 256 -10 dB 

9 512 -12.5 dB 



10 1024 -15 dB 

11 2048 -17.5 dB 

12 4096 -20 dB 

 

SpreadingFactor

LoRa  

6 

SF 6 LoRa

SX1276/77/78  

 RegModemConfig2 SpreadingFactor 6  

  

 0x31 2 0 0b101  

 0x37 0x0C  

4.1.1.3.  

LoRaTM

 

  

RegTxCfg1    

1 4/5 1.25 

2 4/6 1.5 

3 4/7 1.75 

4 4/8 2 

 

LoRaTM 4.1.1.6  

4.1.1.4.  

FSK

LoRaTM

LoRaTM 2.5.5  

 LoRa  

kHz    bps  

7.8 12 4/5 18 



10.4 12 4/5 24 

15.6 12 4/5 37 

20.8 12 4/5 49 

31.2 12 4/5 73 

41.7 12 4/5 98 

62.5 12 4/5 146 

125 12 4/5 293 

250 12 4/5 586 

500 12 4/5 1172 

 

169 MHz 250kHz 500kHz  

4.1.1.5. LoRaTM  

LoRaTM  

 

BW SF

 

4.1.1.6. LoRaTM  

LoRaTM

CRC

 

LoRaTM  

  

  

  



 

 LoRa
TM

 

 

12

6 65536 6+4

65535+4  

 

 

RegModemConfig1

ImplicitHeaderModeOn  

 

 

  

  

 16 CRC  

4/8 CRC

 

 

CRC

CRC  

SF 6  

 



LowDataRateOptimize

LoRa 16 LowDataRateOptimize

LowDataRateOptimize  

 

CR

CRC FIFO 4.1.2.3  

4.1.1.7.  

SF CR BW

LoRaTM  

 

LoRa

 

 

npreamble RegPreambleMsb

RegPreambleLsb

 

 

 

 PL  

 SF  

 H=0 H=1  

 LowDataRateOptimize 1 DE=1 DE=0 

 CR 1-4 

 

 

 



 

4.1.1.8. LoRaTM  

FHSS 902-928MHz ISM

FHSS RegHopPeriod FreqHoppingPeriod

LoRaTM  

 

FHSS LoRaTM MCU

FreqHoppingPeriod ,  

 

0 0

FhssPresentChannel RegHopChannel

FhssChangeChannel

ChangeChannelFhss  

FHSS 0

CRC 0  

 

FhssChangeChannel

 



  

4.1.2. LoRaTM  

LoRaTM FIFO

SX1276/77/78 SPI

6.4 SPI  

4.1.2.1. LoRaTM  

SPI

LoRaTM TLS

38 LoRaTM FSK/OOK

FSK/OOK LoRaTM

5  

4.1.2.2.  

 

4.1.2.3. LoRaTM FIFO  

 

SX1276/77/78 256 RAM LoRa RAM

LoRaTMFIFO SPI FIFO

FIFO



 

 

 LoRa
TM

 

 

FIFO

RegFifoTxBaseAddr

RegFifoRxBaseAddr  

Rx RegFifoRxBaseAddr

0x00 Tx RegFifoTxBaseAddr 0x80  

FIFO Tx Rx 256

FIFO FIFO

RegFifoTxBaseAddr RegFifoRxBaseAddr

0x00 FIFO  

FIFO FIFO

LoRaTM FIFO

FIFO

 

SPI FIFO RegFifoAddrPtr

FIFO

RegFifo FIFO  



RegRxNbBytes

RegPayloadLength

RegRxNbBytes

RegFifoRxCurrentAddr FIFO

RegFifoAddrPtr RegFifoRxCurrentAddr  

CRC FIFO

Rx  

4.1.3. LoRaTM  

4.1.3.1.  

LoRaTM RegOpMode LongRangeMode LoRaTM

 

 LoRa
TM

 

  

 

SPI LoRa FIFO

 

, FSK/OOK LoRa  

 LoRa PLL  

FSTx  
PLL

 

FSRx  
PLL

 

TX  
SX1276/77/78

PA  

RX  
SX1276/77/78

 

RX  
SX1276/77/78

 

CAD  CAD LoRa  

 

RegOpMode  

4.1.4.  

 



 

LO  

Frf 24  

 

4.1.5. LoRaTM  

LoRaTM

 

 

PLL PA

9 LoRaTM  



 

 LoRa
TM

 

 FSTx  

 LoRaTM FIFO  

 TX  

 TxDone  

 FIFO

Tx  

LoRaTM FIFO  

FIFO  



1 FifoPtrAddr FifoTxPtrBase  

2 PayloadLength FIFO (RegFifo) 

 

10 LoRaTM  

 

 LoRa
TM

 

LoRa  



1.  

2.  

 

 

RxTimeout

RegSymbTimeout 4

1023 5 RxTimeout

 

CRC RxDone PayloadCrcError

CRC FIFO

RxDone  

RxDone RxTimeout

RX

RX  

RX PLL  

1 FifoAddrPtr FifoRxBaseAddr  

2 FSRx  

3 RX  

4 

ValidHeader

RxDone  

5 PayloadCrcError  

6 FIFO

RX

SPI FifoAddrPtr

FifoRxBaseAddr



 

 

RegPreambleMsb RegPreambleLsb

Rx Rx

 

MCU FIFO  

 

1. RXCONT  

2. RxDone RXCONT

LoRaTM  

3. PayloadCrcError  

4. FIFO  

5. 2-4  

RxDone  

FIFO  

FIFO RegIrqFlags ValidHeader

PayloadCrcError RxDone RxTimeout

 

FIFO

 

 RegRxNbBytes  

 RegFifoAddrPtr LoRa  

 RegFifoAddrPtr RegFifoRxCurrentAddr FIFO FIFO

RegRxNbBytes RegFifo

 



 RegFifoAddrPtr RegFifoRxByteAddr RegRxNbBytes

RegRxNbBytes RegFifo  

 

LoRa SX1276/77/78

4

 

 

 

 RxDone start_address RegFifoRxByteAddr[7:0]

SX1276/77/78 RegFifoRxByteAddr[7:0] LoRa

+1

start_address  

 ValidHeader RegFifoRxByteAddr[7:0]

 

 RegFifoRxByteAddr[7:0] +4 4

FIFO

Rx Rx LoRa

 

 

LoRaTM

RegIrqFlags RxTimeout Rx

Rx

Rx Rx

Rx MCU

 

 

CAD  

RSSI



LoRaTM 11 CAD  

 



 LoRa
TM

 CAD  

 

LoRa CAD

SX1276/77/78 LoRa  

CAD  

 PLL  

 LoRa Rx

 

 PLL  

 

 

 CadDone

CadDetected  

  

 Rx

 

LoRa CAD

LoRa CAD (2SF+32)/BW

 



 

 CAD  

CAD

 

 

 LoRa CAD  

CAD LoRa  

 LoRa CAD  

kHz  Rx IDDR_L (mA) IDDC_L (mA) 

7.8 41.7 11 5.2 

62.5 11 5.6 



125 11.5 6 

250 12.4 6.8 

500 13.8 8.3 

 

2 3  

4.1.5.1 IO  

SX1276/77/78 6 IO LoRaTM

RegDioMapping1 RegDioMapping2  

 LoRa
TM

DIO  

 

DIOx

 
DIO5 DIO4 DIO3 DIO2 DIO1 DIO0 

 

00 ModeReady CadDetected CadDone 
FhssChange

Channel 
RxTimeout RxDone 

01 ClkOut PllLock ValidHeader 
FhssChange

Channel 

FhssChangeC

hannel 
TxDone 

10 ClkOut PllLock PayloadCrcError 
FhssChange

Channel 
CadDetected CadDone 

11 - - - - - - 

 

4.1.6.  

RegModemStat ModemStatus LoRa Rx

 

 0 Signal Detected LoRa  

 1 Signal Synchronized  

 3 Header Info Valid CRC  

4.2. FSK/OOK  

4.2.1.  

3.2.2 10 DIO1/DCLK DCLK

9 DIO2/DATA

4.2.2.3.  

