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1.  

SX1276/77/78 ↓֟ ԅ LoRa
TM └ ̆ᶏ ᴆᴰ ₮

ԍ FSK OOK └ Ȃ Ҋ̆LoRa
TM

FSK

₮8dB̕p ᶏ ᵞ 20ppm ᵣ LoRa
TM̆ ץ FSK ₮20dB

Ȃ҉ץ ̆LoRa
TM Ӟΐ ᴨ̆ל ץ ѿ Ḥ

Ȃ ̆ ᶫԅ ̆ ‗ └ ̂BW ȁ̃ ̂SF̃

̂CR Ȃ̃ └ ѿᴨ ̆ ҩ ֜№ ̆ ҩᴰ Ḥ

ץ ѿḤ Ҍԑ ̆ ғ ҍ ԍ FSK ῍ Ȃ ̆

SX1276/77/78 ‰ GFSKȁFSKȁOOK GMSK └ ̆ ҍ

M-BUS IEEE 802.15.4g ‰Ὶ Ȃ 

SX1276 ҹ 7.8~500kHz̆ ҹ 6~12̆ ȂSX1277

ҍ SX1276 ̆ᵖ ҹ 6~9ȂSX1278 ҍ

SX1276 ̆ᵖֽ ᵞ UHF Ȃ 

1.1.  

 

 1  
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1.2. ֟  

҈ ֟ Ҋ Ȃ 

 1 SX1276/77/78 ᴌғῗ  

ᴆ   
 

  ᵀ  

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.  

Ҋ ҹ QFN № Ȃ 

 

 2  
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1.4.  

 2  

    

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

0 GROUND -  

1 RFI_LF I 2&3 ῀ 

2 VR_ANA - ԍ  

3 VBAT_ANA - ᶫ  

4 VR_DIG - №  

5 XTA I/O XTAL TCXO ῀ 

6 XTB I/O XTAL  

7 NRESET I/O ᵝ ῀ 

8 DIO0 I/O I/Ŏ ᴆ  

9 DIO1/DCLK I/O I/Ŏ ᴆ  

10 DIO2/DATA I/O I/Ŏ ᴆ  

11 DIO3 I/O I/Ŏ ᴆ  

12 DIO4 I/O I/Ŏ ᴆ  

13 DIO5 I/O I/Ŏ ᴆ  

14 VBAT_DIG - ᶫ  

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 ҹ  

21 RFI_HF(GND) I(-) 1 ῀̂ ̃ 

22 RFO_HF(GND) O(-) 1 ₮̂ ̃ 

23 GND -  

24 VBAT_RF -  

25 VR_PA - ԍ PA  

26 GND -  

27 PA_BOOST O ⱳ PA ₮̆ ԍ  

28 RFO_LF O 2&3 ₮ 
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1.5.  

 

 

 ↓ 

7/7/7/7/7 5 

 

6x6 28 ̂MLPQ̃ ̔ 

Nnnnnn=֟ ̂ᶛ̔SX1276̃ 

yyww= ̂ᶛ̔1352̃ 

xxxxxxx= ̂ᶛ̔EA90101̃ 

xxxxxxx 0101-10̃ 

 3 
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2.  

2.1. ESD Ԋ  

SX1276/77/78 ѿ ᴆ̆ῒ ̔ 

É JEDEC JESD22-A114-Bֲ̂ᵣ ̃ԋ ‰ 

É JEDEC JESD22-C101Ĉ ᴆ ̃҈ ‰ 

̆ҹ ᾧ ᴆ ӄ ̆ ESD Ȃ 

2.2. ṿ 

₮Ҋ ↓ ṿ̆ ᴪ ᴆ ӄ ̕

ṿ ᴆҊ ᵬᴪ ᴆ Ȃ 

 3 ẅ 

  ṿ ṿ ᵝ 

VDDmr  -0.5 3.9 V 

Tmr  -55 +115 °C  

Tj  - +125 °C  

Pmr ῀  - +10 dBm 

 

̔+20dBm ᵬ ᴆ ṿ̂ 5.4.3 Ȃ̃ 

2.3. ᵬ ᴆ 

 4 ᵲ ᴌ 

  ṿ ṿ ᵝ 

VDDop  1.8 3.7 V 

Top ᵬ  -40 +85 °C  

Clop  - 25 pF 

ML ῀  - +10 dBm 

 

̔+20dBm ᵬ ᴆ ̂ 5.4.3 Ȃ̃ 

2.4.  

 5  

  ṿ ῖ ṿ ṿ ᵝ 

THETA_JA ɗjâ ⌠ ̃ - 22.185 - °C /W 

THETA_JC 
ɗjĉ ⌠

̃ 
- 

0.757 
- °C /W 
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2.5.  

Ҋ ₮ԅ ̆ ̆ Ҋץ ᴆ̔ VDD=3.3V̆

=25°C F̆XOSC=32MHz F̆RF=169/434/868/915MHẑ ΐᵣ ̃̆ POUT=+13dBm̆

Ҍ ╠ 2FSK └̆FDA=5kHz̆ =4.8kb/s̆ ⌠ 50Ohm ̆Rx

ҍ Tx῍֣ Ȃ 

̔ ñ_LFò 2 / 3 ̆ 5.3.3 Ȃñ_HFò

1Ȃ 

2.5.1. ⱳ  

 6 ꜗ  

  
ᴆ 

ṿ 

ῖ

ṿ ṿ ᵝ 

IDDSL 

Sleep

Ҋ

 

 

- 

0.2 

1 uA 

IDDIDL

E 

Ҋ

 

RC  
- 

1.5 
- uA 

IDDST 
Ҋ

 

ᵣ  
- 

1.6 
1.8 mA 

IDDFS Ҋ

 

FSRx 

- 

5.8 

- mA 

IDDR 
Ҋ

 

LnaBoost῏ ̆ 1 

LnaBoost ̆ 1 

2&3 

- 

- 

- 

10.8 

11.5 

12.0 

- 

- 

- 

mA 

mA 

mA 

IDDT 

Ҋ

 

RFOP=+20dBm̆PA_BOOST

₮ 

RFOP=+17dBm̆PA_BOOST

₮ 

RFOP=+13dBm̆RFO_LF/HF

₮ 

RFOP=+7dBm̆RFO_LF/HF  

₮ 

- 

- 

- 

- 

120 

 

87 

 

29 

 

20 

- 

- 

- 

- 

mA 

mA 

mA 

mA 

 

2.5.2.  

 7  

  ᴆ ṿ ῖ ṿ ṿ ᵝ 

FR   1 137 - 175 MHz 
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2 

3 

410 

862 

- 

- 

525 

1020 

FXOSC ᵣ   - 32 - MHz 

TS_OSC 
ᵣ

 
 - 250 - us 

TS_FS 

⌠

PllLock Ḥ

‰  

׆  - 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/2
19

 - 61.0 - Hz 

FRC RC  ‰  - 62.5 - kHz 

BRF ̆FSK ṿ̂1̃ 1.2 - 300 kbps 

BRA 
‰ ̆

FSK 

ABŜ BR~

BR̃ 
- - 250 ppm 

BRO ̆OOK  1.2 - 32.768 kbps 

BR_L 
̆LoRa

 

׆ SF6̆BW=500kHz

⌠ SF12 B̆W=7.8kHz 
0.018 - 37.5 kbps 

FDA 
Ẓ ̆FSK

̂1̃ 

 

FDA+BRF/2=<250kH

z 

0.6 - 200 kHz 

 

̔ ṿ └ ṿҹ 0.5Ȃ 

2.5.3. FSK/OOK  

RxBw=10kHẑ ̃ ᴆҊ ̆ ѿ PN15 ↓Ȃ

̆ ̂BER̃ҹ 0.1%̂ᵝ ꜚ ’Ҋ Ȃ̃

└ Ȃ ȁACRȁIIP2ȁIIP3 AMR Ḥ ⱳ ҹ ԍ

3dBȂ 

 8 FSK/OOK  

  ᴆ 

ṿ 

ῖ

ṿ 
ṿ 

ᵝ 

RFS_F_

LF 

RFI ҍ RFO

̆Rxҍ Tx

FDA=5kHz̆BR=1.2kb/s 

FDA=5kHz̆BR=4.8kb/s 

- 

- 

-121 

-117 

- 

- 

dBm 

dBm 
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῍֣ F̆SK ̆

LNA Ȃ 

2&3 

FDA=40kHz̆BR=38.4kb/s* 

FDA=20kHz B̆R=38.4kb/s** 

FDA=62.5kHz ̆

BR=250kb/s*** 

- 

- 

- 

-107 

-108 

-95 

- 

- 

- 

dBm 

dBm 

dBm 

RF № Ҍ̆

῏ ῀  

2&3 

FDA=5kHz̆BR=1.2kb/s 

FDA=5kHz̆BR=4.8kb/s 

FDA=40kHz̆BR=38.4kb/s* 

FDA=20kHz B̆R=38.4kb/s** 

FDA=62.5kHz ̆

BR=250kb/s*** 

- 

- 

- 

- 

- 

-123 

-119 

-109 

-110 

-97 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_F_

HF 

RFI ҍ RFO

̆Rxҍ Tx

῍֣ F̆SK ̆

LNA Ȃ 

1 

FDA=5kHz̆BR=1.2kb/s 

FDA=5kHz̆BR=4.8kb/s 

FDA=40kHz̆BR=38.4kb/s* 

FDA=20kHz B̆R=38.4kb/s** 

FDA=62.5kHz ̆

BR=250kb/s*** 

- 

- 

- 

- 

- 

-119 

-115 

-105 

-105 

-92 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

RF № ̆

LnaBoost Ҍ̆

῏ ῀

 

1 

FDA=5kHz̆BR=1.2kb/s 

FDA=5kHz̆BR=4.8kb/s 

FDA=40kHz̆BR=38.4kb/s* 

FDA=20kHz B̆R=38.4kb/s** 

FDA=62.5kHz ̆

BR=250kb/s*** 

- 

- 

- 

- 

- 

-123 

-119 

-109 

-109 

-96 

- 

- 

- 

- 

- 

dBm 

dBm 

dBm 

dBm 

dBm 

RFS_O 

OOK ̆

LNA ̆Rxҍ Tx

῍֣ 

BR=4.8kb/s 

BR=32kb/s 

- 

- 

-117 

-108 

- 

- 

dBm 

dBm 

CCR 
῍Ḥ └ F̆SK

 
 - -9 - dB 

ACR Ḥ └ 

FDA=5kHz̆BR=1.2kb/s 

Ẓ =+/-25kHz

+/-50kHz 

3 

2 

1 

 

 

- 

- 

- 

 

 

60 

56 

50 

 

 

- 

- 

- 

 

 

dB 

dB 

dB 

BI_HF ̆ 1 

Ẓ =+/-1MHz 

Ẓ =+/-2MHz 

Ẓ =+/-10MHz 

- 

- 

- 

71 

76 

84 

- 

- 

- 

dB 

dB 

dB 

BI_LF ̆ 2&3 

Ẓ =+/-1MHz 

Ẓ =+/-2MHz 

Ẓ =+/-10MHz 

- 

- 

- 

71 

72 

78 

- 

- 

- 

dB 

dB 

dB 

IIP2 

ԋ ῀  

ԍ Ḥ

ԍ

LNA  - +55 - dBm 
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20MHz 

IIP3_HF 

҈ ῀  

ԍ Ḥ

ԍ

1MHz 1.995MHz 

1 

LNA G1 

LNA G2̆ᵞ 5dB

 

 

- 

- 

 

-11 

-6 

 

- 

- 

 

dBm 

dBm 

IIP3_LF 

҈ ῀  

ԍ Ḥ

ԍ

1MHz 1.995MHz 

2 

LNA G1 

LNA G2 2̆.5dB  

 

- 

- 

 

-22 

-15 

 

- 

- 

 

dBm 

dBm 

3 

LNA G1 

LNA G2 2̆.5dB  

 

- 

- 

 

-15 

-11 

 

- 

- 

 

dBm 

dBm 

BW_SSB Ḥ   2.7 - 

2

5

0 

kHz 

IMR Ἕ └ Ḥ ԍ 3dB - 50 - dB 

IMA Ἕ ⁞  - 57 - dB 

DR_RSS

I 
RSSIꜚ  

AGC ꜚ ṿ 

 ṿ 

- 

- 

-127 

0 

- 

- 

dBm 

dBm 

 

* RxBw=83kHẑ ̃ 

** RxBw=50kHẑ ̃ 

*** RxBw=250kHẑ ̃ 

2.5.4. FSK/OOK  

 9  

  ᴆ 

ṿ 

ῖ

ṿ 
ṿ 

ᵝ 

RF_OP 

RFO 50

RF ₮ⱳ

̂ PÃ 

 

ṿ 

ṿ 

 

- 

- 

 

+14 

-1 

 

- 

- 

 

dBm 

dBm 

ȹRF_OP

_V 

RFO RF ₮ⱳ

ҍ ꜚ 

VDD=2.5~3.3V 

VDD=1.8~3.7V 

- 

- 

3 

8 

- 

- 

dB 

dB 

RF_OPH 

PA_BOOST

50 RF

₮ⱳ ̂ PÃ 

1dB  ṿ 

 ṿ 

- 

- 

+17 

+2 

- 

- 

dBm 

dBm 

RF_OPH

_MAX 

PA_BOOST ҉

RF ₮ⱳ ṿ 
ⱳ  - +20 - dBm 

ȹRF_OP

H_V 

PA_BOOST ҉

RF ₮ⱳ
VDD=2.4~3.7V - +/-1 - dB 
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ꜚ 

ȹRF_T 

PA_BOOST ҉

RF ₮ⱳ

ꜚ 

׆ T=-40°C ⌠+85°C  - +/-1 - dB 

PHN ᵝ  

169MHz̆ 3 

10kHzẒ  

50kHzẒ  

400kHzẒ  

1MHzẒ  

 

- 

- 

- 

- 

 

-118 

-118 

-128 

-134 

 

- 

- 

- 

- 

dBc/

Hz 

433MHz̆ 2 

10kHzẒ  

50kHzẒ  

400kHzẒ  

1MHzẒ  

 

- 

- 

- 

- 

 

-110 

-110 

-122 

-129 

 

- 

- 

- 

- 

dBc/

Hz 

868/915MHz̆ 1 

10kHzẒ  

50kHzẒ  

400kHzẒ  

1MHzẒ  

 

- 

- 

- 

- 

 

-103 

-103 

-115 

-122 

 

- 

- 

- 

- 

dBc/

Hz 

ACP 

Ḥ ⱳ

25kHzẒץ̂ ҹ

‰ ̃ 

BT=1Ȃ ᴆ EN 300 

220-1 V2.3.1 
- - 

-3

7 
dBm 

TS_TR 
⌠DCLK ѿ

҉ ‰  

׆ ̆

PaR-amp=10us̆BR=4.8kb/s 
- 120 - us 
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2.5.5. LoRa
TM └  

Ҋ ₮ԅ LoRa
TM └ Ҋ ᵬ Ȃ ̆ ᵬ ᴆҹ  ̔

É =3.3V 

É =25°C  

É ᵣ ̂fXOSC̃=32MHz 

É ̂BW̃=125kHz 

É ̂SF̃=12 

É ̂EC̃=4/6 

É ̂PER̃=1% 

É Όᵩ ̂CRC̃  

É ᴰ Ҭ ₮ⱳ =13dBm 

É =64  

É ╠ =12ҩ ̂ ╠ =8̃ 

É  

 10 LoRa  

  ᴆ 
ṿ 

ῖ

ṿ 
ṿ 

ᵝ 

IDDR_

L 

LoRa
TM

Ҋ

̆LnaBoost῏  

2&3 B̆W=7.8~62.5kHz 

2&3̆BW=125kHz 

2&3̆BW=250kHz 

2&3̆BW=500kHz 

- 

- 

- 

- 

11.0 

11.5 

12.4 

13.8 

- 

- 

- 

- 

mA 

mA 

mA 

mA 

1̆BW=7.8~62.5kHz 

1̆BW=125kHz 

1̆BW=250kHz 

1̆BW=500kHz 

- 

- 

- 

- 

9.9 

10.3 

11.1 

12.6 

- 

- 

- 

- 

mA 

mA 

mA 

mA 

IDDT_L 
Ҋ

 