RegBitrateMsb RegBitrateLsb

Bitrate  



 

BitrateFrac OOK 0  

BitrateFrac 250ppm

16  

  

 
15:8  7:0  

G FSK 

G MSK 
OOK 

/  

1.2 kbit/s  

0x68 0x2B 1.2 kbit/s 1.2 kbit/s 1200.015 

0x34 0x15 2.4 kbit/s 2.4 kbit/s 2400.060 

0x1A 0x0B 4.8 kbit/s 4.8 kbit/s 4799.760 

0x0D 0x05 9.6 kbit/s 9.6 kbit/s 9600.960 

0x06 0x83 19.2 kbit/s 19.2 kbit/s 19196.16 

0x03 0x41 38.4 kbit/s  38415.36 

0x01 0xA1 76.8 kbit/s  76738.60 

0x00 0xD0 153.6 kbit/s  153846.1 

0.9 kbit/s  

0x02 0x2C 57.6 kbit/s  57553.95 

0x01 0x16 115.2 kbit/s  115407.9 

12.5 

kbit/s 25 kbit/s 50 

kbit/s  

0x0A 0x00 12.5 kbit/s 12.5 kbit/s 12500.00 

0x05 0x00 25 kbit/s 25 kbit/s 25000.00 

0x80 0x00 50 kbit/s  50000.00 

0x01 0x40 100 kbit/s  100000.00 

0x00 0xD5 150 kbit/s  150234.7 

0x00 0xA0 200 kbit/s  200000.00 

0x00 0x80 250 kbit/s  250000.00 

0x00 0x6B 300 kbit/s  299065.4 

Xtal  0x03 0xD1 32.768 kbit/s 32.768 kbit/s 32753.32 

 

4.2.2. FSK/OOK  

4.2.2.1.FSK  

PLL PLL FSK

Sigma-delta FDEV

 

 

 



 

600Hz-200kHz  

4.2.2.2.OOK  

OOK

OOK  

4.2.2.3  

OOK FSK

RegPaRamp PaRamp  

 FSK BT 0.5 1 Sigma-delta

SX1276/77/78

10 DIO1/DCLK DCLK uC

4.2.12.2  

 OOK PA PA

 

ModulationShaping  

4.2.3. FSK/OOK  

4.2.3.1. FSK  

SX1276/77/78 FSK FSK GFSK MSK GMSK

0.5 10  

 

FSK  

4.2.3.2. OOK  

OOK RSSI RegOokPeak

OokThreshType  

14  



 

 OOK  

RSSI 6dB 0

OokPeakThreshDec OokPeakThreshStep  

RSSI 0

OokFixedThresh  

OOK

 

 

OokFixedThresh

OOK OokFixedThresh  

 

  

  

 SAW,  

  

OokFixedThresh

OokFixedThresh  



 

  

OOK  

OOK  

OOK OokPeakThreshStep OokPeakThreshDec

/ RegOokPeak  

OOK  

OOK  

 OokFixedThresh  

 RSSI

 

4.2.3.3.  

DIO1/DCLK

 

RegBitrate BitRateMsb

BitRateLsb  



 

  

 

 0x55 0xAA 12

 

 16

 

 6.5%  

4.2.3.4. FEI  

FEI

FEI RegFei FeiValue FEI

4  

FEI  

  

 20dB  

20dB  

 

Hz  

 



FEI 4  

4.2.3.5. AFC 

AFC FEI AFC

FRF AfcValue AfcAutoOn 1

AFC  

AFC AfcAutoOn = 1  

 AfcAutoOn 1 AFC

 

 AFC

 

AFC SX1276/77/78

RegAfcBw AFC

AFC RegRxBw

 

FEI PreambleDetect

AFC FEI RegRxConfig

StartDemodOnPreamble FEI  

AFC 4.2.6  

4.2.3.6.  

0101

RegPreambleDetect

PreambleDetectorSize 1 3  

  

PreambleDetectorSize  

00 1 

01 2  

10 3 

11  

 

PreambleDetectTol 10 0x0A

2  

PreambleDetectorOn 1 PreambleDetect

RegIrqFlags1 DIO  



AFC AGC

4.2.6  

4.2.3.7.  

SX1276/77/78 35dB IRM PLL

48dB  

4.2.3.8. RSSI  

I&Q RSSI

RSSI  

 7.2

 

  

 RegImageCal ImageCalStart

LoRaTM

FSK/OOK  

TempMonitorOff 0 TempThreshold 5 10 15 20°C

TempChange  

AutoImageCalOn 0

AutoImageCalOn 1

 

10  

4.2.3.9.  

SX1276/77/78  

 Rx Rssi RssiValue > 

RssiThreshold TimeoutRxRssi x 16 x Tbit  

 Rx PreambleDetect

TimeoutRxPreamble x 16 x Tbit  

 Rx SyncAddress

TimeoutSignalSync x 16 x Tbit  

RegRxConfig RxTrigger  



 Rx  

 
Rx  

2:0  
Rssi    

 000   

 

Rssi  001   

PreambleDetect 110   

Rssi

PreambleDetect 
111   

 

4.2.4. FSK/OOK  

SX1276/77/78 RegOpMode 4.2.8.

 

  

    

000  Sleep  

001  Stdby  

010 Tx  FSTx Frf  

011  Tx  

100 Rx

 

FSRx Frf-IF  

101  Rx  

 

 

4.2.5.  

17

 



 

  

TS_OSC TS_FS PLL

VCO  

2.5 TS_OSC TS_FS  

4.2.5.1.  

FSK TS_TR  

 

PaRamp RegPaRamp Tbit OOK

 

 

4.2.5.2.  

TS_RE AFC

AfcAutoOn=1 AfcBw RxBw  

  



 

 

4.2.5.3. RSSI  

RSSI

TS_RE + TS_RSSI  

 

 RSSI  

TS_RSSI RssiSmoothing 5.5.4

TS_RSSI  

4.2.5.4. Tx Rx  



 

 Tx Rx  

SPI

10MHz SPI  

4.2.5.5. Rx Tx  

 

 Rx Tx  

4.2.5.6. Rx Rx  

 

 



  

 

4.2.5.7. Tx Tx  

 

  

4.2.6.  

SX1276/77/78 AGC

AFC

 

  

 RegRxConfig RestartRxWithoutPllLock

RestartRxWithPllLock  

  

4.2.7  

21 SX1276/77/78  

  

  AgcAutoOn AfcAutoOn 
RxTrigger 

(2:0) 

  0 0 000 

Rssi  
AGC 1 0 001 

AGC & AFC 1 1 001 

PreambleDetect 
AGC 1 0 110 

AGC & AFC 1 1 110 

Rssi

&PreambleDetect 

AGC 1 0 111 

AGC & AFC 1 1 111 

 

AgcAutoOn=0 RegLna LnaGain LNA  

4.2.7.  



AGC AFC  

4.2.7.1.  

Timeout

,  

 AFC Frf SPI

RegRxConfig RestartRxWithoutPllLock 1  

 AFC AfcAutoOn=1 / Frf

Rx RegRxConfig RestartRxWithPllLock 1  

ModeReady 1 RestartRx  

4.2.7.2.  

RegSyncConfig AutoRestartRxMode

SX1276/77/78  

 AutoRestartRxMode = 00

4.2.7.1  

 AutoRestartRxMode = 01 PayloadReady FIFO

InterPacketRxDelay

RSSI  

 AutoRestartRxMode = 10 Frf

PLL

 

4.2.7.3.  

SX1276/77/78

RSSI

 

RestartRxOnCollision 1  

RSSI RegRxConfig

RssiCollisionThreshold 1dB  

4.2.8.  

,



 

FSK/OOK  

RegSeqConfig1 SequencerStart

1  

RegSeqConfig1 Stop 1  

SequencerStart Stop  

4.2.8.1.  

T1 T2

 

  

  

SequencerOff  SequencerStart  

LowPowerSelection

 

 RegSeqConfig1 IdleMode

T1  

  

  

PacketReceived  FIFO

 

LowPowerSelection  SequencerOff  

RxTimeout  RxTimeout  

RxTimeout TimeoutRxRssi TimeoutRxPreamble

TimeoutSignalSync  

4.2.8.2.  

 

  

  

IdleMode 

 

0  

1  

FromStart 

SequencerStart 1

 

00 LowPowerSelection  

01  



10  

11 FifoThreshold  

LowPowerSelection 

LowPowerSelection LowPower  

0 SequencerOff  

1 IdleMode

 

LowPower  

FromIdle 

T1  

0  

1  

FromTransmit 

 

0 PacketSent LowPowerSelection  

1 PacketSent  

FromReceive 

 

000 111  

001 PayloadReady PacketReceived  

010 PayloadReady LowPowerSelection

 

011 CrcOk PacketReceived CRC

CRC CrcAutoClearOn

PayloadReady RxTimeout  

100 Rssi SequencerOff  

101 SyncAddress SequencerOff  

110 PreambleDetect SequencerOff  

T2 LowPowerSelection  

FromRxTimeout 

RxTimeout FromReceive=011 PayloadReady

 

00 ReceiveRestart  

01  

10 LowPowerSelection  

11 SequencerOff  

RxTimeout TimeoutRxRssi TimeoutRxPreamble 

TimeoutSignalSync  

FromPacketReceived 

PacketReceived  

000 SequencerOff  

001 FifoEmpty  

010 LowPowerSelection  

011 FS  

100  

 

4.2.8.3.  

1 2



 

T2 SequencerStart T1 Timer1Resolution x Timer1Coefficient  

T1 T2 Timer2Resolution x Timer2Coefficient  

 

 

 1 2  

 

  

  

Timer1Resolution 1  

00  

01 64us 

10 4.1ms 

11 262ms 

Timer2Resolution  2  

00  

01 64us 

10 4.1ms 

11 262ms 

Timer1Coefficient 1  

Timer2Coefficient 2  

 

4.2.8.4.  