RFOP=13dBm 

RFOP=7dBm 

- 

- 

28 

20 

- 

- 

mA 

mA 

IDDT_

H_L 

Ҋ

̆

 

PA_BOOST  

RFOP=17dBm 
- 90 - mA 

BI_L 

̆ 

̂CW̃

 

Ẓ =+/-1MHz 

Ẓ =+/-2MHz 

Ẓ =+/-10MHz 

- 

89 

94 

100 

- 

dB 

dB 

dB 

IIP2_L 

ԋ ῀  

ԍ Ḥ

ԍ

20MHz 

LNA  - +55 - dBm 

IIP3_L_

HF 

҈ ῀  

ԍ Ḥ

1 

LNA G1 

 

- 

 

-11 

 

- 

 

dBm 
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ԍ

1MHz 1.995MHz 

LNA G2̆5dB  - -6 - dBm 

IIP3_L_

LF 

҈ ῀  

ԍ Ḥ

ԍ

1MHz 1.995MHz 

2 

LNA G1 

LNA G2 2̆.5dB  

 

- 

- 

 

-22 

-15 

 

- 

- 

 

dBm 

dBm 

RFS_L

10_HF 

RF ̆Lora

̆ LNA

̆

1LnaBoost̆ №

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

̆

1LnaBoost̆ №

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

̆

1LnaBoost̆ №

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

̆

1LnaBoost̆ №

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

̆

1LnaBoost̆ №

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 
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̆ 2 3̆

№ Rx/Tx ̆

7.8kHz  

RFS_L

10_LF 

RF ̆Lora

̆ LNA

̆ 3̆

10kHz  

SF=6 

SF=7 

SF=8 

- 

- 

- 

-132 

-136 

-138 

- 

- 

- 

dBm 

dBm 

dBm 

RFS_L

62_LF 

RF ̆Lora

̆ LNA

̆ 3 6̆2.5kHz

 

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 1̆25kHz

 

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 2̆50kHz

 

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 5̆00kHz

 

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 

῍Ḥ └ 

ѿ CW Ḥ =

+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 ῍Ḥ └ ҹ BW SF  -6  dB 
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L LoRa
TMḤ  

PW= +3dB 

ACR_L

CW 
Ḥ └ 

ҹ Ḥ Ҭ

BW_Lx1.5̆1%PER̆ ѿ

CWḤ = +3dB 

SF=7 

SF=12 

 

 

 

- 

- 

 

 

 

60 

72 

 

 

 

- 

- 

 

 

 

dB 

dB 

IMR_L

CW 
‰ Ἕ └ 

1%PER̆ ѿ CW Ḥ =

+3dB 
- 66 - dB 

FERR_

L 

ҍ ӊ

Ẓ

ṿ̆

̆SFҹ 6~12 

BW +̆/-25%BW̆ └

ⱴҤ ̂ Ҋ̃ 
 

+/-25

% 
 BW 

ҍ ӊ

Ẓ

ṿ̆

̆SFҹ 10~12 

SF=12 

SF=11 

SF=10 

-50 

-100 

-200 

- 

- 

- 

50 

100 

200 

ppm 

ppm 

ppm 

 

2.5.6.  

̆ ᴆҹ̔ =25°C ̆VDD=3.3V̆FXOSC=32MHzȂ 

 11  

  ᴆ ṿ ῖ ṿ ṿ ᵝ 

VIH 
῀

 
 0.8 - - VDD 

VIL 
῀ᵞ

 
 - - 0.2 VDD 

VOH 
₮

 
Imax=1mA 0.9 - - VDD 

VOL 
₮ᵞ

 
Imax=-1mA - - 0.1 VDD 

FSCK SCK   - - 10 MHz 

tch 
SCK

 
 50 - - ns 

tcl 
SCK ᵞ

 
 50 - - ns 

trise 
SCK ҉

 
 - 5 - ns 

Tfall 
SCK Ҋ

 
 - 5 - ns 
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tsetup 
MOSI

 
׆ MOSI ⌠ SCK҉  30 - - ns 

thold 
MOSI

 
׆ SCK҉ ⌠ MOSI  20 - - ns 

tnsetup 
NSS

 
׆ NSSҊ ⌠ SCK҉  30 - - ns 

tnhold 
NSS

 

SCKҊ׆ ⌠NSS҉ ̆

 
100 - - ns 

tnhigh 

SPI

NSS

 

 20 - - ns 

T_DAT

A 

DATA

ҍ  
 250 - - ns 
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3. SX1276/77/78  

SX1276/77/78 ↓ᵞⱳ ȁ ⱳ ԅ ȂҊ

SX1276/77/78 Ȃ 

 

 4 SX1276/77/78  

SX1276/77/78 ѿ ᴰ ᵞҬ Ȃῒ Ḥ ᾢ ᵞ

̂LNÃ ȂҹḂԍ ⁞ ᴆ ᶏ ̆LNA ῀ҹ Ȃ ̆Ḥ

⌠ № ץ̆ ԋ └Ȃӊ ̆Ḥ Ҋ ⌠Ҭ ̂IF̃ ₮

֜̂I&Q̃Ḥ Ȃ ѿ Sigma-Delta ̂ADC̃ ̆

Ḥ Ȃ └ ꜚ ̂AFC ȁ̃

Ḥ ̂RSSĨ ꜚ └̂AGC̃ ⱳ ̆ ̂TLS̃

ⱳ ᵬ Ȃ 

ҹ ̂LÕ ̆ѿ ̂UHF̃ᵞ

̂ᵞԍ 525MHz̃̆ ѿ UHF ̂ ԍ 860MHz Ȃ̃ ̆ҹԅ

ᵞ ꜚ ‰ ᵬ̆SX1276/77/78 ̂PLL̃ ԅᴨ Ȃ

ᴰ Ҭ̆ץ PLL Ҭ └ȂPLL ץ

ץ̆ Ȃ 

SX1276/77/78 ԅ҈ҩҌ ⱳ ȂῒҬңҩ№≢ҍ RFO_LF RFO_HF

̆ +14dBm ⱳ ⱳ Ȃ ңҩⱳ ⱳ

̆ ѿ ᴆҍῒ ῀ ׆̆

ѿҩ Ȃ ҈ҩⱳ ҍ PA_BOOST ̆ Ғ

+20dBm ⱳ ⱳ Ȃҍ ⱳ Ҍ ̆ ҩ ⱳ

Ȃ 

SX1276/77/78 ңҩ ‰ȁѿҩ RC ץ ѿҩ 32MHz ᵣ Ȃ 

╠ ѿҩ SPI ̆

ץ SX1276/77/78 Ȃ ѿҩ ꜚ ̆ ץ

SX1276/77/78 Ҭ ‰Ȃ 



  SX1276/77/78 

&J  ῳ 

ḱ 1̆2013 9  

© 2013 Semtech Corporation 25  www.semtech.com 

SX1276/77/78 ԅ ‰ FSK └ ̂LoRa
TM̃ └ Ȃ

̆ ץ ᴰ OOK FSK └ LoRa
TM └ Ȃ 

3.1. LoRaTM └  

LoRa
TM └ Ғ≠ └ Ȃҍᴰ └ L̆oRa

TM ץ ⱴ

ῤ ⱬȂ ̆ ԅ ᵣ ‰ ׆̆

ᵞ ҉ Ȃ ῏ SX1276/77/78 Ḥ ̆

Ύ 4.1 Ȃ 

3.2. FSK/OOK └  

FSK/OOK Ҋ̆SX1276/77/78 ץ OOKȁFSKȁGFSKȁMSK GMSK ‰

└ Ȃ ԍ ԅᵞҬ ῤ ԅAFCⱳ ̆SX1276/77/78 ῒ ԍ ḤȂ

῏FSK/OOK └ Ḥ ̆ Ύ4.2 Ȃ
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4. SX1276/77/78  

4.1. LoRaTM └  

LoRa
TM └ └ ╠ Ȃҍᴰ FSK OOK └ ̆

Ҍֽ ԅ ̆ ғ ԅ ȂҊ ↓ ԅ

₃ ץ LoRa
TM └ ѿ֓ ᶛȂ ץ

ң ׆̆ ȁ ȁ ץ ӊ ⌠

Ȃ 

 12 LoRa
TM ┼ ᶡЃ868MHz Є 

̂kHz  ̃   

̂bps̃ ̂dBm̃ 

 

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 

 

̔ ᵞԍ62.5kHz ̆ ᶏ TCXOᵬҹ ץ̆ ⌠ȇ Ȉ

Ҭ ₮ Ȃ 

̆ᴰ ̆↕ Ӟ Ȃ

ᵞ ֟ ̆ ҍ ף Ȃ 

ҙⱵ̆ Ҭ↓ ԅERC 70-03 ҩ ᾛ ᵣῈ Ȃ ҙⱵ̆

׆̆ LoRa
TM └ ҉ ңҩ ꜚ Ȃ 

LoRa
TM └ ѿҩ ΐ Ȃ Ḥ GMSK Ḥ

└ ⱬ ⌠20dBȂ ҹ Ӈ ̆ LoRaץ
TM └ Ҍֽ ץ ԍ

ᶏ Ӟ̆ ץ ԍ Ḃץ̆ Ҭ └

Ȃ 

4.1.1. ԍLoRa
TM └  

4.1.1.1.  

LoRa
TM └ Ҋ Ȃ ԅ ̆ RegOpModĕ

FSK └ ℗ LoRa
TM └ Ȃ҉ ℗ ᵬ ץ ̂

̃Ҋ ̆ ԅ └ ⱬ ᶏ ‰ FSK OOK └ Ȃ

LoRa
TM └ Ғ └ ̆ └ҍ ̆

׆ ԅ Ȃ 
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 5 LoRa
TM ┼  

҉ ԅ Ḥ ȂῒҬ̆LoRa
TM └

‖FIFŎ ғ ᵬ Ҋ SPI Ȃ LoRa
TM └

ӊ ̆ ҬSX1276/77/78 ῏ Ȃ ԅ ҉ ῏

̆ 6 ῏ԍ Ȃ 

̆ ץ ȁ └ ҈ҩ῏

LoRa
TM └ ᴨ Ȃ ҉ ӊ ̆ ȁ

ȁ ӊ ⌠ Ȃ 

4.1.1.2.  

LoRa
TM └ ҩḤ ף Ḥ ҩᵝȂ Ḥ

ҹ ̂Rs̃̆ ҍ ӊ ṿ ҹ ̆ῒ

ҩḤ ᵝ ȂLoRa
TM └ Ҭ ṿ Ҋ Ȃ 

 13 ẅ  

 

̂RegModulationCfg̃ 

 

̂ / ̃ 

LoRa  

Ḥ ̂SNR̃ 

6 64 -5 dB 

7 128 -7.5 dB 

8 256 -10 dB 

9 512 -12.5 dB 
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10 1024 -15 dB 

11 2048 -17.5 dB 

12 4096 -20 dB 

 

̔ ҹҌ ̂SpreadingFactor̃ӊ ҹ ֜῏ ̆ ╠

Ȃ ̆ ῀ Ḥ Ȃ Ḥ ᴆҊḤ

Ӟ ̆ ԅLoRa ȁ Ȃ 

6 

SFҹ6 ̆LoRa └ ᴰ ̆ ѿ ֽ

’Ҋᶏ Ȃᶏ ̆ SX1276/77/78 ҉ Ҋ₃ץ ̔ 

É RegModemConfig2Ҭ̆ SpreadingFactor ҹ6̕ 

É ҹ ̕ 

É ̂0x31̃ 2 0ᵝҬΏ῀0b101ѿṿ̕ 

É ̂0x37̃ҬΏ῀0x0CѿṿȂ 

4.1.1.3.  

ҹ ѿ ̆LoRa
TM └ ╠ ҍ

Ȃᶏ ӊ ̆ᴪ֟ ᴰ Ȃ ᴰ ֟ Ҋ Ȃ 

 14  

̂RegTxCfg1̃   

1 4/5 1.25 

2 4/6 1.5 

3 4/7 1.75 

4 4/8 2 

 

’Ҋ̆╠ Ȃ ̆ ̂ ̃

ץ Ḥ ᴆ ðð ץ Ҭⱴ῀ Ḃץ Ȃ

῏LoRa
TM Ḥ ̆ 4.1.1.6 Ȃ 

4.1.1.4. Ḥ  

ⱴḤ ̆ ץ ץ ᴰ ̆p ץ №ѿ ҹ

ᴇȂף ̆ ᾛ ѿ ȂFSK └

̆ LoRa
TM └ Ҭ ↕ ̂ ῃḤ ̃Ȃ

LoRa
TM └ ̂ 2.5.5 ̃Ҭ↓₮ԅ Ȃ 

 15 LoRa  

̂kHz̃   ̂bps̃ 

7.8 12 4/5 18 
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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 

 

̔ ᵞ ̂169 MHz̃Ҍ 250kHz 500kHz Ȃ 

4.1.1.5. LoRa
TM ῏  

ԅ ץ └ ῏ ̆ ױ ᶏץ ҊῈץ ₮LoRa
TM ̔ 

 

ῒҬBW ̆SF Ȃ Ḥ ҹ Ḥ Ȃ ̆ ῗ ѿҩ

Ȃ 

4.1.1.6. LoRa
TM

 

LoRa
TM └ ң ȂῒҬ̆ ̆Һ

ȁ Ҭᶏ Όᵩ ̂CRC̃ Ḥ Ȃ

Ҋ Ȃ 

LoRa
TM Ҋ҈ҩץ №̔ 

É ╠  

É  

É  
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 6 LoRa
TM

 

╠  

╠ ԍḠ ҍ ῀ Ȃ ’Ҋ̆ 12ҩ ╠

Ȃ╠ ѿҩ ץ ̆ ╠ץ ץ Ȃᶛ ̆

Ҭ̆ҹԅ ̆ ╠ Ȃ ̆╠ ᾛ

ץ Ȃ ԍ ╠ ’̆ ץ ╠

6⌠65536ӊ ╠ ̆ ╠ ҹ6+4

65535+4ҩ Ȃ ₃Ӎ ץ ᴋ ╠ ↓Ȃ 

ᴪ ╠ Ȃ ̆ ╠ ҍ ѿ Ȃ ╠

ҹ ᴪ ̆ ╠ ҹ ṿȂ 

 

ᵬ ̆ ץ ң Ȃ RegModemConfig1 ҉̆

ImplicitHeaderModeOnᵝ Ȃ 

 

ᵬ Ȃ Ҋ̆ ῏Ḥ ̆ ̔ 

É ץ ̕ 

É ╠ ̕ 

É 16ᵝ CRCȂ 

̂4/8̃ Ȃ ̆ CRC̆ᶏ ҡץ

Ȃ 

 

’Ҋ̆ ȁ CRCҹ ̆↕ Ạ

Ȃ ’Ҋ̆ ꜚ ң

ȁ CRCȂ 

̔ SF ҹ6̆↕ ᶏ Ȃ 

ᵞ ᴨ  
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ԍ ̆ ץ

ᴰ Ȃ ᵞ ̆ LowDataRateOptimizeᵝ

LoRa Ȃ ҩ ᴰ 16 ̆ ᶏ LowDataRateOptimize

ᵝȂ ̔ LowDataRateOptimizeᵝ ѿ Ȃ 

 

ѿҩ Ҍ ̆ CR↕ Ҋ

Ҋ ‗ Ȃ ̆ ץ Ҭ

CRC Ȃ ῏ Ḥ ᵥ׆FIFO ̆ 4.1.2.3 Ȃ 

4.1.1.7. ᴰ  

̂SF̃ȁ ̂CR̃ Ḥ ̂BW̃̆ ᶏץ ҊῈץ ₮

ҩLoRa
TM ᴰ Ȃ ӈ̆ ץ ₮ Ȃ 

 

LoRa ԍ╠ ᴰ ӊ Ȃ╠ ҊῈץ

̔ 

 

ῒҬ̆npreamble ╠ ̆ῒṿ ҉ RegPreambleMsb

RegPreambleLsbᵝȂ ‗ԍ ᶏ Ȃ ץ ҊῈץ

Ȃ 

 