 

RegSeqConfig1 Stop

1  



 

 

  

4.2.9. FSK/OOK  

4.2.9.1.  

SX1276/77/78 /

SPI DIO  

 



 

 SX1276/77/78  

SX1276/77/78

 

4.2.9.2.  

SX1276/77/78  

 DIO2/DATA

 

 / / FIFO

CRC

uC

CRC 255,2047  

 

4.2.10. FIFO 

 

FIFO( )

SPI ,  

FIFO 1

FIFO

Rx FIFO

 



 

 FIFO  

Tx FIFO ModeReady

 

FIFO 64  

 

 FifoEmpty 0 FIFO FifoEmpty

FIFO FifoEmpty NSS

FifoEmpty

FifoEmpty FifoEmpty = 0

FifoEmpty = 1  

 FifoFull FIFO FIFO FifoFull

 

 FifoOverrunFlag FIFO , Tx SR Rx

FIFO FifoOverrunFlag ,

1 FIFO  

 PacketSent SR PacketSent  

 FifoLevel RegFifoThresh FifoThreshold  



 

 FifoLevel IRQ  

FIFO FifoLevel FifoThreshold

 

FifoFull FifoLevel FIFO  

FIFO  

FIFO  

 FIFO  

  FIFO   

    

    

/

 
Tx  

Tx /

FIFO 

/

 
Rx   

Rx Tx   

Rx /   
Rx /

FIFO 

Tx    

 

4.2.10.1.  

 

RegSyncConfig SyncOn

 



SyncAddressMatch 28  

 

  

RegSyncValue1 7

0

 

 

Rx FIFO SyncAddressMatch  

 

 RegSyncConfig SyncSize 1 8 8 64

Tx  

 SyncValue(63:0) Tx

 

 SyncValue 0x00  

 

4.2.13  

 

 

4.2.11. IO  

SX1276/77/78 IO

RegDioMapping1 RegDioMapping2  

 DIO  



 

 

 DIO  

 

4.2.12.  

4.2.12.1.  

29 DIO2/DATA uC

( ) NRZ FIFO  



 

  

4.2.12.2. Tx  

Tx DIO1/DCLK uC

30 DCLK DATA uC /

 

 

 Tx  

DCLK  

4.2.12.3. Rx Processing 

4.2.12.3. Rx  

DATA DCLK  

DIO2/DATA DIO1/DCLK

DCLK DATA DATA  



 

 Rx  

DATA uC DCLK

 

4.2.13.  

4.2.13.1.  

uC NRZ NRZ

FIFO SPI  

SX1276/77/78

CRC / / / RF

uC  

/ FIFO

 

 

  

 



4.2.13.2.  

 

PacketFormat 0 PayloadLength 0  

RF

Tx Rx Tx/Rx

 

2047  

PayloadLength

 

 

 1010...  

 ID  

 ID  

  

 2 CRC  

 

  

 

PacketFormat 1  

 



FIFO 255

+  

 

 1010...  

 ID  

  

 ID  

  

 2 CRC  

 

  

 

PacketFormat 0 PayloadLength 0

PayloadLength Tx/Rx

/  

Tx TxStartCondition Rx

0 SyncOn = 0

Rx CRC Tx CRC

CrcOk & PayloadReady  

 

 1010...  

 ID  



 ID  

  

 2 CRC Tx  

 

  

4.2.13.3. Tx  

Tx FIFO  

  

  

 + + CRC 2

 

  

FIFO  

Tx TxStartCondition

0

0 1  

 

 TxStartCondition = 1 FIFO

 

 TxStartCondition = 0 FIFO RegFifoThresh

+1  

 / FIFO

Tx  



4.2.13.4. Rx  

Rx  (payload) FIFO  

  

  

  

  

 CRC CrcOk  

FIFO  

Rx

PayloadLength  

PayloadLength

PayloadLength

 

NodeAddress

CrcOn = 1 CRC CRC

CrcOk FIFO DIO0 PayloadReady

FIFO /  

CRC PayloadReady FIFO

CrcAutoClearOff=1 CRC PayloadReady

FIFO  

4.2.13.5.  

Tx PacketSent Rx

PayloadReady CrcOk PayloadLength FIFO 64

FIFO /  

 Tx  

FIFO / TX FIFO  

1  FIFO / Tx FifoThreshold

FifoFull  



2  Tx FifoThreshold FifoEmpty FIFO  

3  FIFO FifoThreshold FifoFull  

4  2 FIFO PacketSent

 

 Rx  

FIFO Rx FIFO  

1  FifoEmpty FifoThreshold FIFO  

2  FifoEmpty FIFO  

3  1 PayloadReady CrcOk  

4  Rx / FIFO  

4.2.13.6.  

SX1276/77/78 uC

 

 

/

RegSyncConfig RegSyncValue(i) Tx

Rx  

 

SyncAddressMatch  

0x00  

 

AddressFiltering

ID ID

 

 

 AddressFiltering=01 NodeAddress

 



 AddressFiltering=10 NodeAddress

BroadcastAddress

 

FIFO

NodeAddress AddressFiltering Rx Tx

FIFO  

SyncAddressMatch  

 

PayloadLength

 

FIFO

 

PayloadLength 2047  

CRC 

RegPacketConfig1 CrcOn CRC

 

 Tx CRC

 

 Rx

CrcOk  

CRC FIFO

CrcAutoClearOff CRC FIFO

PayloadReady CRC

FIFO CrcWhiteningType CRC  

 CRC  

Crc  CrcWhiteningType    

CCITT 0  X16 + X12 + X5 + 1 0x1D0F  

IBM 1 X16 + X15 + X2 + 1 0xFFFF  

 

7 CRC C  

4.2.13.7.  



1 0

 

 

 

 

DcFree=01 /  

 

 

CRC

CRC RegBitRate BitRate

= =2 x  

FIFO FIFO /  

 

 /  

 

( ) Tx

Rx

 

DcFree=10 / 9 LFSR

2 CRC

 

FIFO FIFO /  



 

  

4.2.13.8. Tx  

Tx FIFO  

RegPacketConfig2 BeaconOn 1 FIFO

FifoEmpty FIFO

FifoEmpty FifoFull FifoLevel  

FIFO Tx- -Tx....

4.2.13.8  

BeaconOn 0 Tx FifoOverrun 1 FIFO  

4.2.14. io-homecontrol  

SX1276/77/78 io-homecontrol®

 

4.3. SPI  

/ CPOL=0 CPHA=0 SPI

(slave)  

 

 

NSS  

 

NSS

 

 FIFO FIFO FIFO



NSS

 

SPI  

 

 SPI  

MOSI SCK SCK SPI MISO

SCK  

NSS NSS MISO  

 

 wnr 1 0  

 7  

MOSI MISO

 

MOSI MISO NSS

FIFO FIFO FIFO

/ FIFO

 

NSS FIFO/

 

MISO  



5. SX1276/77/78  

5.1.  

SX1276/77/78

1.8V-3.7V , +17dBm 2.4V-3.7V

+20dBm . 

SX1276/77/78 VBAT_ANA VBAT_RF VBAT_DIG

VR_PA VR_DIG

VR_ANA  

5.2.  

RegLowBat RegDioMapping DIO  

5.3.  

5.3.1.  

SX1276/77/78 PLL

TS_OSC

7.1 XTA XTB

SX1276/77/78 PLL  

TXCO RegTcxo TcxoInputOn

1 XTA 5 XTB 6

 

1.8V CD TCXO

 

 

 TCXO  

5.3.2. CLKOUT  



RegDioMapping2 ClkOut DIO5 13

CLKOUT  

 CLKOUT

 

 CLKOUT  

SX1276/77/78 CLKOUT  

5.3.3. PLL 

SX1276/77/78 N PLL PLL

PLL 4

 

SX1276/77/78 PLL 19 sigma-delta

 

 

RegFrf 0x06 0x08  

 

Frf RegFrfLsb FrfLsb

M

RegPllHop FastHopOn

 

 

  

   

1 HF  820-1020 MHz SX1276/77 

2 LF  410-525 MHz SX1276/77/78 

3 LF  137-175 MHz SX1276/77/78 

 

5.3.4. RC  

RC

 



5.4.  

SX1276/77/78 LoRaTM FSK/OOK

--- VR_PA  

5.4.1.  

 

 

 PA  

5.4.2.  

PA_HF PA_LF 1dB -4 dBm

+14dBm 50 PA_LF

525MHz PA_HF 860MHz

3.3V  

PA_HP PA_BOOST

+17dBm +20dBm +20dBm

5.4.3.  