Ὲ Ҭ ΐᵣ ӈ Ҋ̔ 

É PL ̕ 

É SF ̕ 

É ᶏ ̆H=0̕ ̆H=1Ȃ 

É LowDataRateOptimizeᵝ ҹ1 ̆DE=1̕ ↕DE=0 

É CR ̆ ṿ ҹ1-4 

ԍ ӗץ  

 

ᴰ ԍ╠ ⱴ҉ Ȃ Ὲ Ҋ̔ 
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4.1.1.8. LoRa
TM

 

ҩ ῏ ᾛ Ḥ Ả ̆ѿ

̂FHSS̃Ȃ ’ ҹ ̆ Һ 902-928MHz ISM ̆Ḃԍ

ȂҹԅḆ FHSS ̆ ץ RegHopPeriod FreqHoppingPeriod

ᵝ ҹ ṿ̆׆ LoRa
TM └ Ȃ 

ᵬ  

FHSS ᵬ ҹ̔ ҩLoRa
TM №ῤ └ MCU

Ҭ Ḥ Ȃ ӊ ̆ ℗ ⌠

ӈ↓ Ҭ ҊѿҩḤ Ḃץ̆ Ҋѿ №ῤ Ȃ ᴋѿḤ ῤ

FreqHoppingPeriod‗ ז , ṐȂ 

 

ԍḤ 0Ȃ╠ ᾢ Ḥ 0 Ȃ ̆

Ḥ ̂FhssPresentChannel̆ᵝԍ RegHopChannel̃ ⱴ̆ ֟ Ҭ

Ḥ ̂FhssChangeChannel̃Ȃ ῤ Ḡץ̆ Ҋ ᴪ

̆ӊ ῬΏ῀ñ1ò׆ Ҭ Ḥ ̂ChangeChannelFhss̃ Ȃ 

FHSS Ḥ׆ 0 Ȃ ╠ ̆ ҉ Ȃ ̆

CRC ̆ ᴪ ꜚ Ḥ 0 ╠ Ȃ 

Ḥ  

⌠ ̆ Ḥ Ҭ Ḥ FhssChangeChannel ᴪ֟ ȂҊ ԅ

̔ 
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 7 ꜗ ֥ Ҳ Ḫ  

4.1.2. LoRa
TM

 

LoRa
TM └ ҈ ̆ ȁ ѿҩFIFO Ȃ

֓ ᴆ SX1276/77/78 SPI ðð ΐᵣḤ Ҋ Ȃ

6.4 ↓₮ԅ SPI Ȃ 

4.1.2.1. LoRa
TM

 

ץ SPI Ȃ ᴋᵥ ̂ ̃Ҋ ̆ᵖ

ֽ Ҋ ΏȂ ̔ LoRa
TM Ҋ̆ ꜚ ̂TLS ̃Ҍ

̆ ῏ 38ȂLoRa
TM ῤ FSK/OOK Ҋ Ḡ

Ȃ ԅ FSK/OOK LoRa
TM ῍ ⱳ ̆ ῏ԍ ҍ

╠ ῤ ̂ 5 ̃Ȃ 

4.1.2.2.  

Ҭ ᶫ Ḥ Ȃ 

4.1.2.3. LoRa
TM

FIFO  

 

SX1276/77/78 ԅ256 RAM ̆ ֽ LoRa ȂRAM

Ҋץ̂ ҹñFIFO ò̃ ץ ῃ └̆ ԍ Ȃ

LoRa
TM

FIFO SPI Ȃ ӈ FIFO ῏ Ҋ Ȃ

֓FIFO Ḡ ҍ ᵬ ῏ ̆ ӊ ̆ ῒז ᵬ Ҋ
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Ȃ ℗ ⌠ ̆ ᴪ ꜚ ῤ Ȃ 

 

 8 LoRa
TM

 

ᵬ  

FIFO ̆ ץ ῤ Ữ Ḥ Ȃ

RegFifoTxBaseAddr ԅ Ữ Ḥ ᵝ Ȃ ̆ ᵬ̆

RegFifoRxBaseAddrӞ ԅ ᵬҬΏ῀ ᵝ Ȃ 

’Ҋ̆ ᴆ҉ Ḡץ̆ ѿ ῤ ԍRx̂RegFifoRxBaseAddr ∆

0x00̃̆ ѿ ῤ ԍTx̂ RegFifoTxBaseAddr ∆ 0x80 Ȃ̃ 

̆ ԍFIFO ̆Tx Rx ץ 256 ῤ ῤ

Ȃ ҩ FIFOҬᴋ ᵝ Ȃҹԅᾟ№≠ FIFO ῤ Ữ

̆ ץ RegFifoTxBaseAddr RegFifoRxBaseAddr ҹ

̂0x00̃̆׆ ᶏ ҩFIFO ֽ Ҋᶏ Ȃ 

ᴆ ҹ ̆FIFO Ȃ ̆ Ҋ FIFO

Ȃ ̆ ᴆ℗ ⌠LoRa
TM ῒז ᵬ F̆IFO Ҭ ↕Ḡ Ҍ ̆

└ ᶷ ӊ ץ ₮ Ȃ ѿ

Ώ῀ ᾝ ̆FIFO Ҍ ̂ ᴆ ҹ ̃

̆ ñ ò ֓ Ȃ 

SPI Ώ῀ ╠ FIFO ᾝ RegFifoAddrPtr ӈȂ

̆ ᴋᵥ Ώ῀ ᵬ╠̆ ᾢ ∆ ҹ Ȃ׆FIFO

̂RegFifõ FIFO Ώ῀ ̆ ꜚ ṿȂ 
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ⱳ ᵬ ̆ RegRxNbBytesᴪ ӈ Ώ῀ ᾝ

Ȃ RegPayloadLength↕ ᾝ Ȃ

Ҋ̆ RegRxNbBytes ̆ ҹ Ȃ

Ҋ̆ ∆ ҍ Ҭ ѿ Ȃ

RegFifoRxCurrentAddr FIFO Ҭ Ữᵝ ̆

RegFifoAddrPtr RegFifoRxCurrentAddr̆ Ȃ 

̔ ᶏCRC ̆ ⌠ Ӟ ᴪΏ῀FIFO ̆ ץ

ӈ ᵬ̕ ̆ ̆

№ Rx ̆ ᴪ ῤỮ № Ȃ 

4.1.3. LoRa
TM └ ᵬ  

4.1.3.1. ᵬ └ 

ꜚLoRa
TM ̂ RegOpMode LongRangeModeᵝ̃ ̆ ץ LoRa

TM └

ᵬ Ȃ ᶫ ⱳ ‗ԍ ᵬ ̆ Ҋ  ̔

 16 LoRa
TM ᵲ ꜗ  

ᵬ   

 

ᵞⱳ Ȃ Ҋֽ̆SPI ץ ̆LoRa FIFOҌ

Ȃ 

, ѿᾛ FSK/OOK ҍLoRa ℗ ᵬ Ȃ 

 ᵣ LoRa ̆ № PLL↕ ῏ Ȃ 

FSTx  
ѿ ԍ Ȃ PLL ԍ ̆

҉Ḡ Ȃ № ῏ Ȃ 

FSRx  
ѿ ԍ Ȃ PLL ԍ ̆

҉Ḡ Ȃ № ῏ Ȃ 

TX  
̆SX1276/77/78 ȁ ⱳ

̂PÃȁ ̆ ℗ Ȃ 

RX  
̆SX1276/77/78 ȁ

⌠ ̆ ⌠ ᵬ Ȃ 

RX ѿ  
̆SX1276/77/78 ȁ ⌠

╠Ḡ ȁ ℗ Ȃ 

CAD  CAD Ҋ̆ Ḥ ץ̆ LoRa╠ Ḥ Ȃ 

 

RegOpMode ṿ̆ ᴋ׆ץ ѿ ℗ ⌠ ѿ Ȃ 

4.1.4.  

Ὲ Ҋ̔ 
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LO ṿ̆ ΐ Ҋץ ̔ 

Frf ӈ 24ᵝ ȂץҊῈ ԅ ҍ ῤ ӊ ῏ ̔ 

 

4.1.5. LoRa
TM └ ↓ 

Ҋ ԅ׆LoRa
TM └ ↓ ᶫԅῖ ᵬ ↓

Ȃ 

↓ 

Ҋֽ̆ Ṝ ᴪ ꜚ ȁPLL PA ̆

ᴨץ ⱳ Ȃ 9 ԅῖ LoRa
TM ↓Ȃ 
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 9 LoRa
TM ┼ ∆ 

É ȁ FSTx Ҋ ץ Ȃ 

É LoRa
TM

 FIFO Ҋ ᾛ Ώ῀Ȃ 

É TX ̆ Ȃ 

É ѿ ̆↕ ₮TxDoneҬ ̆ ⌠ Ȃ 

É ᵬ ̆ ץ ꜚ ҹ FIFO Ώ῀

Ḃץ̆ Ῥ Tx ᵬȂ 

LoRa
TM Ώ῀FIFO  

Ώ῀FIFO ̆ ̔ 
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1 FifoPtrAddr ҹFifoTxPtrBaseȂ 

2 PayloadLength Ώ῀FIFO (RegFifo) 

↓ 

10 ԅ ѿ ᵬ Ҋῖ LoRaT
M ↓Ȃ 

 

 10 LoRa
TM ∆ 

LoRa ң ᵬ ̔ 
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1. ѿ  

2.  

ԍң №≢ Ҍ ᶛ̆ ԅ ң ӊ ≢ ῏ Ȃ 

ѿ ᵬ  

Ҋ̆ └ ῤ ╠ Ȃ

⌠╠ ̆↕ ᴪ֟ RxTimeoutҬ Ḥ ℗ Ȃ ץ̂

̃ RegSymbTimeout ӈ̆ ҹ4̂ └ ╠ ̃⌠

1023ҩ Ȃ ṿҹ5Ȃ ῤ ╠ ↕̆ᴪ֟ RxTimeoutҬ Ḥ ̆

℗ Ȃ 

̆ CRC ̆↕ᴪ֟ RxDoneҬ Ḥ PayloadCrcErrorҬ

Ḥ Ȃ ̆ ᶏCRC ׅ̆ ץ FIFO ҬΏ῀ Ḃץ̆ Ȃ

RxDoneҬ ֟ ̆ ℗ Ȃ 

RxDone RxTimeoutҬ Ḥ ֟ ̆ └ Ӟᴪ ꜚ ⌠ Ȃ ̆

⌠ ҹ ’Ҋ ᴪᶏ RX ѿ Ȃ ῒז ’Ҋ̆ ᶏ

RX Ȃ 

RX ѿ Ҋ̆ ⌠ ̆ ῏ PLL ץ̆ ᵞⱳ Ȃ Ҋ̔ 

1 FifoAddrPtr ҹFifoRxBaseAddrȂ 

2 ȁ FSRx Ҋ Ώ῀ Ȃ 

3 RX ѿ ᵬ ̆ ץ ꜚ ѿ ᵬȂ 

4 ╠ Ȃ ⌠ ╠ ̆ ┴ Ȃ

⌠ ValidHeaderҬ Ḥ ̆ Ȃ

̆֟ RxDoneҬ Ḥ Ȃ ̆ ꜚ ⌠ ⁞ץ̆ ⱳ Ȃ 

5 PayloadCrcError̆ץḠ Ȃ 

6 ⌠ ̆↕ FIFO Ҭ ̂ Ҋ

̃Ȃ ѿ ̆↕ RX ѿ ᵬ ץ̆

ḂῬ ꜚ ððⱵ SPI ̂FifoAddrPtr̃ ⌠

̂FifoRxBaseAddr̃Ȃ
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ᵬ  

Ҋ̆ └ ᴪ Ḥ ץ̆ ╠ Ȃ ⌠╠ ̆

└ ᴪ ⌠ ╠ ╠ ̆ Ҋѿ╠ Ȃ 

╠ RegPreambleMsb RegPreambleLsb ṿ̂

̃̆ ↕╠ ᴪ ҡ ̆ ╠ Ȃp Ҍᴪ֟ Ҭ Ȃ

ҍ ѿRx ̆ Rx Ҋ̆ ֟ Ҭ ̆ Ҍᴪ ῀ Ȃ ̆

╠ Ҭ Ḥ Ȃ 

̔ ↓Ώ῀ Ȃ ӊ̆ ѿҩ ᴪ

҉ѿҩ ѿҩ ӊ Ώ῀Ȃ Ҋ̆ Ҍᴪ Ȃ

̆῏ └ MCU Ḡץ̆ FIFO Ҍᴪ ₮Ȃ 

Ҋ̆ ↓ Ҋ̔ 

1. Ҋ̆ RXCONT Ȃ 

2. ⌠ ӊ ̆ ᴪ֟ RxDoneҬ Ȃ ѿ ԍRXCONT ̆ Ҋ

ѿҩLoRa
TM Ȃ 

3. PayloadCrcError ץ̆ Ȃ 

4. ̆↕ ץ FIFO ̂ Ҋ ̃Ȃ 

5. ̂ 2-4̃ ̆ ’Ҋ ₮ ᵬ Ȃ 

ᵬ Ҋֽ̆ ѿҩ Ḥ Ȃ ӊ̆ ⌠Ҋ

ѿҩRxDoneḤ ӊ╠ Ȃ 

FIFO׆  

ҹ׆FIFO ̆ Ḡ RegIrqFlagsҬ ValidHeaderȁ

PayloadCrcErrorȁRxDone RxTimeout Ҭ Ḥ ץ̆ Ḡ ⱳ

̂ Ҍ ᴋᵥ ̃Ȃ 

̆ Ҋץ ̆ ҡ Ȃҹ׆FIFO ⌠

̆ ̔ 

É RegRxNbBytes̔ ⌠ ҹ ⌠ Ȃ 

É RegFifoAddrPtr̔ ԅLoRa └ Ώ῀ᵝ ꜚ Ȃ 

É RegFifoAddrPtr ҹRegFifoRxCurrentAddr̔ FIFO FIFO

Ҭ Ữᵝ Ȃ ץ RegRxNbBytes RegFifoҬ

ץ̆ Ȃ 
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É ̆ ץ ꜚ RegFifoAddrPtr ҹRegFifoRxByteAddr⁞ RegRxNbBytes ṿ̆

ᶏ ׆ ╠ ̆ѿ Ữᵝ Ȃ ץ

RegRxNbBytes RegFifoҬ ץ̆ Ȃ 

ԍ╠  

LoRa └ ᴪ ꜚ ⌠ Ȃp SX1276/77/78 ԍ

╠₃ҩ ῤ ᴆ ȂҊ ץ 4 ҹᶛ

ԅ Ȃ ֲ Ȃ 

Ȃ ↕̆ ℗

Ḃץ̆ ᶏ Ȃ 

ᴆ Ҋ̔ 

É ⌠RxDoneҬ Ḥ ̆ start_addressҬ RegFifoRxByteAddr[7:0]

ῤ ȂSX1276/77/78 RegFifoRxByteAddr[7:0] LoRa

└ Ώ῀ ѿҩ +1̂ Ҋѿҩ Ώ῀ ̃Ȃ

Ḡץ start_address Ҋѿҩ Ȃ 

É ⌠ValidHeaderҬ Ḥ ӊ ̆ RegFifoRxByteAddr[7:0] ̆ ⌠

ṿȂ ṿ ‗ԍ ȁ └ Ȃ̂ ̔

Ҋׅ ᴪ֟ Ҭ Ḥ ̃Ȃ 

É RegFifoRxByteAddr[7:0] ԍ ԍ +4̆↕╠4ҩ ̂ ̃ ᴪ

῀FIFO Ȃ ץ ֓ ̆ ץ̆

Ḡ Rx Ḃץ ▼Ҋ ̆ Rx Ҋ L̆oRa └

⌠ Ȃ 

ᵬ 

ѿ LoRa
TM Ҋ̆ ץ ⱳ Ḃץ̆ ᾢ ӈ

ῤ ⌠ Ȃ ҹ ̆ ῀ ѿ

┴ ꜚȂ RegIrqFlags Ҭ ץ RxTimeoutҬ Ḥ Ȃ Rx ѿ Ҋ̆ ֟

Ҭ Ḥ ̆ ᴆ ⌠ ̆ ғ ᴆ ⌠Rx ѿ ╠̆ Ҭ

Ḥ Ȃ Rx Ҋ̆ ֟ Ҭ Ḥ ̆ᵖ ᴆ ѿ ԍRx Ȃ ̆

Rx Ҋ̆ └ MCU Ҭ Ḥ Ȃ ṿҹ

Ṑ̆ῒ Ὲ Ҋ̔ 

 

Ḥ ꜚ ̂CAD̃ 

└ ױֲ̆ ᵞԍ Ḥ ᶏ Ḥ ̆

ҳ Ȃ ’Ҋ̆ᶏ RSSI Ҍ Ȃҹԅ ‗ ҩ ̆ ᶏ Ḥ
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ꜚ ῒזLoRa
TMḤ Ȃ 11 ԅCAD ̔ 
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 11 LoRa
TM

 CAD  

ᵬ  

Ḥ ꜚ ץ ⱳ Ḥ ҉ LoRa╠ Ȃ CAD

Ҋ̆SX1276/77/78 ץ̆ LoRa ╠ Ȃ 

CAD Ҭ̆ ᴪ Ҋץ ᵬ̔ 

É PLL Ȃ 

É ׆Ḥ LoRa╠ Ȃ Rx

Ȃ 

É PLL ῏ ̆ └ Ȃ 

É └ ҍ ╠ ӊ ῏ ῏ Ȃ ῏ ῏

ֽ ԍѿҩ Ȃ ̆ ⁞ Ȃ 

É ̆ └ ֟ CadDoneҬ Ḥ Ȃ ῏ ⱳ̆↕ᴪ ֟

CadDetectedḤ Ȃ 

É ⌠ Ȃ 

É ╠ ̆ Ҭ ̆ ҹRx ѿ ׆̆

Ȃ 

Ḥ ꜚ ‗ԍᶏ LoRa └ ȂҊ ԅῖ CAD

̆ ҹLoRa Ṑ ȂCAD ῤ̆ (2
SF

+32)/BW Ҭ ԍ

̆ῒᵩ ↕ ԍᵞⱳ Ȃ 
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 12 CAD ᵲҿ ⃰  

Ҋ Ҭ̆CAD ↓ № ҹ ҩԊᴆ̆ץ Ҋ

Ȃ 

 

 13 LoRa CAD ꜗ ‟ 

Ḥ ꜚ Ҭ̆ ֽ ╠ ῤ ԍῃ ̆ ῀ᵞⱳ ̆

CADⱳ LoRa ̆ΐᵣ Ҋ Ȃ 

 17 LoRa CAD  

̂kHz̃ ῃRx ̆IDDR_L (mA) ᵞ ̆IDDC_L (mA) 

7.8 41.7 11 5.2 

62.5 11 5.6 
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125 11.5 6 

250 12.4 6.8 

500 13.8 8.3 

 

̔ ᶏ 2 3 ᵞ ֓ ṿᴪ ᵞȂ 

4.1.5.1 IO  

SX1276/77/78 6ҩ IO LoRa
TM Ҋ Ȃ ױ ῏ ‗ԍ

RegDioMapping1 RegDioMapping2 ңҩ ̆ΐᵣ Ҋ Ȃ 

 18 LoRa
TM Ґ DIO  

ᵬ

 

DIOx

 
DIO5 DIO4 DIO3 DIO2 DIO1 DIO0 

ῃ  

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. └  

RegModemStatҬ ModemStatusᵝ ԅLoRa └ Ȃ ֓ᵝ ԍRx

Ҋ ̆ Ҋ̔ 

É ᵝ0̔Signal Detected ⌠ԅѿҩ LoRa╠ Ȃ 

É ᵝ1̔Signal Synchronized ⌠ԅ╠ ̆ ғ └ Ȃ 

É ᵝ3̔Header Info Valid ⌠ ̂ CRC̃ ̆ ҹ Ȃ 

4.2. FSK/OOK └  

4.2.1.  

Ṣꜛ ᵣ ̆ ‰ץ ̂ ̃Ȃ

Ҋ̂ 3.2.2 ̃̆ ᶏ ̂ 10̂DIO1/DCLK̃ DCLK

Ḥ ̃̆ ↕ ץ 9̂DIO2/DATÃץ

῀ └ Ȃ ῏ ΐᵣḤ ̆ 4.2.2.3. Ȃ 

Ҋᶏ ↕̆ RegBitrateMsb RegBitrateLsb

Ҭ Bitrateᵝ‗ Ȃ 
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̔BitrateFracᵝ OOK └ ҊҌ ᵬ ̂ ҹ ԍ0̃Ȃ 

BitrateFrac ԍ ῤ ‰ ̂ 250ppm № Ȃ̃

16↓₮ԅѿ ↓ ‰ ῒ ⌠ ‰ Ȃ 

 19 ᶡ 

 
̂15:8  ̃ ̂7:0  ̃

̂G̃FSK 

̂G̃MSK 
OOK 

̂ / ̃ 

ᴰ └

̂1.2 kbit/s Ṑ ̃ 

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 

ᴰ └

̂0.9 kbit/s Ṑ ̃ 

0x02 0x2C 57.6 kbit/s  57553.95 

0x01 0x16 115.2 kbit/s  115407.9 

̂12.5 

kbit/sȁ25 kbit/s 50 

kbit/s Ṑ ̃ 

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/OOKᴰ  

4.2.2.1.FSK └ 

PLL № № ̆ ץ PLL ῤ FSK └Ȃ ԍ

Sigma-delta └ № ̆ ᾛ Ẓ Ȃ Ẓ FDEV Ὲ

Ҋ̔ 

 

ҹḠ └ ̆ Ẓ Ҋץ └ ᴆ̔ 
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̔ └ └̆ᵖ Ẓ 600Hz-200kHzӊ Ȃ 

4.2.2.2.OOK └ 

῏ ̆ ץ ῏ OOK └Ȃ ץ └

OOK ⱳ Ȃ 

4.2.2.3 └  

OOK FSK └ Ҋ └ ׆̆ Ȃң

RegPaRampҬ PaRampᵝ └Ȃ 

É FSK └ Ҋ̆BTҹ0.5 1 ԍ Sigma-delta └ ῀

└ Ȃ SX1276/77/78 ԍ ’Ҋ ԅ ̆↕ ᴰ

ԅѿҩ ӊ ̆ 10̂DIO1/DCLK̃ DCLKḤ ᴪ uCҬ Ȃ

4.2.12.2 Ȃ 

É ᶏ ԅOOK └ ↕̆PAẒ ᴪ PA ῏ ≠ ̆ ⁞

Ȃ 

̔ ModulationShaping ̆ ׆̆ ‰ῤ Ȃ 

4.2.3. FSK/OOK  

4.2.3.1. FSK  

SX1276/77/78 FSK ԍ FSKȁGFSKȁMSK GMSK └Ḥ Ȃ Ḥ

└ ԍ0.5ғ ԍ10 ̆ ̔ 

 

FSK ₮̆ ῀ Ȃ 

4.2.3.2. OOK  

OOK RSSI ₮ҍ ṿ Ȃ ṿ ῍№ҹ҈ ̆ RegOokPeakҬ

OokThreshTypeᵝ Ȃ 

ᶏ ṿ ᵬ ̆ 14Ȃ 
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 14 OOK  

ṿ Ҋ̆ ҳ ṿҹRSSI ṿ⁞ 6dBȂ ῀Ḥ ľ0Ŀ

Ҭ ↕̆ ҩOokPeakThreshDec ṿ⁞ ѿҩOokPeakThreshStepȂ 

RSSI ₮ ̂ᶛ ⌠ѿҩ ῃľ0Ŀ ұӊ ̆ ̃̆

ҳ ṿ ᴪ Ҋ ̆ ⌠OokFixedThreshҬ ñ ᵞ ṿòȂ 

OOK ȇ ȈҬ Ȃ ̆ ѿ֓ Ҭ̆

Ḥ ᴪ Ҭ ⁞̆ ’̆ Ҋ҈ҩץ ᴨ Ȃ 

ᴨ ᵞ ṿ 

OokFixedThresh ԅ ῀Ḥ ̂ ῀Ḥ ̃ ṿ̆׆ ‗

OOK Ȃ OokFixedThresh ̆ ץ Ȃ 

̔ ῀ ‗ԍץҊ ̔ 

É Ȃ 

É ׆ Ȃ 

É ðð ̂SAW, ̃Ȃ 

É Ḥ Ȃ 

̔OokFixedThresh ‗ԍΐᵣ Ȃ ᶏ Ҋץ

OokFixedThresh ᴨ Ȃ 
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 15 ᵤ ẅᴮ  

₮ ᵞ ṿ ҉ ԍOOKḤ Ȃ 

Ḥ ᴨ OOK  

Ḥ ⁞ ҉ Ȃ ץ Ḥ ⁞ ̆ ץ Ҋ

ᴨ OOK ̂ OokPeakThreshStep OokPeakThreshDec̃̆ץ

⌠ ṿ ⁞/ ṿȂΐᵣ ̆ RegOokPeakȂ 

OOK ṿ  

ԅOOK ṿ ӊ ̆ ץ Ҋңץ ṿ ̔ 

É ṿ ̔ OokFixedThresh ṿȂ 

É ṿ RSSI׆̔ ᶫ Ҭ ṿ̆ ֽ ԍ

Ȃ 

4.2.3.3.  

׆ ᵝ Ḥ ₮ Ȃ

ץ Ҋ DIO1/DCLK ₮̆ ץ ῏ Ȃ ̆

ҹԅ ⌠ ᶃ ̆ ≢ Ҋ̆ ᶏ Ȃ 

Ҋᴪ ꜚ ̆ῒ RegBitrateҬ BitRateMsb

BitRateLsb └Ȃ 
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 16  

Ҋץ ᴆ̆ Ḡ ̔ 

É ╠ ̂0x55 0xAÃ ⌠12 Ḡץ̆ ᵬȂ ̆

Ȃ 

É ᴰ Ҭ̆ 16 ѿҩ ̂҉

Ҋ ̃Ȃ 

É ӊ Ҍ 6.5%Ȃ 

4.2.3.4. ̂FEĨ 

FEI ԍ Ҭ ҍ └Ḥ ӊ Ȃ

FEI ӊ ̆ ԋץ └ RegFei FeiValueҬȂFEI ᵀ

4ҩ Ȃ 

ҹḠ FEI ̆ Ạ⌠ץҊ₃ ̔ 

É ╠ Ҭ Ȃ 

É Ẓ ҍ20dBḤ ӊ ԍ ̆ ҩ └ Ȃ 

ץ ҊῈץ 20dBḤ ̂ ̃ ᵀ̔ 

 

ץ ҊῈץ Hzҹץ̂ ᵝ̃̔ 
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℗ ⌠ ӊ ̆FEIᴪ ꜚ̆ ғ 4 ꜚ┘ ѿ Ȃ 

4.2.3.5. AFC 

AFCץFEI ҹ ̆ ̆ ῀Ḥ ҍ ᴆȂ AFC Ҭ̆

׆ ӈ ᵬ ̂FRF̃ ҉ ⁞ AfcValueȂ AfcAutoOn ԍ1̆↕

ꜚ ᴪ AFCȂ 

AFC ꜚ ̂AfcAutoOn = 1̃̆ ץ Ҋץ ᵬ̔ 

É AfcAutoOn ԍ1̆ ӊ╠ AFC ṿȂ Ҋ ∆׆ץ Ҭ

Ȃ 

É ҉׆ AFC ᵀȂ Ạ ԍҬ ̂

̃ Ȃ 

AFC ̆SX1276/77/78 ᶫԅ ѿ ᾛץ̆ Ȃ

RegAfcBw̆ ץ AFC Ҭ Ȃ ῖ Ҭ̆ѿ

AFC̆ ᴪ ┴ ⌠ Ḥ ᶏ Ḥ ̂RegRxBw̃̆ץ Ḡ Ḥ

≠ Ȃ 

̔FEI ╠ Ҭ ȂPreambleDetect ץ ԍ ѿ ᴆ̆

׆ AFC FEI ᵬ Ȃ ץ RegRxConfig Ҭ

StartDemodOnPreamble ꜚ FEI Ȃ 

῏ԍ ᵥ ҉ ץ ꜚAFC ׃ ̆ 4.2.6 Ȃ 

4.2.3.6. ╠  

╠ 0101 ↓ └ Ȃ ̆╠

Ẓ Ҍᴪ Ȃ ץ Ҋ ̆ RegPreambleDetectҬ

PreambleDetectorSize ṿ ץ̆ 1 3ҩ Ȃ 

 20 ╦  

PreambleDetectorSize  

00 1 

01 2̂ ̃ 

10 3 

11  

 

ҹḠ ᵬ P̆reambleDetectTol ҹ10̂ 0x0Ã̆ ╠ ҹ

2ҩ Ȃ 

Ẋ PreambleDetectorOn ԍ1̆↕ ⌠ ╠ ̆PreambleDetectҬ ̂

RegIrqFlags1 ҹ DIÕ ӊ Ȃ 
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╠ Ӟ ᵬҹץ ץ̆ Ḡ ╠ AFC AGCȂ ῏ ̆

4.2.6 Ȃ 

4.2.3.7. Ἕ └  

SX1276/77/78 ‰ 35dB Ἕ └ Ἕ └ ̂IRM̃Ȃᶏ ᵞ PLL

‰ ̆ Ἕ └ 48dBȂ 

4.2.3.8. ἝҍRSSI ‰ 

ꜚ ‰ ԍ ‰ ᵝҍI&Q ׆̆ └ RSSI Ȃ Ҋץ

’Ҋ ץ Ἕ └ RSSI ‰̔ 

É ҉ ᵝ ꜚ ᵝӊ ̂ 7.2 ̃̆ ꜚ

‰Ȃ ԍ ҹ ̆ Ἕ └ Ҍ ’Ҋ̆ ꜚ ‰ Ȃ 

É ₮ ̆ ꜚ ‰Ȃ 

É ԍ ̆ ̆ RegImageCal ImageCalStartᵝ

ꜚ ‰Ȃ ̆ LoRa
TM Ҋ̆҉ ‰ Ҍפ Ȃ ‰̆

ҳ ℗ FSK/OOK Ȃ 

ғTempMonitorOffҹ0 ↕̆ ץ TempThreshold̂ 5ȁ10ȁ15 20°C ̃

⌠ ̆ ғ TempChangeҬȂ 

AutoImageCalOn ԍ0̆ ץ Ṝᶏ ѿҬ Ἕ

└ ‰̕ AutoImageCalOn ԍ1̆ ץ ᵌ ᶏ ѿ

Ҭ Ἕ └ ‰Ȃ 

ҩ ‰ 10 Ȃ 

4.2.3.9. ⱳ  

SX1276/77/78ΐ ⱳ ̆ ץ ѿҩ ↓ӊ ꜚ῏ ׆̆ ᵞⱳ Ȃ 

É ℗ ⌠Rx ̆ ѿ ῤ ֟ Rssi ̂RssiValue > 

RssiThreshold̃̆↕ᴪ֟ Ҭ Ḥ TimeoutRxRssi x 16 x TbitȂ 

É ℗ ⌠Rx ̆ ѿ ῤ PreambleDetect ̆↕ᴪ֟

Ҭ Ḥ TimeoutRxPreamble x 16 x TbitȂ 

É ℗ ⌠Rx ̆ ѿ ῤ SyncAddress ̆↕ᴪ֟ Ҭ

Ḥ TimeoutSignalSync x 16 x TbitȂ 

ҩ Ҭ Ḥ ץ ԍ ῏ ῏ ⌠ᵞⱳ Ȃҹԅ ⌠

̆ RegRxConfigҬ RxTrigger Ҋ↓ Ҭ Ȃ 
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 21 ꜠ Ҳ Rx  

Ԋᴆ 
Rx  

̂2:0̃ 
Rssi  ╠   

 000 ῏  ῏  

 

RssiҬ  001  ῏  

PreambleDetect 110 ῏   

RssiҬ ҍ

PreambleDetect 
111   

 

4.2.4. FSK/OOK Ҋ ᵬ  

SX1276/77/78 ᵬ ̆ RegOpModeҬ ꜚ Ȃᶏ 4.2.8. Ҭ

ῃ ꜚ ȁ Ӟ Ȃ 

 22  

    