  

PaSelect    



0 
PA_HF PA_LF

RFO_HF RFO_LF  

-4dBm

+15dBm 

Pout=Pmax-(15-OutputPower) 

Pmax=10.8+0.6 x MaxPower 

[dBm] 

1 
PA_HP PA_BOOST

 

-2dBm

+17dBm 
Pout=17-(15-OutputPower) [dBm] 

 

- +20dBm  

- OcpTrim

 

- PA_BOOST  

5.4.3. +20dBm  

SX1276/77/78 PA_BOOST +20dBm  

  

   
 

PA_HF/LF +17dBm 
 

RegPaDac 0x4d 0x87 0x84 
PA_HP Pmax

+20dBm 

 

- PA_LF PA_HF  

- RegOcp  

+20dBm 32 33  

 +20 dBm  

     

DC_20dBm +20dBm  - 1 % 

VSWR_20dBm 
+20 dBm

VSWR 
- 3:1 - 

 

 +20dBm  

     

VDDop_20dBm +20dBm  2.4 3.7 V 

 

-40°C +85°C +20dBm 1%

VSWR 3:1  

5.4.4.  



SX1276/77/78

PA RegOcp

OcpTrim  

  

OcpTrim IMAX Imax  

0-15 45-120 mA 45 + 5 x OcpTrim [mA] 

16-27 130-240 mA -30 + 10 x OcpTrim [mA] 

27  240 mA 240 mA 

 

Imax SX1276/77/78

Imax+IFS  

5.5.  

5.5.1.  

SX1276/77/78 LNA

LoRaTM IF ASK OOK (G)FSK (G)MSK

RSSI  

5.5.2.  

RSSI

SX1276/77/78

4  

5.5.3. FSK/OOK  

AGC -- 0dBm

0dBm SX1276/77/78 LNA NF

IIP3  

 LNA  



 

 

5.5.4. FSK/OOK RSSI 

RSSI RssiValue

dBm 0.5dB

 

 

RssiOffset RSSI LNA

1dB -16dB +15dB RSSI

 

 

RSSI RSSI RSSI

RSSI RssiSmoothing RSSI 2 256 2

10dB RssiSmoothing RSSI

36 RSSI  

 RssiSmoothing  

 



RSSI RSSI  

5.5.5. LoRaTM RSSI 

LoRaTM RSSI FSK/OOK RSSI

LoRaTM RSSI  

 

5.5.6.  

SX1276/77/78

16-tap (FIR)

SX1276/77/78

 

<2 x 

RxBw  

RxBw RegRxBw RxBwMant RxBwExp  

 

32MHz  

 RxBw  

RxBwMant 

/  

RxBwExp 

 

RxBw kHz  

FSK/OOK 

10b / 24 7 2.6 

01b / 20 7 3.1 

00b / 16 7 3.9 

10b / 24 6 5.2 

01b / 20 6 6.3 

00b / 16 6 7.8 

10b / 24 5 10.4 

01b / 20 5 12.5 

00b / 16 5 15.6 

10b / 24 4 20.8 

01b / 20 4 25.0 

00b / 16 4 31.3 

10b / 24 3 41.7 



01b / 20 3 50.0 

00b / 16 3 62.5 

10b / 24 2 83.3 

01b / 20 2 100.0 

00b / 16 2 125.0 

10b / 24 1 166.7 

01b / 20 1 200.0 

00b / 16 1 250.0 

  

 

5.5.7.  

TempMonitorOff 1 RegTemp TempValue

+/-10°C

 

 

  

 

  

 FSRx  

 TempMonitorOff 0 PLL  

 140  



 TempMonitorOff 1  

  

 RegTemp  



6.  

FSK/OOK LoRaTM

 

6.1.  

  

 

  

POR

 

 

FSK

 

 

FSK/OOK

 
LoRaTM  FSK  LoRaTM  

0x00 RegFifo 0x00 FIFO /  

0x01 RegOpMode 0x01 &LoRaTM/FSK  

0x02 
RegBitrateMs

b 

unused 

0x1A  

0x03 RegBitrateLsb 0x0B  

0x04 RegFdevMsb 0x00  

0x05 RegFdevLsb 0x52  

0x06 RegFrfMsb 0x6C  

0x07 RegFrfMid 0x80  

0x08 RegFrfLsb 0x00  

0x09 RegPaConfig 0x4F PA  

0x0A RegPaRamp 0x09 
PA /

PLL  

0x0B RegOcp 0x2B  

0x0C RegLna 0x20 LNA  

0x0D RegRxConfig 
RegFifoAddr

Ptr 
0x08 0x00 

AFC AGC

ctrl 

FIFO SPI

 

0x0E 
RegRssiConfi

g 

RegFifoTxBa

seAddr 
0x02 0x80 RSSI Tx  

0x0F 
RegRssiCollis

ion 

RegFifoRxBa

seAddr 
0x0A 0x00 

RSSI

 
Rx  

0x10 
RegRssiThres

h 

FifoRxCurren

tAddr 
0xFF  

RSSI

 
 

0x11 RegRssiValue 
RegIrqFlags

Mask 
  

RSSI

dBm  

IRQ

 

0x12 RegRxBw RegIrqFlags 0x15 0x00 
 

IRQ  

0x13 RegAfcBw 
RegRxNbByt

es 
0x0B  

AFC

  

0x14 RegOokPeak 
RegRxHeade

rCntValueMs
0x28  OOK  

 



b 

0x15 RegOokAvg 
RegRxHeade

rCntValueLsb 
0x0C 

OOK

 

0x16 RegOokAvg 

RegRxPacke

tCntValueMs

b 

0x12 

 

OOK

 

 

0x17 Reserved17 
RegRxPacke

tCntValueLsb 
0x47 - 

0x18 Reserved18 
RegModemS

tat 
0x32 0x10 - 

LoRaTM

 

0x19 Reserved19 
RegPktSnrVa

lue 
0x3E  - 

 

0x1A RegAfcFei 
RegPktRssiV

alue 
0x00  

AFC FEI

 RSSI 

0x1B RegAfcMsb 
RegRssiValu

e 
0x00  

AFC

 

RSSI 

0x1C RegAfcLsb 
RegHopChan

nel 
0x00  

FHSS

 

0x1D RegFeiMsb 
RegModemC

onfig1 
0x00 0x72 

 

1 

0x1E RegFeiLsb 
RegModemC

onfig2 
0x00 0x70 

2 

0x1F 
RegPreamble

Detect 

RegSymbTim

eoutLsb 
0x40 0x64 

  

  

0x20 
RegRxTimeou

t1 

RegPreambl

eMsb 
0x00 0x00 

Rx

RSSI 

 

0x21 
RegRxTimeou

t2 

RegPreambl

eLsb 
0x00 0x08 

RSSI

PayloadRea

dy 

0x22 
RegRxTimeou

t3 

RegPayloadL

ength 
0x00 0x01 

RSSI

SyncAddres

s 

LoRaTM

 

0x23 RegRxDelay 
RegMaxPayl

oadLength 
0x00 0xFF 

Rx

 

LoRaTM

 

0x24 RegOsc 
RegHopPerio

d 
0x05 0x00 

RC

CLK-OUT

 

FHSS

 

0x25 
RegPreamble

Msb 

RegFifoRxBy

teAddr 
0x00  

 

FIFO



 

0x26 
RegPreamble

Lsb 

RegModemC

onfig3 
0x03 0x00 

 3 

0x27 
RegSyncConfi

g 

RESERVED 

0x93 
 

 

0x28 

-0x2F 

RegSyncValu

e1-8 
0x55 0x01 

1~8 

0x30 
RegPacketCo

nfig1 
0x90 

 

0x31 
RegPacketCo

nfig2 
0x40 

 

0x32 
RegPayloadL

ength 
0x40 

 

0x33 RegNodeAdrs 0x00  

 

0x34 
RegBroadcast

Adrs 
0x00  

0x35 
RegFifoThres

h 
0x0F 0x8F 

Fifo Tx

 

0x36 
RegSeqConfi

g1 
0x00 

 

0x37 
RegSeqConfi

g2 
0x00 

 

0x38 
RegTimerRes

ol 
0x00 

1 2

 

0x39 
RegTimer1Co

ef 
0xF5 

1

 

0x3A 
RegTimer2Co

ef 
0x20 

2

 

0x3B RegImageCal 0x82 0x02 
 

0x3C RegTemp - 
 

0x3D RegLowBat 0x02 
 

0x3E RegIrqFlags1 0x80 
PLL

RSSI 

0x3F RegIrqFlags2 0x40 FIFO

 

0x40 RegDioMapping1 0x00 DIO0 DIO3  



0x41 RegDioMapping2 0x00 
DIO4 DIO5

ClkOut  

0x42 RegVersion 0x12 -- ID 

0x44 RegPllHop unused 0x2D 
 

 

0x4B RegTcxo 0x09 TCXO XTAL  

0x4D RegPaDac 0x84 PA  

0x5B RegFormerTemp - IQ  

0x5D 
RegBitRateFr

ac 
unused 0x00 

 
 

0x61 RegAgcRef 0x13 

AGC  
0x62 RegAgcThresh1 0x0E 

0x63 RegAgcThresh2 0x5B 

0x64 RegAgcThresh3 0xDB 

0x70 RegPll 0xD0 PLL  

 RegTest -  

 

-  

  

 6.2 *  

6.2. FSK/OOK  

FSK/OOK SX1276/77/78  

r w t c  

  

   
  

FSK/OOK  

RegFifo 

(0x00) 
7-0 Fifo rw 0x00 FIFO /  

 

RegOpMode 

(0x01) 

7 LongRangeMode r 0x00 

0 FSK/OOK  

1 LoRaTM  

 

6-5 ModulationType rw 0x00 
 

00 FSK 



01 OOK 

10 11  

4 reserved r 0x0  

3 
LowFrequencyModeO

n 
rw 0x01 

0x61  

0

 

1

 

2-0 Mode rw 0x01 

 

000  

001  

010 Tx

FSTx  

011 Tx  

100 Rx

FSRx  

101 Rx  

110  

111  

RegBitrateMs

b 

(0x02) 

7-0 BitRate(15:8) rw 0x1a 

 

RegBitrateLs

b 

(0x03) 

7-0 BitRate(7:0) rw 0x0b 
 

 

4.8kb/s 

RegFdevMsb 

(0x04) 

7-6 reserved rw 0x00  

5-0 Fdev(13:8) rw 0x00  

RegFdevLsb 

(0x05) 
7-0 Fdev(7:0) rw 0x52 

 

Fdev = Fstep x Fdev(15,0) 

5kHz 

RegFrfMsb 

(0x06) 
7-0 Frf(23:16) rw 0x6c  

RegFrfMid 

(0x07) 
7-0 Frf(15:8) rw 0x80  

RegFrfLsb 

(0x08) 
7-0 Frf(7:0) rw 0x00 

 

Frf = Fstep x Frf(23;0) 

434.000MHz 

FSRx/FSTx



 

 

RegPaConfig 

7 PaSelect rw 0x00 

PA  

0 RFO

+14dBm 

1 PA_BOOST

+20dBm 

6-4 MaxPower rw 0x04 Pmax=10.8+0.6 x 

MaxPower dBm  

3-0 OutputPower rw 0x0f 

PaSelect=0 RFO

Pout=Pmax-

15-OutputPower  

PaSelect=1 PA_BOOST

Pout=17-

15-OutputPower  

RegPaRamp 

(0x0A) 

7 unused r 0x00  

6-5 ModulationShaping rw 0x00 

 

FSK  

00  

01 BT=1.0 

10 BT=0.5 

11 BT=0.3 

OOK  

00  

01 fcutoff =  

10 fcutoff =2 x 

<125kb/s  

11  

4 reserved rw 0x00  

3-0 PaRamp rw 0x09 

FSK /  

0000 3.4ms 

0001 2ms 

0010 1ms 

0011 500us 

0100 250us 

0101 125us 

0110 100us 

0111 62us 

1000 50us 

1001 40us(d) 



1010 31us 

1011 25us 

1100 20us 

1101 15us 

1110 12us 

1111 10us 

RegOcp 

(0x0B) 

7-6 unused r 0x00  

5 OcpOn rw 0x01 

PA OCP : 

0 OCP  

1 OCP  

4-0  rw 0x0b 

OCP  

OcpTrim<=15 120mA

Imax=45+5 x OcpTrim

mA  

15<OcpTrim<=27

130~240mA

Imax=-30+10 x OcpTrim

mA  

Imax=240mA  

Imax=100mA 

 

RegLna 

(0x0C) 

7-5 LnaGain rw 0x01 

LNA  

000  

001 G1=  

010 G2= -6dB 

011 G3= -12dB 

100 G4= -24dB 

101 G5= -36dB 

110 G6= -48dB 

111  

LNA

AGC

 

4-3 LnaBoostLf rw 0x00 

RFI_LF LNA

 

00 LNA  

 

2 reserved rw 0x00  

1-0 LnaBoostHf rw 0x00 

RFI_HF LNA

 

00 LNA  



11 150%LNA

 

RegRxConfig 

(0x0d) 

7 RestartRxOnCollision rw 0x00  

0  

1  

6 
RestartRxWithoutPllL

ock 
wt 0x00 

1

 

RestartRxWithPllLock  

5 RestartRxWithPllLock wt 0x00 

1

 

PLL  

4 AfcAutoOn rw 0x00 

0

AFC 

1

AFC 

3 AgcAutoOn rw 0x01 

0 LnaGain

LNA  

1 AGC LNA  

2-0 RxTrigger rw 
0x06

* 
AGC / AFC  

18  

RegRssiConfi

g 

(0x0e) 

7-3 RssiOffset rw 0x00 

RSSI

LNA SAW

/  

1dB/LSB  

2-0 RssiSmoothing rw 0x02 

RSSI

 

000 2  

001 4  

010 8  

011 16  

100 32  

101 64  

110 128  

111 256  

RegRssiConll

ision 
7-0 

RssiCollisionThreshol

d 
rw 0x0a 



(0x0f) 1dB/LSB RSSI  

10dB 

RegRssiThre

sh 

(0x10) 

7-0 RssiThreshold rw 0xff 
Rssi RSSI  

-RssiThreshold/2 dBm  

RegRssiValu

e 

(0x11) 

7-0 RssiValue r - 

RSSI dBm 0.5dB

 

RSSI=-RssiValue/2 dBm  

RegRxBw 

(0x12) 

7 unused r -  

6-5 reserved rw 0x00  

4-3 RxBwMant rw 0x02 

 

00 RxBwMant=16 

01 RxBwMant=20 

10 RxBwMant=24 

11  

2-0 RxBwExp rw 0x05  

RegAfcBw 

(0x13) 

7-5 reserved rw 0x00  

4-3 RxBwMantAfc rw 0x01 
AFC

RxBwMant  

2-0 RxBwExpAfc rw 0x03 
AFC

RxBwExp  

RegOokPeak 

(0x14) 

7-6 reserved rw 0x00  

5 BitSyncOn rw 0x01 

 

0

 

1  

4-3 OokThreshType rw 0x01 

OOK

 

00  

01  

10  

11  

2-0 OokPeakThreshStep rw 0x00 

OOK RSSI

 

000 0.5dB 001 1.0dB 

010 1.5dB 011 2.0dB 

100 3.0dB 101 4.0dB 

110 5.0dB 111 6.0dB 

RegOokFix 

(0x15) 
7-0 OokFixedThreshold rw 0x0C 

OOK

 

OOK

 



RegOokAvg 

(0x16) 

7-5 OokPeakThreshDec rw 0x00 

OOK RSSI

 

000  

001  

010  

011  

100  

101  

110  

111  

4 reserved rw 0x01  

3-2 OokAverageOffset rw 0x00 OOK  

00 0.0dB 10 4.0dB 

01 2.0dB 11 6.0dB 

1-0 
OokAverageThreshFil

t 
rw 0x02 

OOK

 

00 fC  

01 fC  

10 fC  

11 fC  

RegRes17 

to 

RegRes19 

7-0 reserved rw 

0x47 

0x32 

0x3E 

 

RegAfcFei 

(0x1a) 

7-5 unused r -  

4 AgcStart wt 0x00 
1 AGC

 

3 reserved rw 0x00  

2 unused - -  

1 AfcClear wc 0x00 
Rx AFC

0 

0 AfcAutoClearOn rw 0x00 

AfcAutoOn

 

0 AFC

AFC  

1 AFC AFC

 

RegAfcMsb 

(0x1b) 
7-0 AfcValue(15:8) rw 0x00 

AfcValue

AFC  

RegAfcLsb 7-0 AfcValue(7:0) rw 0x00 AfcValue



(0x1c) 

AFC  

RegFeiMsb 

(0x1d) 
7-0 FeiValue(15:8) rw - 

RegFeiLsb  

RegFeiLsb 

(0x1e) 
7-0 FeiValue(7:0) rw -  

=FeiValue x Fstep 

RegPreamble

Detect 

(0x1f) 

7 PreambleDetectorOn rw 
0x01

* 

1

/AGC

AGC  

0  

1  

6-5 
PreambleDetectorSiz

e 
rw 

0x01

* 

 

00 1  10 3  

01 2  11  

4-0 PreambleDetectorTol rw 
0x0A

* 

PreambleDetectorSize

 

4  

RegRxTimeo

ut1 

(0x20) 

7-0 TimeoutRxRssi rw 0x00 

Rx

TimeoutRxRssi x 16 x Tbit

Rssi

RssiValue>RssiThreshold

Timeout  

0x00 TimeoutRxRssi  

RegRxTimeo

ut2 

(0x21) 

7-0 TimeoutRxPreamble rw 0x00 

Rx

TimeoutRxPreamble x 16 x 

Tbit Preamble

Timeout  

0x00 TimeoutRxPreamble

 

RegRxTimeo

ut3 

(0x22) 

7-0 TimeoutSignalSync rw 0x00 

Rx

TimeoutSignalSync x 16 x 

Tbit SyncAddress

Timeout  

0x00 TimeoutSignalSync

 