000  Sleep  

001  Stdby ҉ ᵣ  

010 Tx  FSTx ԍ ̂Frf̃ 

011  Tx  

100 Rx

 

FSRx ԍ ̂Frf-IF̃ 

101  Rx  

 

ѿ׆ ℗ ѿ ̆ ᴪ ᾢ ᴨ Ȃ 

4.2.5. ꜚ  

ꜚ ‗ԍ ∆ Ȃ ԅ ̆ 17Ҭ

ᵞⱳ׆ ñ ò ⌠ ꜚ ҩ Ȃ 
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 17 ꜠  

TS_OSC ᵣ ꜚ ῒ̆ ‗ԍ ᵣ ȂTS_FS PLL ꜚ

̆ῒ VCO ‰ Ȃ 

҉ 2.5 Ҭ ₮ԅTS_OSC TS_FS ṿȂ 

4.2.5.1. ꜚ  

FSK Ҋ̆ ꜚ TS_TR ҊῈ ̔ 

 

ῒҬ̆PaRamp RegPaRampҬ ̆Tbit ᵝ Ȃ OOK Ҋ̆҉

Ὲ ҹ̔ 

 

4.2.5.2. ꜚ  

ꜚ TS_RE ‗ԍ ꜚ Ȃ AFC ꜚ ̂ ̔

AfcAutoOn=1 ̃̆ ᶏ AfcBw̆ RxBw ꜚ Ȃ 

 23 ꜠  
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ꜚӊ ᴆ ҹ ӊ ̆ ⌠ᴋѿ ⌠ Ȃ 

4.2.5.3. RSSI ᵀ  

‰ ̆ ҩRSSI ᶫᶏ ̆ ӊ̆ ₮

TS_RE + TS_RSSI ṿȂ 

 

 18 RSSI  

TS_RSSI ‗ԍ ̆ ѿ Ҭ RssiSmoothing ѿ Ȃ5.5.4

₮ԅTS_RSSI Ὲ Ȃ 

4.2.5.4. Tx℗ Rx  
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 19 Tx ⅓ Rx  

̔ SPI פ ̆ ҹҍῒ ̆ ױ ṿ ᵞ ̂

10MHz SPI ̃Ȃ 

4.2.5.5. Rx ℗ Tx  

 

 20 Rx ⅓ Tx  

4.2.5.6. ̆Rx ℗ ѿRx  

ң ̔ 
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 21  

ԋ ѿ֓Ȃ ѿ └̆ ᶏ ԋ Ȃ 

4.2.5.7. Tx ℗ Tx  

 

 22  

4.2.6. ꜚ  

SX1276/77/78 ꜚ └ ҉ ̂ ꜚ └AGC̃

̂ ꜚ └AFC̃Ȃ ֓ ԍ ҩ Ȃ Ҋ

’Ҋ̆ ᴪ ꜚ └̔ 

É ԍ ꜚ Ȃ 

É Ҋ ᶏ RegRxConfig Ҭ RestartRxWithoutPllLock

RestartRxWithPllLock ᵝ Ȃ 

É ⌠ ‖ ӊ ̆ ꜚ Ȃ 

ԅ ῏ ꜚ ⱬ Ḥ ̆ 4.2.7 Ȃ 

21↓₮ԅSX1276/77/78 ꜚ Ȃ 

 24 ꜠  

Ԋᴆ ⱳ  AgcAutoOn AfcAutoOn 
RxTrigger 

(2:0) 

  0 0 000 

RssiҬ  
AGC 1 0 001 

AGC & AFC 1 1 001 

PreambleDetect 
AGC 1 0 110 

AGC & AFC 1 1 110 

RssiҬ

&PreambleDetect 

AGC 1 0 111 

AGC & AFC 1 1 111 

 

AgcAutoOn=0 ̆ RegLnaҬ LnaGainᵝ ꜚ LNA ṿȂ 

4.2.7.  
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Ҋ ᴪ ׃ Ȃ ‰̆ Ҍ ԍᾢ╠

Ḥ ׆̆ AGC AFC ᵀ̆ Ȃ 

4.2.7.1. Ҋ  

Ҋ̆ ̆ ῐ ѿ ̆ ᶏ Timeout

Ҭ ‗ , Ȃ ң Ȃ 

É A̔FC῏ ̆ғ פ ₮╠Frf SPI ᴋ

ᵥ ̔ RegRxConfigҬRestartRxWithoutPllLockᵝ ҹ1Ȃ 

É ̔ ꜚAFĈAfcAutoOn=1̃̆ғ/ Frf ѿҩ

Rx ῤ ̔ RegRxConfigҬRestartRxWithPllLockᵝ ҹ1Ȃ 

̔ModeReady 1̆ RestartRx  Ȃפ

4.2.7.2. ⌠ ꜚ  

⌠ѿҩ ̆ RegSyncConfigҬ AutoRestartRxMode ᵝ └

SX1276/77/78 ꜚ Ȃ 

É AutoRestartRxMode = 00̆ ⱳ ῏ ̆ ⌠ ꜚ

̂ 4.2.7.1 ̃Ȃ 

É AutoRestartRxMode = 01̆ PayloadReadyҬ FIFŎ ᴪ

InterPacketRxDelay ꜚ ᾛץ̆ ׆̆ ᾧ҉ѿҩ

óô҉₮ RSSI Ȃ 

É AutoRestartRxMode = 10̆ғ ҉ Ҋѿҩ ̂ ӊ̆Frf

⌠҉ѿҩ ̃̆↕ ᶏ ѿ Ȃҹ PLL ҉̆

ⱴ Ȃ 

4.2.7.3. ⌠ ‖ ꜚ  

SX1276/77/78 Ҋ ⌠ ‖ Ȃ ⌠ Ḥ

̆RSSIᴪ ⌠ ‖ Ȃ ѿⱳ ץ ԍ ҩ ꜚ׆ ҍ ҩ ѿ

Һ Ḥ ҬȂ 

RestartRxOnCollisionᵝ ҹ1̆ץ ꜚ ‖ Ȃ 

ԍ RSSI ‗ Ȃ ᶏ RegRxConfigҬ

RssiCollisionThreshold̆ 1dBץ Ȃ 

4.2.8.  

‗ԍҌ , ’ ̆ ұ ᾢ ↓
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ᵬ Ȃҹ ӈҌ ↓ ̆ ᶏ ѿ ҹ ̂ ̃

ץ ꜚ └ Ȃ 

̔ ⱳ FSK/OOK Ҋ Ȃ 

̂Ӟ ҹľ∆ Ŀ̃Ҋ̆ RegSeqConfig1ҬSequencerStart

ᵝ ṿ ҹ1 Ȃ 

Ӟ RegSeqConfig1ҬStopᵝ ṿ ҹ1 └῏ Ȃ 

̔ Ҍ SequencerStartᵝ Stopᵝ ṿȂ 

4.2.8.1.  

Ҋ ̆Ṣꜛԍѿ Ҭ ̂T1 T2̃̆ └ Ҋ

’Ȃ 

 25  

  

SequencerOff  Ȃ SequencerStart פ ꜚ Ȃ 

LowPowerSelection׆ ℗ ⌠῏ ̆ ᴪ῏ ̆

Ӟᴪ ҹ∆ ̂ ̃Ȃ 

 RegSeqConfig1ҬIdleMode ӈ̆ ᵞⱳ ̂

̃Ҋ Ȃ T1Ҭ Ȃ 

 ҬȂ 

 ҬȂ 

PacketReceived  Ҭ ғ ⌠ѿҩ Ȃ Ữ FIFO

ҬȂ 

LowPowerSelection  ᵞⱳ ̂SequencerOff ̃Ȃ 

RxTimeout  RxTimeoutҬ Ȃ 

RxTimeoutҬ ץ TimeoutRxRssiȁTimeoutRxPreamble

TimeoutSignalSyncҬ Ȃ 

4.2.8.2.  

Ҋ ↓₮ԅ ӊ Ȃ 

 26  

  

IdleMode 

̔ 

0̔  

1̔  

FromStart 

Ҋ SequencerStartᵝ ṿ ҹ1 ̆ └

̔ 

00̔ LowPowerSelection  

01̔  
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10̔  

11̔ FifoThresholdҬ  

LowPowerSelection 

LowPowerSelection LowPower Ȃ 

0̔SequencerOff ̆ ԍ∆  

1̔ ̆ IdleMode ‗ ԍ

 

̔∆ ꜚ LowPower Ȃ 

FromIdle 

T1Ҭ ̆ └ ׆ ̔ 

0̔  

1̔  

FromTransmit 

└ ׆ ̔ 

0̔ PacketSentҬ LowPowerSelection  

1̔ PacketSentҬ  

FromReceive 

└ ׆ ̔ 

000 111̔ ᶏ  

001̔ PayloadReadyҬ PacketReceived  

010̔ PayloadReadyҬ LowPowerSelection

 

011̔ CrcOkҬ PacketReceived Ȃ CRC

̂ ̆CRC ᵖCrcAutoClearOn῏ ̃̆

PayloadReadyҬ ꜚ ῀RxTimeout Ȃ 

100̔ RssiҬ SequencerOff  

101̔ SyncAddressҬ SequencerOff  

110̔ PreambleDetectҬ SequencerOff  

ҹᵥṿ̆ T2Ҭ LowPowerSelection Ȃ 

FromRxTimeout 

RxTimeoutҬ ̂ FromReceive=011 ↕̆ҹPayloadReady

Ҭ ̃̆ └ ׆ ̔ 

00̔ ReceiveRestart  

01̔  

10̔ LowPowerSelection  

11̔ SequencerOff  

̔RxTimeoutҬ TimeoutRxRssiȁTimeoutRxPreamble 

TimeoutSignalSyncҬ Ȃ 

FromPacketReceived 

└ PacketReceived׆ ̔ 

000̔ ҹSequencerOff  

001̔ FifoEmptyҬ  

010̔ LowPowerSelection  

011̔ ̆ FS  

100̔ ̂ ̃ 

 

4.2.8.3.  

ңҩ ̂ 1 2̃ ԍ ↓Ȃ ֓ ԍ֟ Ҭ Ḃץ
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Ȃ 

T2Ҭ SequencerStart פ ֟ T1Ҭ ̂Timer1Resolution x Timer1Coefficient Ȃ̃ 

T1Ҭ ֟ T2Ҭ ̂Timer2Resolution x Timer2Coefficient̃Ȃ 

ᵬ Ҋ Ȃ 

 

 23 1 2 ᵲ  

̔ ↓ ҍ ԑ Ȃ ̆ ңҩ

Ȃ 

 27  

  

Timer1Resolution 1№  

00̔῏  

01̔64us 

10̔4.1ms 

11̔262ms 

Timer2Resolution  2№  

00̔῏  

01̔64us 

10̔4.1ms 

11̔262ms 

Timer1Coefficient 1Ṑ  

Timer2Coefficient 2Ṑ  

 

4.2.8.4.  

Ҋ ԅ ӊ ᴋᵥ Ȃ ץ ₮ Ȃΐᵣ

Ȃ ҉ ԅ ᴆȂҹḂԍ ̆ ҍῒ ▫

Ȃ 

ץ ₮ ̆₮ Ȃᴋᵥ Ṝ̆ RegSeqConfig1ҬStop

ᵝ ṿ ҹ1̆ └῏ Ȃ 
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 24  

4.2.9. FSK/OOK Ҋ  

4.2.9.1.  

Ҋ ҹSX1276/77/78 Ȃ ᵬ └ / ҍ ῀

̂SPI DIO ̃ӊ ֜ԑ̆ └ Ȃ 

Ҋ Ҭ ҩ └ Ȃ 
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 25 SX1276/77/78  

SX1276/77/78 ᵬ ̆ ᵬ Ҋ Ȃ

ᶭ ᵬ ̆ ֓ └ ꜚ ̆ῒז ↕ ῏ Ȃ 

4.2.9.2. ᵬ  

SX1276/77/78 ᶫң Ҍ ᵬ ᶫ ̔ 

É ̔ DIO2/DATA ҩᵝȂ ⱬ ̆

ᶏ Ȃ 

É ̂ ̃̔ ᶫ/ /₮FIFO ᴆ Ȃ ╠

ȁ ҍ CRC ꜚ Ȃ ↕

ᵬȂ ̆ҍ ̆ ҊuC ⁞ Ȃ

̂CRC ̃̆ └ҹ255,2047 └Ȃ 

Ҋ ң ᵬ ԅ Ȃ 

4.2.10. FIFO 

ᵝ  

Ҋ̆ Ḡ ѿҩ FIFO(ᾢ ᾢ₮)

ῤ̆ SPI , ғ ᶫ ԍ Ҭ Ȃ 

FIFO ҹ1 ̆ ̂ ̃ ᵬ̆ ұץ Ȃ

’Ҋ̆ ᶏ ᵝ ң ӊ ֜ԑȂ Ҋ̆ ᵝ FIFO׆

Ҭ ұץ ̂ ᵝᴨᾢ̃ץ ₮⌠ └ Ȃ ̆

Rx Ҋ̆ ᵝ ׆ ӊΏ῀FIFOȂҊ ԅ

ѿ Ȃ 
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 26 FIFO ᵣ  

׆̂̔ Txӊ ᴋᵥ ̃℗ ҹ ̆FIFO ModeReady ᵝ

’Ҋᶏ Ȃ 

FIFO ҹ64 Ȃ 

Ҭ ҍ  

É FifoEmpty̔ 0ҹ ṿ̂ ҩFIFOҹ ̃ ̆FifoEmptyҬ ҹ ̆ῒז ’Ҋ

↕ҹᵞȂ ̆ FIFOҬ׆ ̆FifoEmpty NSSҊ ⌠ ̆

FifoEmpty ҹᵞ ̆ ╠ ᵬȂ ӊ̆ ҩ

ᵬץ‗ Ҋѿ ᵬ ̆ FifoEmpty ̂FifoEmpty = 0̔

̕FifoEmpty = 1̔ ̃Ȃ 

É FifoFull̔ ѿҩFIFO ̂ ҩFIFOҹ ̃ ̆FifoFullҬ ̆ῒז

’Ҋ↕ҹᵞȂ 

É FifoOverrunFlag̔ FIFO , ̂ Tx Ҋ̃ SR̂ Rx Ҋ̃

Ῥ FIFOΏ῀ѿҩ ̆FifoOverrunFlagҬ Ȃ , ₮ ҡ ̆ғ

Ώ῀ѿҩ1 ̆ ̆FIFOӞᴪ Ȃ 

É PacketSent̔ SR ѿҩᵝ ₮ ̆PacketSentҬ Ȃ 

É FifoLevel̔ RegFifoThreshҬ FifoThreshold ṿȂῒ ҹ Ҋ Ȃ 
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 27 FifoLevel IRQ ҿ 

̔ FIFO Ώ ᵬ F̆ifoLevelҬ ᴪ Ȃ ֽ̆ ֽ FifoThreshold

ṿ̆ Ҍ Ҭ ꜚ Ȃ 

Ҍ FifoFull F̆ifoLevelҬ ᴪѿ Ȃѿҩ FIFO ῒ ᵬȂ 

FIFO  

Ҋ ↓₮ԅ Ҍ ӊ FIFO Ȃ 

 28 Ғ Ӑ FIFO  

℗ ׆  FIFO   

  Ҍ   

  Ҍ   

/

 
Tx Ҍ  

ᾛ ԍTxӊ╠ /

ҊΏ῀FIFO 

/

 
Rx   

Rx Tx   

Rx /  Ҍ  
ᾛ ԍRxӊ /

Ҋ FIFO 

Tx ᴋ    

 

4.2.10.1. ≢ 

 

RegSyncConfigҬSyncOn ≢̂Ӟ ҹľ ≢Ŀ̃Ȃ

Ҋ ᵝ ̂ Ҋ ꜚ ̃Ȃ 
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ᵌԍ ᵝ Ҍ̆ ᴰ῀ ҍῤ ̆ ⌠

֟ SyncAddressMatchҬ Ȃΐᵣ 28Ȃ 

 

 28 ⌡ 

Ҭ̆ ⌠ ѿҩᵝҍRegSyncValue1 7ᵝ̂ ᵝ̃

̆ ⌠ ѿҩᵝҍ ѿҩ 0ᵝ̂ ᵞ ᵝ̃ ̆ ѿҩ

‗ Ȃ 

⌠ ̆ Ẋ ҩᴰ῀ ԍ ̆ Ȃ 

Rx FIFO ̆SyncAddressMatch Ȃ 

 

É ̔ RegSyncConfigҬ SyncSize ҹ1⌠8 ̂ 8⌠64

̃Ȃ Ҋ̆ Ӟ ԍTx Ȃ 

É ṿ̔ SyncValue(63:0)Ҭ ṿȂ Ҋ̆ Ӟ ԍTx

Ȃ 

̔ SyncValueҌ 0x00 Ȃ 

 

Ҋᶏ Ȃ 4.2.13 ԅῒⱳ Ȃ 

└ 

└ Ҭ ̆ └ ҩ ҹȂ 

4.2.11. IO  

SX1276/77/78҉ Έҩ IO ̆ ױ Ҋ

RegDioMapping1 RegDioMapping2 └Ȃ 

 29 Ґ DIO  
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 30 Ґ DIO  

 

4.2.12.  