RegRxDelay 

(0x23) 
7-0 InterPacketRxDelay rw 0x00 

 

=InterPacketRxDelay x 

4 x Tbit 



RC  

RegOsc 

(0x24) 

7-4 unused r -  

3 RcCalStart wt 0x00 

RC

0 RC

 

2-0 ClkOut rw 
0x07

* 

CLKOUT  

000 FXOSC 

001 FXOSC/2 

010 FXOSC/4 

011 FXOSC/8 

100 FXOSC/16 

101 FXOSC/32 

110 RC  

111 OFF 

 

RegPreamble

Msb 

(0x25) 

7-0 PreambleSize(15:8) rw 0x00 TxStartCondition

 

RegPreamble

Lsb 

(0x26) 

7-0 PreambleSize(7:0) rw 0x03 TxStartCondition

 

RegSyncConf

ig 

(0x27) 

7-6 AutoRestartRxMode rw 0x02 

PayloadReady

CrcOk  

00  

01 PLL

 

10 OLL

 

11  

5 PreamblePolarity rw 0x00 

 

0 0xAA  

1 0x55 

4 SyncOn rw 0x01 

 

0  

1  

3 reserved rw 0x00  

2-0 SyncSize rw 0x03 

 

SyncSize+1

ioHomeOn=1



SyncSize  

RegSyncValu

e1 

(0x28) 

7-0 SyncValue(63:56) rw 
0x01

* 
 

SyncOn  

RegSyncValu

e2 

(0x29) 

7-0 SyncValue(55:48) rw 
0x01

* 

SyncOn

SyncSize+1 >=2

 

RegSyncValu

e3 

(0x2a) 

7-0 SyncValue(47:40) rw 
0x01

* 

SyncOn

SyncSize+1 >=3

 

RegSyncValu

e4 

(0x2b) 

7-0 SyncValue(39:32) rw 
0x01

* 

SyncOn

SyncSize+1 >=4

 

RegSyncValu

e5 

(0x2c) 

7-0 SyncValue(31:24) rw 
0x01

* 

SyncOn

SyncSize+1 >=5

 

RegSyncValu

e6 

(0x2d) 

7-0 SyncValue(23:16) rw 
0x01

* 

SyncOn

SyncSize+1 >=6

 

RegSyncValu

e7 

(0x2e) 

7-0 SyncValue(15:8) rw 
0x01

* 

SyncOn

SyncSize+1 >=7

 

RegSyncValu

e8 

(0x2f) 

7-0 SyncValue(7:0) rw 
0x01

* 
SyncOn SyncSize+1

=8  

RegPacketCo

nfig1 

(0x30) 

7 PacketFormat rw 0x01 

 

0  

1  

6-5 DcFree rw 0x00 

DC /

 

00  

01  

10  

11  

4 CrcOn rw 0x01 
CRC /

Tx/Rx  



0  

1  

3 CrcAutoClearOff rw 0x00 

CRC

 

0 FIFO

PayloadReady  

1 FIFO

PayloadReady  

2-1 AddressFiltering rw 0x00 

Rx  

00  

01

NodeAddress 

10

NodeAddress

BroadcastAddress 

11  

0 CrcWhiteningType rw 0x00 

CRC  

0 CCITT CRC

 

1 IBM CRC

 

RegPacketCo

nfig2 

(0x31) 

7 unused r -  

6 DataMode rw 0x01 

 

0  

1  

5 IoHomeOn rw 0x00 

io-homecontrol®

 

0  

1  

4 
IoHomeOnPowerFra

me 
rw 0x00 

io-homecontrol®  

3 BeaconOn rw 0x00 
 

2-0 PayloadLength(10:8) rw 0x00  

RegPayloadL

ength 

(0x32) 

7-0 PayloadLength(7:0) rw 0x40 

PacketFormat=0

 

PacketFormat=1

Rx

Tx  

RegNodeAdr

s 
7-0 NodeAddress rw 0x00 

 



(0x33) 

RegBroadcas

tAdrs 

(0x34) 

7-0 BroadcastAddress rw 0x00 
 

RegFifoThres

h 

(0x35) 

7 TxStartCondition rw 
0x01

* 

 

0 FifoLevel FIFO

FifoThreshold

 

1 FifoEmpty FIFO

 

6 unused r -  

5-0 FifoThreshold rw 0x0f 

FIFO

>=FifoThreshold+1

FifoLevel  

 

RegSeqConfi

g1 

(0x36) 

7 SequencerStart wt 0x00 

 

 

 

6 SequencerStop wt 0x00 
 

 

5 IdleMode rw 0x00 
 

0  

1  

4-3 FromStart rw 0x00 

SequencerStart 1

 

00

LowPowerSelection  

01  

10  

11 FifoLevel

 

2 LowPowerSelection rw 0x00 

LowPowerSelection

LowPower  

0 SequencerOff

 

1 IdleMode



 

LowPower

 

1 FromIdle rw 0x00 

T1

 

0  

1  

0 FromTransmit rw 0x00 

 

0 PacketSent

LowPowerSelection  

1 PacketSent

 

RegSeqConfi

g2 

(0x37) 

7-5 FromReceive rw 0x00 

 

000 111  

001 PayloadReady

PacketReceived  

010 PayloadReady

LowPowerSelection  

011 CrcOk 1

PacketReceived

 

100 Rssi

SequencerOff  

101 SyncAddress

SequencerOff  

110 PreambleDetect

SequencerOff  

T2

LowPowerSelection  

1 CRC

CRC

CrcAutoClearOn=0

PayLoadReady



RxTimeout

 

4-3 FromRxTimeout rw 0x00 

RxTimeout

FromReceive=011

PayloadReady

 

00 ReceiveRestart

 

01  

10

LowPowerSelection  

11 SequencerOff

 

RxTimeout

TimeoutRxRssi

TimeoutRxPreamble

TimeoutSignalSync  

2-0 FromPacketReceived rw 0x00 

PacketReceived  

000 SequencerOff

 

001 FifoEmpty

 

010

LowPowerSelection  

011

FS  

100

 

RegTimerRes

ol 

(0x38) 

7-4 unused r -  

3-2 Timer1Resolution rw 0x00 

1  

00 1  

01 64us 

10 4.1ms 

11 262ms 

1-0 Timer2Resolution rw 0x00 

2  

00 2  

01 64us 

10 4.1ms 

11 262ms 

RegTimer1Co 7-0 Timer1Coefficient rw 0xf5 1  



ef 

(0x39) 

RegTimer2Co

ef 

(0x3a) 

7-0 Timer2Coefficient rw 0x20 2  

 

RegImageCal 

(0x3b) 

7 AutoImageCalOn rw 
0x00

* 

 

0

 

1

 

6 ImageCalStart wt - 
IQ

RSSI  

5 ImageCalRunning r 0x00 

RSSI

1  

0  

4 unused r -  

3 TempChange r 0x00 

RSSI

TempThreshold

IRQ  

0

TempThreshold 

1

TempThreshold 

2-1 TempThreshold rw 0x01 

I/Q

 

00 5  

01 10  

10 15  

11 20  

0 TempMonitorOff rw 0x00 

 

0

 

1  

RegTemp 

(0x3c) 
7-0 TempValue r - 

 

-1  

 

RegLowBat 

(0x3d) 

7-4 unused r -  

3 LowBatOn rw 0x00 

 

0  

1  

2-0 LowBatTrim rw 0x02 LowBat  



000 1.695V 

001 1.764V 

010 1.835V(d) 

011 1.905V 

100 1.976V 

101 2.045V 

110 2.116V 

111 2.185V 

 

RegIrqFlags1 

(0x3e) 

7 ModeReady r - 

Mode

 

-Sleep  

-Standby

 

-FS PLL  

-Rx RSSI  

-Tx PA  

 

6 RxReady r - 

Rx RSSI AGC

AFC  

Rx  

5 TxReady r - 

Tx PA

 

Tx  

4 PllLock r - 

FS Rx Tx

PLL  

PLL  

3 Rssi 
rw

c 
- 

Rx RssiValue

RssiThreshold

 

Rx

1  

2 Timeout r - 

 

Rx FIFO

 

1 PreambleDetect 
rw

c 
-  

1  

0 SyncAddressMatch 
rw

c 
- 

Sync Address

 

Rx FIFO

 



 

RegIrqFlags2 

(0x3f) 

7 FifoFull r - 

FIFO 66

 

6 FifoEmpty r - 

FIFO

FIFO 1

 

5 FifoLevel r - 

FIFO

FifoThreshold

 

4 FifoOverrun 
rw

c 
- 

FIFO

 

FIFO

FIFO

/  

3 PacketSent r - 

Tx

 

Tx  

2 PayloadReady r - 

Rx

CRC

CRC CrcAutoClearOff

FIFO

 

1 CrcOk r - 

Rx CRC

FIFO

 