4.2.12.1.  

29 ̆ Ҋ̆ ⌠ DIO2/DATA ҉ uC ׆̂ ̃

( └ ) ̂NRZ̃ ȂFIFO ԍ Ȃ 
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 29  

4.2.12.2. Tx  

Tx Ҋ̆DIO1/DCLK ҉ᴪ ₮ᶫ uCᶏ Ȃ ԅ

̆ 30Ȃ DCLK ҉ DATA ᶏ̆uC /Ḡ

Ȃ 

 

 30 Ґ Tx  

̔ ꜚ └ ̆ ᶏ DCLKȂ 

4.2.12.3. Rx Processing 

4.2.12.3. Rx  

ᵝ ῏ ̆ ₮ DATA ҉ ̆ᵖ DCLKḤ Ȃ 

̆ ꜚᵝ ̆ №≢ DIO2/DATA DIO1/DCLK ҉ᶏ

Ȃ DCLK ҉ DATA ̆ Ҋ DATA Ȃΐᵣ Ҋ Ȃ 
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 31 Ґ Rx  

̔ Ҋ̆ ꜚᵝ ‪ץ DATĂ ᶏuC ᶏ DCLKḤ ̂ᵝ

Ҋ ꜚ ꜚ̃Ȃ 

4.2.13.  

4.2.13.1.  

Ҋ̆uCҌ ׆̂ ̃ ̂ └ ̃ NRZ ̆ᵖNRZ

Ḡ FIFOῤ̆ SPI Ȃ 

S̆X1276/77/78 ԍ ᴋⱵ̆ ╠ ȁ

CRC / ȁ / ȁ / ȁ Ȃ RF ҉

ᴋⱵ ᴆ ⁞ uC Ȃ 

ѿҩ / Ҋΐ FIFO ⱬ̆׆ Ḡ ᴨⱳ

ᴆ Ȃ 

 

 32 Ґ  

̔ᵝ Ҋ ꜚ ꜚȂ 
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4.2.13.2.  

 

ᵝPacketFormat ṿ ҹ0ғPayloadLengthṿ ԍ0 ̆ ҹ Ȃ 

ҹ ╠ Ҭ̆ ᵬ ᴪᶏRF ̂ ̃

Ȃ ṿ̆ Txȁ Rx Tx/Rx

Ȃ 

ҹ2047 Ȃ 

PayloadLengthҬ Ώ ҍ ῏Ȃ Ҋ̆

ѿҩ ̆ Ȃ 

Ҋ Ȃῒ Ҋץ ̔ 

É ╠ ̂1010...̃ 

É ̂ ID̃ 

É ̂ ID̃ 

É  

É 2 CRC  

 

 33  

 

ᵝPacketFormat ṿ ҹ1 ̆ ҹ Ȃ 

Ԋᾢ ғ Ҭ̆ ץ Ȃӊ

ҩ Ḥ ѿ ₮ ׆̆ Ḡ Ȃ 
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ѿ Ҋ̆ FIFO ѿҩ ₮̆ └ 255

ҊȂץ ̆ Ҍ ṿӊῤȂ ѿ Ҋ̆

ңҩ ̆ + Ȃ 

Ҋ Ȃῒ Ҋץ ̔ 

É ╠ ̂1010...̃ 

É ̂ ID̃ 

É  

É ̂ ID̃ 

É  

É 2 CRC  

 

 34  

 

ᵝPacketFormat ṿ ҹ0ғPayloadLength ҹ0 ̆ ҹ Ȃӊ

ץ ᴋ ̆PayloadLength Ҍᴪ ԍTx/Rx Ҋ

/ ⌠ Ȃ 

Tx Ҋ̆ ᴰ ᵝTxStartCondition‗ Ȃ Rx Ҋ̆ ҹ

0 ̂SyncOn = 0̃̆ ȁ ץ Ҍ Ȃ

Ҋ̆ ӞҌ Rx CRC ̆ᵖTx CRC Ȃ

̆CrcOk & PayloadReady Ҭ Ҍ Ȃ 

Ҋ Ȃῒ Ҋץ ̔ 

É ╠ ̂1010...̃ 

É ̂ ID̃ 
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É ̂ ID̃ 

É  

É 2 CRC ֽ̂Tx̃ 

 

 35  

4.2.13.3. Tx  

Tx Ҋ̆ FIFOҬ Ҋץ ᵬ׆ ꜚץ ⇔  ̔

É ⱴѿҩ ╠  

É ⱴѿҩ  

É ץ ̂ + + ̃ CRC̆ 2ץ

ҹ  

É ̂ ̃ 

FIFOҬ ᶫ ̂ ̃Ȃ 

Tx Ҋ ғ ԅTxStartCondition ӈ ᴰ ᴆ ̆ ᴪ

ᴰ Ȃ ᴰ ᴆ̆ ᴆ

ѿҩ╠ ↓Ȃ ’ ╠ Ҍҹ0 ᴪ ̕ ↕̆ ᴪ

ѿҩ0 1̆ ⌠ ᴰ ᴆȂ 

ᴰ ᴆ ӈ Ҋ̔ 

É TxStartCondition = 1̆ ⌠ ѿҩ Ώ῀FIFO ̆ ╠

ץ Ȃ 

É TxStartCondition = 0̆ ⌠Ώ῀FIFO ԍRegFifoThresh ӈ

+1ӊ ̆ Ȃ 

É ᴰ ᴆ̆ ғ / Ҋ ΏԅFIFŎ ᴪ

ꜚTx Ȃ 
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4.2.13.4. Rx  

Rx Ҋ̆ Ҋץ ᵬ  (payload) ⌠FIFO̔ 

É ╠ ӊ−  

É ӊ−  

É  

É  

É CRC CrcOk҉  

̂ ̃ ᴪ Ώ⌠FIFOҬȂ 

Rx ̆ ╠ Ȃ ԅ ̆↕

⌠ PayloadLengthṿ‗ Ȃ 

Ҋ̆ ӊ ⌠ ѿҩ ҹ ⌠ Ȃῤ

∆ ҹ ⌠ ѿ Ȃҹ PayloadLength ṿ ԍ ⌠

Ȃ ⌠ ԍ PayloadLengthҬḠ ̆

↕ ҡ Ȃ ↕̆ᴪ ⌠ Ȃ 

ꜚ ↕̆ ’Ҋ ⌠ ԋҩ ץ ’Ҋ ⌠

ѿҩ Ȃ ҍNodeAddress Ҭ ̆ ᴪ

̆ Ҍ ̆ Ả Ȃ CrcOn = 1̆ ᴪ CRC ̕ CRC ⱳ̆

↕ᴪ CrcOkҬ Ȃ ᾟ⌠FIFOҬӊ D̆IO0҉Ӟᴪ Ҭ ̂PayloadReady

Ҭ ̃ȂFIFOҬ / ҊӞ ץ Ȃ 

CRC ̆↕Ҍᴪ PayloadReadyҬ ̆ FIFOӞ Ȃ

CrcAutoClearOff=1 ץ ⱳ ̆ ̆ ᶏCRC Ӟ ץ └Ḡ PayloadReady

Ҭ FIFOҬ Ȃ 

4.2.13.5.  

ȁ ̆ Tx Ҋ PacketSent Rx Ҋ

PayloadReady CrcOkӊ ̆ PayloadLengthṿ FIFO ̂64 ̃ ̆ ץ

Ҋ ᶏ FIFOҬ / ̔ 

É Tx ̔ 

FIFO ץ / Ώ ̆ᵖᵩҊ TXᴰ Ҭ Ώ⌠FIFOҬȂ 

1̃ ΏFIFÔ ᾢ / Ҋ Tx Ҋ̃̆ FifoThreshold

FifoFull ᵝȂ 
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2̃ TxҬ̆ FifoThreshold FifoEmpty ᵝ̂ FIFO₃Ӎҹ ̃Ȃ 

3̃ Ώ῀FIFŎ FifoThreshold FifoFull ᵝȂ 

4̃ 2̆ ҩ Ώ῀FIFÔ ѿᵝ P̆acketSent

ᵝ̃Ȃ 

É Rx ̔ 

FIFO Rx Ҭ Ḡ Ώ̆ץᾧ₮ FIFO ₮Ȃ 

1̃ FifoEmpty FifoThreshold ᵝ ̆↕ FIFOҬ׆ Ȃ 

2̃ FifoEmpty ╠ ᵝ̆↕ Ả FIFOҬ׆ Ȃ 

3̃ 1̆ PayloadReady CrcOk ᵝȂ 

4̃ Rx / Ҋ̆׆FIFOҬ ▼ᵩ Ȃ 

4.2.13.6.  

SX1276/77/78 ᶫ Ḡץ̆└ ᶫ uC̆

⁞ ԅ ⱳ ԅ ᴆ Ȃ 

ԍ  

/ ≢ ԍ ≢ ≢Ȃ ╠ ̆ ≢

RegSyncConfig RegSyncValue(i)Ҭ ̂ ȁṿ̃Ȃ Tx Ҋ̆ Ḥ ԍ

ⱴ ̆ Rx Ҋ Ȃ 

ҩ ⌠ Ҍ ץ ̆ ᴪ ꜚҡ ̆Ҍᴪ ᴋᵥҬ Ȃ 

⌠ ̆ ꜚ ̆ ֟ SyncAddressMatchҬ Ȃ 

̔ ṿҌᾛ 0x00 Ȃ 

ԍ  

AddressFiltering ꜚ ᵝ Ȃ ӊ҉ ⱴ ѿ ̂ ᾢ

̃̆ѿ ԍ ̂ ̃῍ ѿҩ IDғ ID̂ ̃

ҬȂ 

Ҋңץ ԍ ̔ 

É AddressFiltering=01̔ ⌠ ҍῤ NodeAddressȂ ң

̆ ᴪ ̆ ↕ ҡ Ȃ 
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É AddressFiltering=10 ̔ ⌠ ҍ ῤ NodeAddress

BroadcastAddressȂ ῒҬѿҩ ̆ ⌠ ᴪ ̆ ↕

ҡ Ȃ ԍ Ȃ 

̆ ⌠ ̂ᵬҹ ѿ №ῤ ̃ ׆ Ҭ− ̆ғ FIFOҬ

Ȃ ̆NodeAddress AddressFilteringֽ ԍRxȂ Tx Ҭ̆

̆ Ἕ ῒ ᴋᵥ ѿ ῀FIFOȂ 

̆ ңҩץ ῍֣ Ҭ SyncAddressMatchȂ 

ԍ  

Ҋ̆PayloadLength ҹᾛ Ȃ ⌠

ԍ ṿ̆ ᴪ ̆ ↕ ҡ Ȃ 

̆ ⌠ ̂ᵬҹ ѿ №ῤ ̃ ׆ Ҭ− ̆ғ FIFOҬ

Ȃ 

῏ ⱳ ̆ PayloadLengthṿ ҹ2047Ȃ 

ԍCRC 

RegPacketConfig1Ҭ ᵝCrcOn CRC Ȃ ѿⱳ ԍ

Ȃ 

É Tx Ҭ̆ № ₮ѿҩң CRC ̆ ῒ

№Ȃ 

É Rx Ҭ̆ ⌠ ₮ѿҩ ̆ ῒҍ ⌠ ңҩ

Ȃ Ḡ ᵝCrcOkҬȂ 

’Ҋ̆ CRC ̆↕FIFO ꜚ ̆Ҍᴪ֟ ᴋᵥҬ Ȃ ѿ ⱳ

ᵝ CrcAutoClearOff ᵝ ῏ ̆ ’Ҋ̆ ᶏCRC ̆FIFOӞҌᴪ ̆

PayloadReadyҬ ᴪ Ȃ ̆ ң ’Ҋ̆ңҩCRC ᴪ

− ̆ FIFOҬȂ ᵝCrcWhiteningType ң CRC Ȃ 

 31 CRC  

Crc  CrcWhiteningType  ṿ ῃ 

CCITT 0̂ ṿ̃ X
16 

+ X
12

 + X
5
 + 1 0x1D0F  

IBM 1 X
16

 + X
15

 + X
2
 + 1 0xFFFF  

 

7 Ҭ ԅ CRC Cף Ȃ 

4.2.13.7. └ 
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ұ 1 0 ̆ Ḥ Ҭ ῀ Ẓ Ȃ ̆֟

Ḥ ҉ ⱳ № Ҍ Ȃ ҬӞᴪ ῀

ᶭ Ȃ ̆ ᴰ ғ ̆ ԍ Ȃ 

ҹ ̆ ΐ ң ̔ Ȃ 

̔ѿ ѿ Ȃ 

 

DcFree=01̆ / ғ Ҋᶏ Ȃ 

ñ1ò ñ10ò̆ ñ0ò ñ01ò̆ Ȃ 

’Ҋ̆ ҹ ̆ ҹ ԋ№

ӊѿȂ 

ֽֽ ԍ CRC ̆ ╠ ׅ Ḡ Ȃ

╠׆̆ ⌠CRC ̆ғ RegBitRateҬ BitRate ̂

= =2 x ̃Ȃ 

̆ ׅҹFIFO ᶫ FIFOҬ׆ ̆ / Ȃ 

 

 36 /  

 

ѿ ᵬ ԍ ᴰ ╠ ⱴ ( )Ȃ Tx

Ҋ̆ ↓ ̆ Rx Ҋ̆ᶏ ↓ Ȃҍ

̆ Ḡץ ᴨ̆ל Ḡץ

Ҍᴪ⁞ Ȃ 

DcFree=10 ↕̆ᴪ ꜚ / Ȃ ѿҩ9ᵝ ᵝ ̂LFSR̃

ѿҩ ↓Ȃӊ ̆ 2 CRC ҍ ҩ ↓ ̆ΐᵣ

Ȃ ҍ ↓ ̆ ѿ Ȃ 

̆ ׅҹFIFO ᶫ FIFOҬ׆ ̆ / Ȃ 
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 37  

4.2.13.8. Ḥ Tx  

ѿ֓ Ҭ̆ѿ ̂Ӟ ҹḤ ̃ Ȃ

Ḥ Tx Ҋ̆Ҍ ץ ᾟFIFO ץ ᴰ Ȃ 

RegPacketConfig2Ҭ BeaconOn ҹ1 F̆IFO ץ Ҋ

ѿ ᾟ Ȃ ѿ ̆FifoEmpty ᴪἝ ѿ ̆ᵖFIFO ῤ ᴪ

₮ Ȃ FifoEmptyȁFifoFull FifoLevel Ӟᴪ Ȃ 

ѿ ֽ Ҋғ ԍFIFO Ȃ ̂Tx- -Tx....̃

└ └ Ӟ̆ Ҭ ꜚ └Ȃΐᵣ 4.2.13.8 ᶛȂ 

BeaconOn ṿ ҹ0 ̆ ₮Ḥ Tx ȂFifoOverrun ҹ1 ̆FIFO Ȃ 

4.2.14. io-homecontrolЮῚ  

SX1276/77/78 ԅio-homecontrol®Ὶ Ȃ ԅ ΐᵣ Ḥ ̆

ף Ȃ 

4.3. SPI  

ҍ / ҬCPOL=0 CPHA=0 ῃ SPI׆

Ȃֽ ׆ (slave) Ȃ 

҈ ̔ 

É Ώ̔ ӊ ̆ ӊ

ȂNSS ᵞ̆ ѿҩ Ȃ 

É ̔ ӊ ҩ Ȃ ꜚῤ Ȃ

ѿ Ώ ȂNSS ᵞ

ѿ Ḡ ᵞᵝֽ̆ ѿҩ ᴰ Ȃ 

É FIFO ̔ ҍFIFO ѿ ̆ FIFOȂ ѿ
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Ҍᴪ ꜚ ̆ᵖᴪ ᵟ̆ ӞҌ ӊ ȂNSS

ᵞ ѿ Ḡ ᵞᵝֽ̆ ѿҩ ᴰ Ȃ 

Ҋ ԅ ῖ SPI Ȃ 

 

 38 SPI Ѓ Є 

MOSI SCKҊ Һ ̆ SCK҉ ׆ ̂ SPI ̃ ȂMISO

SCKҊ ׆ Ȃ 

ᴰ ᵞ NSS ꜚȂ NSS ̆MISO Ȃ 

ѿҩ ҹ ̆ ̔ 

É ѿҩwnrᵝ̆Ώ ҹ1̆ ҹ0̕ 

É 7ҩᵝ̆ ᾢҹ ᵝȂ 

Ώ Ҭ MOSI Һ ԋҩ Ҭ MISO Һ ԋҩ

Ȃ ᾢ ᵝȂ 

Ҭ MOSÎ Ώ ̃ MISÔ ̃ ̆ NSS҉ ̆

Ӟ Ȃ FIFO Ҋ̆ ҹ FIFO ̆ ֓ FIFO

Ҭ Ώ/ Ȃ Ҋ̆ Ҍ FIFO ̆ ⌠ѿҩ

ꜚ Ȃ 

NSS ̆ ȂҊѿ ѿҩץ Ȃ ̆ FIFO/

ѿҩ ѿ ’Ȃ 

Ώ Ҭ̆MISO Ҭ ׆ ᴰ ⌠Һ ҹΏ ᵬ╠ Ώ῀ ṿȂ 
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5. SX1276/77/78 ҍ ╠  

5.1.  