0 LowBat 
rw

c 
- 

1  

IO  

RegDioMappi

ng1 

(0x40) 

7-6 Dio0Mapping rw 0x00 

DIO0 DIO5  

LoRa 23 

27 

28 

5-4 Dio1Mapping rw 0x00 

3-2 Dio2Mapping rw 0x00 

1-0 Dio3Mapping rw 0x00 

RegDioMappi

ng2 

(0x41) 

7-6 Dio4Mapping rw 0x00 

5-4 Dio5Mapping rw 0x00 

3-1 reserved rw 0x00  

0 MapPreambleDetect rw 0x00 Rssi



PreambleDetect DIO

27 28

 

0 Rssi  

1 PreambleDetect  

 

RegVersion 

(0x42) 
7-0 Version r 0x12 

7-4

3-0

 

 

RegPllHop 

(0x44) 

7 FastHopOn rw 0x00 

RegFrfLsb

 

0 FSTx FSRx

Frf  

1 RegFrfLsb

Frf  

6-0 reserved rw 0x2d  

RegTcxo 

(0x4b) 

7-5 reserved rw 0x00  

4 TcxoInputOn rw 0x00 

 

0

 

1 TCXO

XTA  

3-0 reserved rw 0x09  

RegPaDac 

(0x4d) 

7-3 reserved rw 0x10  

2-0 PaDac rw 0x04 

PA_BOOST

+20dBm  

0x04  

0x07

OutputPower=1111

PA_BOOST +20dBm 

RegFormerTe

mp 

(0x5b) 

7-0 FormerTemp rw - 

IQ RSSI

RegTemp TempValue

 

RegBitrateFra

c 

(0x5d) 

7-4 unused r 0x00  

3-0 BitRateFrac rw 0x00 

FSK  

BitRateFrac>0  

 



RegAgcRef 

(0x61) 

7-6 unused r -  

5-0 AgcReferenceLevel rw 0x19 

AGC

 

AGC dBm

=-174dBm+10 x log(2 x 

RxBw)+SNR+AgcReferenc

eLevel 

SNR=8dB  

RegAgcThres

h1 

(0x62) 

7-5 unused r -  

4-0 AgcStep1 rw 0x0c AGC  

RegAgcThres

h2 

(0x63) 

7-4 AgcStep2 rw 0x04 AGC  

3-0 AgcStep3 rw 0x0b AGC  

RegAgcThres

h3 

(0x64) 

7-4 AgcStep4 rw 0x0c AGC  

3-0 AgcStep5 rw 0x0c AGC  

 

6.3.  

0x61~0x73 525MHz 860MHz

RegOpMode 3  LowFrequencyModeOn

LowFrequencyModeOn 1  

  

 

 
  

 
  

RegAgcRef

Lf 

(0x61) 

7-6 unused r -  

5-0 
AgcReferen

ceLevel 
rw 0x19 

AGC  

AGC dBm =-174dBm+10 x 

log(2 x 

RxBw)+SNR+AgcReferenceLevel 

SNR=8dB  

RegAgcThr

esh1Lf 

(0x62) 

7-5 unused r -  

4-0 AgcStep1 rw 0x0c AGC  

RegAgcThr

esh2Lf 

(0x63) 

7-4 AgcStep2 rw 0x04 AGC  

3-0 AgcStep3 rw 0x0b AGC  

RegAgcThr

esh3Lf 

7-4 AgcStep4 rw 0x0c AGC  

3-0 AgcStep5 rw 0x0c AGC  



(0x64) 

RegPllLf 

(0x70) 

7-6 
PllBandwidt

h 
rw 0x03 

PLL  

00 75kHz 10 225kHz 

01 150kHz 11 300kHz 

5-0 reserved rw 0x10  

 

  

 

 
  

  
 

RegAgcRefH

f 

(0x61) 

7-6 unused r -  

5-0 
AgcReferen

ceLevel 
rw 0x1c 

AGC  

AGC dBm =-174dBm+10 x 

log(2 x 

RxBw)+SNR+AgcReferenceLevel 

SNR=8dB  

RegAgcThre

sh1Hf 

(0x62) 

7-5 unused r -  

4-0 AgcStep1 rw 0x0e AGC  

RegAgcThre

sh2Hf 

(0x63) 

7-4 AgcStep2 rw 0x05 AGC  

3-0 AgcStep3 rw 0x0b AGC  

RegAgcThre

sh3Hf 

(0x64) 

7-4 AgcStep4 rw 0x0c AGC  

3-0 AgcStep5 rw 0x0c AGC  

RegPllHf 

(0x70) 

7-6 
PllBandwidt

h 
rw 0x03 

PLL  

00 75kHz 10 225kHz 

01 150kHz 11 300kHz 

5-0 reserved rw 0x10  

 

6.4. LoRaTM  

LoRaTM SX1276/77/78  

LoRaTM FSK

LoRaTM FSK  

LoRa LoRa FSK FSK

LoRa FSK

RegOpMode AccessSharedReg FSK

0x0D~0x3F LoRa

 



r w c t  

 

 
  

  
LoRaTM  

RegFifo 

(0x00) 
7-0 Fifo rw 0x00 

LoRaTM FIFO /

FIFO  

 

RegOpMode 

(0x01) 

7 
LongRangeMo

de 
rw 0x0 

0 FSK/OOK  

1 LoRaTM  

 

6 
AccessShared

Reg 
rw 0x0 

LoRa

0x0D:0x3F FSK

 

0 LoRa

0x0D:0x3F 

1 LoRa FSK

0x0D:0x3F 

5-4 reserved r 0x00  

3 
LowFrequency

ModeOn 
rw 0x01 

 

0

 

1

 

2-0 Mode rwt 0x01 

 

000  

001  

010 FSTx  

011 Tx  

100 FSRx  

101

RXCONTINUOUS  

110 RXSINGLE  

111 CAD  

(0x02) 7-0 reserved r 0x00 - 

(0x03) 7-0 reserved r 0x00 - 

(0x04) 7-0 reserved rw 0x00 - 

(0x05) 7-0 reserved r 0x00 - 



RegFrMsb 

(0x06) 
7-0 Frf(23:16) rw 0x6c RF  

RegFrMid 

(0x07) 
7-0 Frf(15:8) rw 0x80 RF  

RegFrMsb 

(0x08) 
7-0 Frf(7:0) rwt 0x00 

RF  

 

F(XOSC)=32MHz

61.035Hz

0x6c8000=434MHz

 

RF  

RegPaConfig 

(0x09) 

7 PaSelect rw 0x00 

PA  

0 RFO

+14dBm  

1 PA_BOOST

+20dBm 

6-4 MaxPower rw 0x04 Pmax=10.8+0.6 x MaxPower

dBm  

3-0 OutputPower rw 0x0f 

PaSelect=0 RFO

Pout=Pmax-(15-OutputPower) 

PaSelect=1 PA_BOOST

Pout=17-(15-OutputPower) 

RegPaRamp 

(0x0A) 

7-5 unused r -  

4 reserved rw 0x00  

3-0 PaRamp(3:0) rw 0x09 

LORA /  

0000 3.4ms 

0001 2ms 

0010 1ms 

0011 500us 

0100 250us 

0101 125us 

0110 100us 

0111 62us 

1000 50us 

1001 40us 

1010 31us 

1011 25us 



1100 20us 

1101 15us 

1110 12us 

1111 10us 

RegOcp 

(0x0B) 

7-6 unused r 0x00  

5 OcpOn rw 0x01 

PA OCP : 

0 OCP  

1 OCP  

4-0 OcpTrim rw 0x0b 

OCP  

OcpTrim<=15 120mA

Imax=45+5 x OcpTrim mA  

15<OcpTrim<=27

130~240mA Imax=-30+10 

x OcpTrim mA  

Imax=240mA  

Imax=100mA 

RegLna 

(0x0C) 

7-5 LnaGain rwx 0x01 

LNA  

000  

001 G1=  

010 G2 

011 G3 

100 G4 

101 G5 

110 G6=  

111  

4-3 LnaBoostLf rw 0x00 

RFI_LF LNA  

00 LNA  

Other  

2 reserved rw 0x00  

1-0 LnaBoostHf rw 0x00 

RFI_HF LNA  

00 LNA  

11 150%LNA

 

Lora  

RegFifoAddrPtr 

(0x0D) 
7-0 FifoAddrPtr rw 0x00 

FIFO SPI

 

RegFifoTxBaseA

ddr 

(0x0E) 

7-0 
FifoTxBaseAdd

r 
rw 0x80 

FIFO

 

RegFifoRxBase

Addr 

(0x0F) 

7-0 
FifoRxBaseAdd

r 
rw 0x00 

FIFO

 



RegFifoRxCurre

ntAddr 

(0x10) 

7-0 
FifoRxCurrentA

ddr 
r n/a 

 

RegIrqFlagsMas

k 

(0x11) 

7 
RxTimeoutMas

k 
rw 0x00 

RegIrqFlags IRQ 

6 RxDoneMask rw 0x00 RegIrqFlags

IRQ 

5 
PayloadCrcErro

rMask 
rw 0x00 

CRC

RegIrqFlags

IRQ 

4 
ValidHeaderMa

sk 
rw 0x00 

Rx

RegIrqFlags IRQ 

3 TxDoneMask rw 0x00 

FIFO

RegIrqFlags

IRQ 

2 CadDoneMask rw 0x00 
CAD

RegIrqFlags IRQ 

1 
FhssChangeCh

annelMask 
rw 0x00 

FHSS

RegIrqFlags

IRQ 

0 
CadDetectedM

ask 
rw 0x00 

CAD

RegIrqFlags

IRQ 

RegIrqFlags 

(0x12) 

7 RxTimeout rc 0x00 IRQ 

6 RxDone rc 0x00 
IRQ 

5 
PayloadCrcErro

r 
rc 0x00 

CRC

IRQ 

4 ValidHeader rc 0x00 
Rx

IRQ 

3 TxDone rc 0x00 
FIFO

IRQ 

2 CadDone rc 0x00 
CAD

IRQ 

1 
FhssChangeCh

annel 
rc 0x00 

FHSS

IRQ 

0 CadDetected rc 0x00 
CAD Lora

IRQ 

RegRxNbBytes 

(0x13) 
7-0 FifoRxBytesNb r n/a 

 



RegRxHeaderC

ntValueMsb 

(0x14) 

7-0 
ValidHeaderCnt

Msb(15:8) 
r n/a 

Rx

15:8

 

RegRxHeaderC

ntValueLsb 

(0x15) 

7-0 
ValidHeaderCnt

Lsb(7:0) 
r n/a 

Rx

7:0

 

RegRxPacketCn

tValueMsb 

(0x16) 

7-0 
ValidPacketCnt

Msb(15:8) 
rc n/a 

Rx

15:8

 

RegRxPacketCn

tValueLsb 

(0x17) 

7-0 
ValidPacketCnt

Lsb(7:0) 
r n/a 

Rx

7:0

 

RegModemStat 

(0x18) 

7-5 RxCodingRate r n/a  

4 

ModemStatus 

r '1'  

3 r '0'  

2 r '0' RX  

1 r '0'  

0 r '0'  

RegPktSnrValue 

(0x19) 
7-0 PacketSnr r n/a 

SNR

4  

 

RegPktRssiValu

e 

(0x1A) 

7-0 PacketRssi r n/a 

RSSI

dBm  

RSSI[dBm]=-137+PacketRssi 

RegRssiValue 

(0x1B) 
7-0 Rssi r n/a 

RSSI dBm  

RSSI[dBm]=-137+Rssi 

RegHopChannel 

(0x1C) 

7 PllTimeout r n/a 

Tx/Rx/CAD PLL

 

0 PLL  

1 PLL  

6 
RxPayloadCrc

On 
r n/a 

CRC  

0 CRC  

1 CRC  

5-0 
FhssPresentCh

annel 
r n/a  

RegModemConfi 7-4 Bw rw 0x07  



g1 

(0x1D) 

0000 7.8kHz 

0001 10.4kHz 

0010 15.6kHz 

0011 20.8kHz 

0100 31.25kHz 

0101 41.7kHz 

0110 62.5kHz 

0111 125kHz 

1000 250kHz 

1001 500kHz 

 

169MHz

8&9 

3-1 CodingRate rw '001' 

 

001 4/5 

010 4/6 

011 4/7 

100 4/8 

 

4.1.1.3  

0 
ImplicitHeader

ModeOn 
rw 0x0 

0  

1  

RegModemConfi

g2 

(0x1E) 

7-4 
SpreadingFacto

r 
rw 0x07 

SF 2  

6 64 /  

7 128 /  

8 256 /  

9 512 /  

10 1024 /  

11 2048 /  

12 4096 /  

 

3 
TxContinuousM

ode 
rw 0 

0  

1 FIFO

 

2 
RxPayloadCrc

On 
rw 0x00 

CRC  

0  CRC  

1  CRC  

1-0 
SymbTimeout(9

:8) 
rw 0x00 RX  

RegSymbTimeo 7-0 SymbTimeout(7 rw 0x64 RX  



utLsb 

(0x1F) 

:0) RX  

TimeOut=SymbTimeout·Ts 

RegPreambleMs

b 

(0x20) 

7-0 
PreambleLengt

h(15:8) 
rw 0x0 =PreambleLength+4.25  

4.1.1  

RegPreambleLs

b 

(0x21) 

7-0 
PreambleLengt

h(7:0) 
rw 0x8  

RegPayloadLen

gth 

(0x22) 

7-0 
PayloadLength(

7:0) 
rw 0x1 

0  

RegMaxPayload

Length 

(0x23) 

7-0 
PayloadMaxLe

ngth(7:0) 
rw 0xff 

CRC

 

RegHopPeriod 

(0x24) 
7-0 

FreqHoppingPe

riod(7:0) 
rw 0x0 

0=

 

RegFifoRxByteA

ddr 

(0x25) 

7-0 
FifoRxByteAddr

Ptr 
r n/a 

Lora

 

RegModemConfi

g3 

(0x26) 

7-4 Unused r 0x00  

3 
LowDataRateO

ptimize 
rw 0x00 

0  

1 16ms

 

2 AgcAutoOn rw 0x00 

0 LnaGain LNA

 

1 AGC LNA

 

1-0 Reserved rw 0x00  

(0x27)  (0x3F) - Reserved r n/a  



7.  

7.1.  

42 SX1276/77/78

SX1276/77/78  

  

   

   

 

FXOSC XTAL   - 32 - MHz 

RS XTAL

 

 
- 15 100 ohms 

C0 XTAL

 

 
- 1 3 pF 

CFOOT  XTA XTB  10 15 22 pF 

CLOAD   6 - 12 pF 

 

- 

 

 XTAL Cload  

 

7.2.  

SX1276/77/78 POR 7

 

7.2.1. POR 

SX1276/77/78 VDD

10ms POR SPI POR 7

NRESET  

 

 POR  

CLKOUT  

7.2.2.  

VDD SX1276/77/78

7 100



5ms  

 

  

7 VDD 1  

7.3.  

RC

 

44

 

 

  

 

 

 PreambleDetect  

 SyncAddress  

 PayloadReady  

7.3.1.  

Rx

 

7.3.1.1.  

1+

2

RC  



 

  

PreambleDetect DIO4

 

 

  

7.3.1.2.  

PreambleDetect  

 

 PreambleDetect  

 

 PreambleDetect  



  

IdleMode 1  

FromStart 

00 LowPowerSelection  

LowPowerSelection 1  

FromIdle 1 T1  

FromReceive 110 PreambleDetect

 

T 2

2  

T 1+T 2

1 1

 

T

1+2xT 2  

DIO  

 PreambleDetect DIO  

DIO   

0 01 CrcOk 

1 00 FifoLevel 

3 00 FifoEmpty 

4 11 PreambleDetect MapPreambleDetect  

 

7.3.2. SyncAddress  

SyncAddress

Rx  

7.3.2.1.  

48

RxTimeout 1+

1+ 2-TrxTimeout  



 

 SyncAddress  

RxTimeout

SyncAddress 2

 

 

 SyncAddress  

SyncAddress

 

 

 SyncAddress  

7.3.2.2.  

SyncAddress  



 

 SyncAddress  

 

 SyncAddress  

  

IdleMode 1  

FromStart 00 LowPowerSelection  

LowPowerSelection 1  

FromIdle 1 T1  

FromReceive 110 SyncAddress  

FromRxTimeout 10 LowPowerSelection  

 

TTimeoutRxPreamble PreambleDetectSize

BitRate  

T 1  

T 2 T 1+T 2=  

TPreamble-T 2=TSyncAddress TSyncAddress= SyncSize+1  x 8/BitRate  

DIO  

 PreambleDetect DIO  

DIO   

0 01 CrcOk 

1 00 FifoLevel 

2 11 SyncAddress 



3 00 FifoEmpty 

4 11 PreambleDetect MapPreambleDetect  

 

7.4.  

PayloadLength

FIFO RegPacketConfig2 BeaconOn

 

7.4.1.  

T 1+T 2

PacketSent

 

 

  

7.4.2.  

RegSeqConfig1 SequencerStop  

 

  

 



  

  

IdleMode 1  

FromStart 00 LowPowerSelection  

LowPowerSelection 1  

FromIdle 0 T1  

FromTransmit 0 PacketSent

LowPowerSelection  

 

T 1+T 2  

7.5. CRC  

SX1276/77/78 CRC  



 

 CRC  

7.6.  

 



 

  



 

  



8.  

8.1.  

57 SX1276/77/78 28 QFN  

 

 

1.  

2.  

  

8.2.  



 

 

1.  

2.  

3. /

 

4. X Y  

  

8.3.  



 

  



9.  
  

   

1 2013 9   

   

 