SX1276/77/78 ҩ ᵬ ᵬ ῤ ῤ Ḡץ̆└

ᴆ Ȃ 1.8V-3.7V ῤ, +17dBm ₮ⱳ Ḡ ץ̆ Ḡ 2.4V-3.7V

+20dBm ₮ⱳ Ḡ . 

SX1276/77/78 ץ VBAT_ANAȁVBAT_RF VBAT_DIG ᴋᵥᵞ׆

Ȃ ׃ ΐᵣ Ҭ ̆ VR_PAȁVR_DIG

VR_ANA Ḡץ̆ ῤ Ȃ 

5.2. γ  

ᵞ Ḃץ̆ ᵞԍ ṿ Ҭ Ḥ Ȃ ץ

RegLowBat ṿȂ RegDioMapping ץ Ҭ Ḥ ⌠ᴋᵥDIO Ȃ 

5.3.  

5.3.1. ᵣ  

ᵣ SX1276/77/78 Һ Ȃ ץ ᵬPLL

Ḥ Ȃ ᵣ ꜚ ̂TS_OSC̃ ‗ԍ ᵣ

Ȃ῏ԍ ᵣ ̆ 7.1 Ȃ ᵣ XTA XTB ҍ

ȂSX1276/77/78 ꜚ ᴨ Ḥ ꜚ PLLȂ 

̆Ӟ ᶏץ ף ᵣ Ȃ ѿ ’Ҋ̆ Ҥ

ễ ᵣ ̂TXCÕ ᾟ Ȃ ᶏ ̆ RegTcxo TcxoInputOn

ᵝ ҹ1̆ғ ҍXTA ̂ 5̃ ȂXTB ̂ 6̃ Ḡ

Ȃ 

῀Ḥ ṿҌ 1.8VȂ ῏ ̂CD̃ ṿ̆ TCXO

ᶫ Ȃ 

 

 39 TCXO  

5.3.2. CLKOUT ₮ 
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ḱ RegDioMapping2Ҭ ClkOutᵝ̆ ץ DIO5 ̂ 13̃҉

№ ȂCLKOUT ₮ ңҩῖ ̆ ̔ 

É ҹ῏ ᶫ ׆̆₮ Ҍ Ῥ ⱴ ץ̆ ȂCLKOUT

ץ ӊ Ҋᶏ ̆ ғ ҉ ᵝ ᴪ ꜚȂ 

É ᶫ ₮ȂCLKOUTḤ ᾛ ᴆ ∆ ᵣ Ȃ 

̔ҹ ⁞ SX1276/77/78 ̆ Ⱶ ᶏ ῏ CLKOUTḤ Ȃ 

5.3.3. PLL 

SX1276/77/78 ԍңҩ₃Ӎѿ ѿ № N PLL̆ ңҩPLLץ ᵣ

ᵬҹ ȂңҩPLL ̆ 4ҩ Ҭ̆ῒҬ

ѿҩ ץ Ȃ 

SX1276/77/78 PLL 19 sigma-delta └ ̆ └ № ҩ

ῤḠ ̆ῒ Ὲ Ҋ̔ 

 

ץ RegFrf ̆ 0x06⌠0x08 ҩ ̔ 

 

F̔rf ҈ҩ ȂҬ ֽ Ώ῀RegFrfLsb ᵞ ððFrfLsb

Ȃ ץ ᵞ M└ Ȃ

Ҭ └ ̆ ץ ҉ ⱳ Ȃҹ ̆ RegPllHop FastHopOn

ᵝȂ 

҈ ̆ Ҋ ̔ 

 32  

 └ ֟  

1̂HF̃ 820-1020 MHz SX1276/77 

2̂LF̃ 410-525 MHz SX1276/77/78 

3̂LF̃ 137-175 MHz SX1276/77/78 

 

5.3.4. RC  

ᵞⱳ Ҋ̆ ᵬῃ ᶭ ԍῤ ᵞⱳ RC Ȃ

ᴆ҉ ᴪ ꜚ ‰̆  Ȃ῀׃
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5.4.  

SX1276/77/78 ȁ └ ̂LoRa
TM

FSK/OOK └ ̃ȁⱳ

--- VR_PA Ẓ ҍ Ȃ 

5.4.1.  

╠ Ҋ ̔ 

 

 40 ╦ ԋῪ PA  

5.4.2. ⱳ  

҉ Ҭ̆PA_HF PA_LFҹ ̆ ױ 1dBӊῤ̂4-׆ dBm

+14dBm̃ ⱳ ץ ᵞ ₮ 50 ȂPA_LF ᵞ

̂525MHzץҊ ̃̆ PA_HF↕ ̂860MHz҉ץ ̃Ȃ

₮ⱳ ̆ῖ 3.3VҊ Ȃ 

PA_HP̂ ⱳ ̃ҍPA_BOOST ғ Ȃ ᵬ

ⱳ ⌠+17dBm̆ ᵬⱳ ץ ⌠+20dBmȂ῏ԍῒ +20dBmⱳ ᴆҊ

ΐᵣ ’̆ 5.4.3. Ȃ 

 33 ꜗ ẅ  

PaSelect  ⱳ  ₮ⱳ Ὲ  
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0 
PA_HF PA_LFԍ

RFO_HF RFO_LF  

-4dBm

+15dBm 

Pout=Pmax-(15-OutputPower) 

Pmax=10.8+0.6 x MaxPower 

[dBm] 

1 
PA_HPԍPA_BOOST

̆ᴋᵥ  

-2dBm

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

 

̔- ῏ԍ +20dBmⱳ ᴆҊ ᵬ └̆ Ҋῤץ Ȃ 

- ҹḠ ⱳ Ҋ ̆ OcpTrim̆ Ḡ

Ȃ 

- PA_BOOST ᶏ ̆↕ ץ ԍ Ȃ 

5.4.3. +20dBm ⱳ ᴆҊ ᵬ 

SX1276/77/78 PA_BOOST +20dBm ⱳ ̆ ῏ Ҋ̔ 

 34 ꜗ  

  ⱳ ṿ 
ṿ 

PA_HF/LF +17dBm 
 

RegPaDac 0x4d 0x87 0x84 
PA_HP Pmax ҹ

+20dBm 

 

̔- ᶏ PA_LF PA_HF ̆ ⱳ ῏ Ȃ 

- RegOcpҬ Ḡ └ ԍ ⱳ Ȃ 

+20dBm ⱳ ᴆҊ̆ ṿץ ᵬ └ 32 33Ȃ 

 35 +20 dBm ꜗ ᴌҐ ᵲ  

  ṿ ṿ ᵝ 

DC_20dBm +20dBm ₮ⱳ Ҋ  - 1 % 

VSWR_20dBm 
+20 dBm ₮ⱳ Ҋ̆

VSWR 
- 3:1 - 

 

 36 +20dBm ꜗ ᴌҐ ᵲ  

  ṿ ṿ ᵝ 

VDDop_20dBm +20dBm ₮ⱳ Ҋ  2.4 3.7 V 

 

‰ ᵬ ῤ̂-40°C +85°C ץ̃ +20dBmⱳ Ҋ̆ Ҍ 1%̆

ғ VSWRҹ3:1Ȃ῏ԍῒז ᵬ ᴆḤ ̆ ף Ȃ 

5.4.4. Ḡ  
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Ҍ≠ ᴆҊ̆ Ḡ ᴪḠ SX1276/77/78ⱳ ᾧ Ȃ

ԍ ṿ ҹ ̆ Ḡ ץ № ⌠

̆ ₮ Ҍ≠ PA ץ̆ ᶏ Ȃ ṿ RegOcpҬ

OcpTrimᵝ └̆ῒ Ὲ Ҋ̔ 

 37 Ḧ  

OcpTrim IMAX ImaxῈ  

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

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

 mA 240 mA 240 ҉ץ27

 

̔Imaxֽ ԅⱳ ⱳ └̆ SX1276/77/78 ⱳ ԍ

Imax+IFSȂ 

5.5.  

5.5.1.  

SX1276/77/78 ̆ LNA ӊ ᴪ Ȃ

ԅLoRa
TM └ ӊ ̆γ IF ASKȁOOKȁ(G)FSK (G)MSK └Ḥ Ȃ

ȁ ȁ └ȁ ץ ̆ ҹ

Ȃ ꜚ ׆̆‰ ԅRSSI Ἕ └Ȃ 

5.5.2.  

ᵬ Ҋ̆ ӈԅⱳ ң Ȃѿ ԅ ⌠ ᵬ ∆

̆ ῀ľ Ŀ Ȃ Ҋ̆ ӈ ╠

RSSI ‰ ץ ӊ ̆ ┴ ľ͂ Ŀ Ȃ ñ ò Ҋ̆

Ḥ Ȃ῏ԍSX1276/77/78 ⱳ

̆ Ύ 4 Ȃ 

5.5.3. FSK/OOK Ҋ ꜚ └ 

ΐ AGC ̆ ץ ꜚ ῤ ῀Ḥ ׆-- ⌠0dBm

0dBm̆҉ץ Ḡ ȂҊ ԅSX1276/77/78 LNA ῖ NF

IIP3 Ȃ 

 38 LNA ┼ғ  
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5.5.4. FSK/OOK Ҋ RSSI 

RSSI ԍ ῀ Ḥ ⱳ ̆ ῤ ȂRssiValue ԅ

Ḥ ⱳ Ȃ ṿҹ ṿ̆ץdBmҹ ᵝ̆№ ҹ0.5dBȂץҊῈ ᵣ ԅ ṿҍ

῀ ῀Ḥ ӊ ῏ ̔ 

 

ץ RssiOffset RSSIṿ ễ ׆̆ LNA ῤȂ

ễṿ 1dBҹץ׆ץ -16dB +15dBӊ Ȃ RSSIṿ ễӊ ̆

Ḥ Ҋ̔ 

 

RSSI ṿ̆ ₮ RSSIṿ̆ ӈȂRSSIṿ ҍᶏ

RSSI ῏ȂRssiSmoothing RSSI ṿ ̆ 2ץ256̂⌠2׆

Ȃ̃ Ḥ ҹ10dB ’Ҋ̆ RssiSmoothingҬ Ҍ RSSI ṿ ̆

36 ₮ԅ ᵀ RSSI Ȃ 

 39 RssiSmoothing  

 



  SX1276/77/78 

&J  ῳ 

ḱ 1̆2013 9  

© 2013 Semtech Corporation 85  www.semtech.com 

Ἕ RSSI ‰ ꜚ ̆ RSSI ‰Ȃ 

5.5.5. LoRa
TM Ҋ RSSI 

LoRa
TM └ RSSIṿҍFSK/OOK └ RSSIṿ Ҍ Ȃ ץ

ҊῈץ LoRa
TM └ ҉ RSSIṿȂ 

 

5.5.6. Ḥ  

Ḥ ԍ └ Ḥ ӊ ȂSX1276/77/78Ḥ ᵬ ѿҩ

16-tap ‖ (FIR) Ȃ ΐ └ᵬ ̆

Ҍᴪ Ḥ └ ̆ SX1276/77/78 ᵝ ᴪ

Ḥ └ ֟ └ᵬ Ȃ 

̔ҹ ‰̆ Ḥ Ҍ ңṐ̂ <2 x 

RxBw̃Ȃ 

RxBw RegRxBwҬ RxBwMant RxBwExp └̔ 

 

ᶏ 32MHz ’Ҋ ᶏץ Ҋץ Ҭ↓₮ Ḥ ̔ 

 40 RxBw  

RxBwMant 

̂ԋ └/ṿ̃ 

RxBwExp 

̂ └̃ 

RxBŵkHz̃ 

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 
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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 

ῒז   

 

5.5.7.  

ӊ ̆ Ȃ

̆ TempMonitorOff ҹ1 ᴪ῏ Ȃ Ữ RegTemp TempValue

ҬȂ ԍ ᴪ ̆ ҹ+/-10°C ȂҹԅḠ

̆ ‰ȂҊ ԅ ‰ Ȃ ̆

ף ̆ ׃ ΐᵣ Ȃ 

 

 41 ᴶ  

Ҭᶏ ᴰ ̆↕ Ҋץ ᵬ̔ 

É ᴆ ҹ ̆ ꜚ̕ 

É ᴆ ҹFSRx ̕ 

É TempMonitorOff ҹ0̂ ꜚᴰ ̃Ȃ PLL ̕ 

É 140 ̕ 
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É TempMonitorOff ҹ1̕ 

É ᴆ ⌠ ̕ 

É RegTemp ṿȂ 
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6.  

’ ̂FSK/OOK LoRa
TM ̃ ȂҊ ҩ

ᵝ ⱳ ԅ ̆ ԅң ᵬ Ҋ Ȃ 

6.1.  

 41  

 

 ᵝṿ 

̂POR

̃ 

ṿ 

̂FSK

̃ 

 

FSK/OOK

 
LoRa

TM
 FSK  LoRa

TM
 

0x00 RegFifo 0x00 FIFO /Ώ  

0x01 RegOpMode 0x01 &LoRa
TM

/FSK  

0x02 
RegBitrateMs

b 

unused 

0x1A ̆ ᵝ 

0x03 RegBitrateLsb 0x0B ̆ ᵞ ᵝ 

0x04 RegFdevMsb 0x00 Ẓ ̆ ᵝ 

0x05 RegFdevLsb 0x52 Ẓ ̆ ᵞ ᵝ 

0x06 RegFrfMsb 0x6C ̆ ᵝ 

0x07 RegFrfMid 0x80 ̆Ҭ ᵝ 

0x08 RegFrfLsb 0x00 ̆ ᵞ ᵝ 

0x09 RegPaConfig 0x4F PA ₮ⱳ └ 

0x0A RegPaRamp 0x09 
PA / ᵞ

PLL └ 

0x0B RegOcp 0x2B Ḡ └ 

0x0C RegLna 0x20 LNA  

0x0D RegRxConfig 
RegFifoAddr

Ptr 
0x08 0x00 

AFCȁAGCȁ

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 Ҍ  

RSSI ṿ

└ 
 

0x11 RegRssiValue 
RegIrqFlags

Mask 
Ҍ  Ҍ  

RSSIṿ̂

ᵝ̔dBm̃ 

IRQ

 

0x12 RegRxBw RegIrqFlags 0x15 0x00 
Ḥ

└ 
IRQ  

0x13 RegAfcBw 
RegRxNbByt

es 
0x0B Ҍ  

AFCḤ

 

⌠

 

0x14 RegOokPeak 
RegRxHeade

rCntValueMs
0x28 Ҍ  OOK  

⌠
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b 

0x15 RegOokAvg 
RegRxHeade

rCntValueLsb 
0x0C 

OOK

ṿ 

0x16 RegOokAvg 

RegRxPacke

tCntValueMs

b 

0x12 

Ҍ  

OOK

ṿ ⌠

 

0x17 Reserved17 
RegRxPacke

tCntValueLsb 
0x47 - 

0x18 Reserved18 
RegModemS

tat 
0x32 0x10 - 

LoRa
TM └

 

0x19 Reserved19 
RegPktSnrVa

lue 
0x3E Ҍ  - 

ѿҩ

Ḥ

ᵀṿ 

0x1A RegAfcFei 
RegPktRssiV

alue 
0x00 Ҍ  

AFC FEI

└ 

ѿҩ

RSSI 

0x1B RegAfcMsb 
RegRssiValu

e 
0x00 Ҍ  

AFC

ṿ 

RSSI 

0x1C RegAfcLsb 
RegHopChan

nel 
0x00 Ҍ  

FHSS Ḥ

 

0x1D RegFeiMsb 
RegModemC

onfig1 
0x00 0x72 

₮

ṿ 

└

1 

0x1E RegFeiLsb 
RegModemC

onfig2 
0x00 0x70 

└

2 

0x1F 
RegPreamble

Detect 

RegSymbTim

eoutLsb 
0x40 0x64 

╠   

 ṿ 

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 

LoRa
TM

 

0x23 RegRxDelay 
RegMaxPayl

oadLength 
0x00 0xFF 

Rx

 

LoRa
TM

ṿ 

0x24 RegOsc 
RegHopPerio

d 
0x05 0x00 

RC

ȁ

CLK-OUT

 

FHSS

 

0x25 
RegPreamble

Msb 

RegFifoRxBy

teAddr 
0x00 Ҍ  

╠ ȁ

ᵝ 

FIFOҬ

Ώ῀
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0x26 
RegPreamble

Lsb 

RegModemC

onfig3 
0x03 0x00 

╠ ȁ

ᵞ ᵝ 

└

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 ṿȁTx

ᴆ 

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 
Ἕ ‰

└ 

0x3C RegTemp - 
ᴰ

ṿ 

0x3D RegLowBat 0x02 
ᵞ

 

0x3E RegIrqFlags1 0x80 

̔

PLL

ȁ ȁ

RSSI 

0x3F RegIrqFlags2 0x40 

̔

FIFO

ȁᵞ  

0x40 RegDioMapping1 0x00 DIO0⌠ DIO3  
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0x41 RegDioMapping2 0x00 
DIO4⌠ DIO5 ȁ

ClkOut  

0x42 RegVersion 0x12 -- ῏ ID 

0x44 RegPllHop unused 0x2D 
└

 
ᶏ  

0x4B RegTcxo 0x09 TCXO XTAL ῀  

0x4D RegPaDac 0x84 PA ⱳ  

0x5B RegFormerTemp - IQ ‰ Ữ  

0x5D 
RegBitRateFr

ac 
unused 0x00 

№

№ 
ᶏ  

0x61 RegAgcRef 0x13 

AGC ṿ  
0x62 RegAgcThresh1 0x0E 

0x63 RegAgcThresh2 0x5B 

0x64 RegAgcThresh3 0xDB 

0x70 RegPll 0xD0 PLL └ 

ῒז RegTest - ῤ ȂҌ Ώ 

 

̔- ҉ ᵝ Ҭ ᵝṿ ꜚ┘  

- ṿҹ ᶏ ṿ̆ ᶏ ⌠ ᶃ  

- 6.2 Ҭ ̂*̃ ṿҍ ᵝṿҌ  

6.2. FSK/OOK Ҋ  

׃ ԅ FSK/OOK Ҋ SX1276/77/78 ΐᵣῤ Ȃ 

Ώ̔r̔ ̕w̔Ώ̕t̔ ̕c̔  

 42  

̂ ̃ ᵝ  
 ṿ 

FSK/OOK  

RegFifo 

(0x00) 
7-0 Fifo rw 0x00 FIFO ῀/ ₮ 

 

RegOpMode 

(0x01) 

7 LongRangeMode r 0x00 

0ĄFSK/OOK  

1ĄLoRa
TM

 

ᵝֽ Ҋḱ

Ȃ ῒז ᴆ Ҋ

Ώ ᵬ Ȃ 

6-5 ModulationType rw 0x00 
└ ̔ 

00ĄFSK 
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01ĄOOK 

10Ą11Ą  

4 reserved r 0x0  

3 
LowFrequencyModeO

n 
rw 0x01 

ᵞ ׆̂

0x61 ̃ 

0Ą ̂

̃ 

1Ąᵞ ̂ ᵞ

̃ 

2-0 Mode rw 0x01 

 

000Ą  

001Ą  

010Ą Tx

̂FSTx̃ 

011Ą ̂Tx̃ 

100Ą Rx

̂FSRx̃ 

101Ą ̂Rx̃ 

110Ą  

111Ą  

RegBitrateMs

b 

(0x02) 

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

ᵝ̂

̆↕ҹ

̃ 

RegBitrateLs

b 

(0x03) 

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

ᵞ ᵝ̂

̆↕ҹ

̃ 

 

ṿ̔4.8kb/s 

RegFdevMsb 

(0x04) 

7-6 reserved rw 0x00  

5-0 Fdev(13:8) rw 0x00 Ẓ ᵝ 

RegFdevLsb 

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

Ẓ ᵞ ᵝ 

Fdev = Fstep x Fdev(15,0) 

ṿ̔5kHz 

RegFrfMsb 

(0x06) 
7-0 Frf(23:16) rw 0x6c ᵝ 

RegFrfMid 

(0x07) 
7-0 Frf(15:8) rw 0x80 Ҭ ᵝ 

RegFrfLsb 

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

ᵞ ᵝ 

Frf = Fstep x Frf(23;0) 

ṿ̔434.000MHz 

ֽ ῀ FSRx/FSTx
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ῤ 

 

RegPaConfig 

7 PaSelect rw 0x00 

PA ₮  

0ĄRFO Ȃ ⱳ ҹ

+14dBm 

1ĄPA_BOOST Ȃ

ⱳ ҹ+20dBm 

6-4 MaxPower rw 0x04 

₮ⱳ ̔

Pmax=10.8+0.6 x 

MaxPowerȍdBmȎ 

3-0 OutputPower rw 0x0f 

PaSelect=0̂ RFO ̃̆

↕ Pout=Pmax-

̂15-OutputPower̃ 

PaSelect=1̂ PA_BOOST

̃̆ ↕ Pout=17-

̂15-OutputPower̃ 

RegPaRamp 

(0x0A) 

7 unused r 0x00 ᶏ  

6-5 ModulationShaping rw 0x00 

̔ 

FSK Ҋ̔ 

00Ą  

01Ą BT=1.0 

10Ą BT=0.5 

11Ą BT=0.3 

OOK Ҋ̔ 

00Ą  

01Ąfcutoff =  

10Ąfcutoff =2 x 

̂ <125kb/s̃ 

11Ą  

4 reserved rw 0x00  

3-0 PaRamp rw 0x09 

FSK Ҋ /  

0000Ą3.4ms 

0001Ą2ms 

0010Ą1ms 

0011Ą500us 

0100Ą250us 

0101Ą125us 

0110Ą100us 

0111Ą62us 

1000Ą50us 

1001Ą40us(d) 
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1010Ą31us 

1011Ą25us 

1100Ą20us 

1101Ą15us 

1110Ą12us 

1111Ą10us 

RegOcp 

(0x0B) 

7-6 unused r 0x00 ᶏ  

5 OcpOn rw 0x01 

ҹ PA Ḡ ̂OCP :̃ 

0ĄOCP῏  

1ĄOCP  

4-0  rw 0x0b 

OCP ̔ 

OcpTrim<=15̂ 120mÃ̆

↕ Imax=45+5 x OcpTrim

ȍmAȎ̕  

15<OcpTrim<=27

̂130~240mÃ̆ ↕

Imax=-30+10 x OcpTrim

ȍmAȎ̕  

ṿ Ĭmax=240mA  ̕

Imax=100mA 

 

RegLna 

(0x0C) 

7-5 LnaGain rw 0x01 

LNA ̔ 

000Ą  

001ĄG1=  

010ĄG2= -6dB 

011ĄG3= -12dB 

100ĄG4= -24dB 

101ĄG5= -36dB 

110ĄG6= -48dB 

111Ą  

̔ ᴪ

╠ LNA ̂ ԅ

AGC̆↕ Ҍ ԍ

ӊ╠ ṿȂ̃  

4-3 LnaBoostLf rw 0x00 

ᵞ ̂RFI_LF̃LNA

 

00Ą LNA  

ῒזĄ  

2 reserved rw 0x00  

1-0 LnaBoostHf rw 0x00 

̂RFI_HF L̃NA

 

00Ą LNA  
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11Ą 1̆50%LNA

 

RegRxConfig 

(0x0d) 

7 RestartRxOnCollision rw 0x00 

⌠ ⌠ ‖

̆ ꜚ

└ 

0Ą ꜚ  

1Ą ꜚ  

6 
RestartRxWithoutPllL

ock 
wt 0x00 

ҹ 1 ̆

ꜚ  

ᶏ ᵝ̆

↕ᶏ

RestartRxWithPllLockᵝ 

5 RestartRxWithPllLock wt 0x00 

ҹ 1 ̆

ꜚ  

ᶏ ᵝ̆

PLL ѿ  

4 AfcAutoOn rw 0x00 

0Ą ꜚ Ҍ

AFC 

1Ą ꜚ

AFC 

3 AgcAutoOn rw 0x01 

0Ą LnaGain └

LNA  

1Ą AGC └ LNA  

2-0 RxTrigger rw 
0x06

* 

ꜚ Ԋᴆ

AGC / AFCȂ 

18Ȃ 

RegRssiConfi

g 

(0x0e) 

7-3 RssiOffset rw 0x00 

RSSIẒ ץ̆ ễ

╠ ̂LNAȁSAW ̃

/  

1dB/LSB̆ԋ └  

2-0 RssiSmoothing rw 0x02 

ӈ RSSI ṿ

 

000Ąᶏ 2  

001Ąᶏ 4  

010Ąᶏ 8  

011Ąᶏ 16  

100Ąᶏ 32  

101Ąᶏ 64  

110Ąᶏ 128  

111Ąᶏ 256  

RegRssiConll

ision 
7-0 

RssiCollisionThreshol

d 
rw 0x0a 

ԍ ⌠

ṿ̆ ‖
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(0x0f) Ȃ1dB/LSB̂ ֽ RSSI ⱴ  ̃

ṿ̔10dB 

RegRssiThre

sh 

(0x10) 

7-0 RssiThreshold rw 0xff 
RssiҬ RSSI  ̔

-RssiThreshold/2ȍdBmȎ 

RegRssiValu

e 

(0x11) 

7-0 RssiValue r - 

RSSI ṿȍdBmȎ̆ 0.5dB

Ȃ 

RSSI=-RssiValue/2ȍdBmȎ 

RegRxBw 

(0x12) 

7 unused r - ᶏ  

6-5 reserved rw 0x00  

4-3 RxBwMant rw 0x02 

Ḥ └̔ 

00ĄRxBwMant=16 

01ĄRxBwMant=20 

10ĄRxBwMant=24 

11Ą  

2-0 RxBwExp rw 0x05 Ḥ └ 

RegAfcBw 

(0x13) 

7-5 reserved rw 0x00  

4-3 RxBwMantAfc rw 0x01 
AFC Ҭ ⌠

RxBwMant  

2-0 RxBwExpAfc rw 0x03 
AFC Ҭ ⌠

RxBwExp  

RegOokPeak 

(0x14) 

7-6 reserved rw 0x00  

5 BitSyncOn rw 0x01 

ꜚᵝ Ȃ 

0Ąᵝ ῏ ̂

Ҋ ῏ ̃ 

1Ąᵝ  

4-3 OokThreshType rw 0x01 

OOK №◓ Ҭ

ṿ ̔ 

00Ą ṿ 

01Ą ṿ ̂ ̃ 

10Ą ṿ  

11Ą  

2-0 OokPeakThreshStep rw 0x00 

OOK Ҭ RSSI ṿ

⁞ ̔ 

000Ą0.5dB 001Ą1.0dB 

010Ą1.5dB 011Ą2.0dB 

100Ą3.0dB 101Ą4.0dB 

110Ą5.0dB 111Ą6.0dB 

RegOokFix 

(0x15) 
7-0 OokFixedThreshold rw 0x0C 

OOK Ҋ

ṿ 

ṿ Ҋ OOKҬ

ᵞ ṿ 
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RegOokAvg 

(0x16) 

7-5 OokPeakThreshDec rw 0x00 

OOK Ҭ RSSI ṿ

⁞ ̔ 

000Ą ѿ  

001Ą ң ѿ  

010Ą ѿ  

011Ą ῇ ѿ  

100Ą ң  

101Ą  

110Ą ῇ  

111Ą Έ  

4 reserved rw 0x01  

3-2 OokAverageOffset rw 0x00 

ҹ⁞ ‖ ꜚ

ⱴ῀ ṿ ṿ

Ẓ ֽ̂ OOK ̃̔ 

00Ą0.0dB 10Ą4.0dB 

01Ą2.0dB 11Ą6.0dB 

1-0 
OokAverageThreshFil

t 
rw 0x02 

OOK ṿ Ҋ

̔ 

00ĄfCå /32.ˊ 

01ĄfCå /8.ˊ 

10ĄfCå /4.ˊ 

11ĄfCå /2.ˊ 

RegRes17 

to 

RegRes19 

7-0 reserved rw 

0x47 

0x32 

0x3E 

Ȃ Ḡ ᵝṿȂ 

RegAfcFei 

(0x1a) 

7-5 unused r - ᶏ  

4 AgcStart wt 0x00 
ṿ ҹ1 ѿ AGC

ᵬ 

3 reserved rw 0x00  

2 unused - - ᶏ  

1 AfcClear wc 0x00 
Rx Ҋ AFC

ṿȂ ҹ 0 

0 AfcAutoClearOn rw 0x00 

ֽ AfcAutoOn

 

0ĄAFC ꜚ

AFC  

1ĄAFC ꜚ AFC

 

RegAfcMsb 

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

AfcValue ᵝ̆ԋ

└ Ȃ ԍ Ώ

AFCṿ 

RegAfcLsb 7-0 AfcValue(7:0) rw 0x00 AfcValue ᵞ ᵝ̆ԋ
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(0x1c) └ Ȃ ԍ Ώ

╠ AFCṿ 

RegFeiMsb 

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

Ẓ ᵝ̆

ԋ └ Ȃ

RegFeiLsb╠ Ȃ 

RegFeiLsb 

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

Ẓ ᵞ ᵝ̆

ԋ └  

=FeiValue x Fstep 

RegPreamble

Detect 

(0x1f) 

7 PreambleDetectorOn rw 
0x01

* 

ҹ 1 ̆ ꜚ╠

Ȃ ꜚ/AGC ̆

AGC ף ᵝȂ 

0Ą῏  

1Ą ꜚ 

6-5 
PreambleDetectorSiz

e 
rw 

0x01

* 

Ҭ ⌠ ╠

 

00Ą1  10Ą3  

01Ą2  11Ą  

4-0 PreambleDetectorTol rw 
0x0A

* 

PreambleDetectorSize ץ

 

4  

RegRxTimeo

ut1 

(0x20) 

7-0 TimeoutRxRssi rw 0x00 

℗ ⌠ Rx

TimeoutRxRssi x 16 x Tbit

RssiҬ ̂ᶛ

RssiValue>RssiThreshold̃

̆↕ TimeoutҬ  

0x00̔TimeoutRxRssi῏  

RegRxTimeo

ut2 

(0x21) 

7-0 TimeoutRxPreamble rw 0x00 

℗ ⌠ Rx

TimeoutRxPreamble x 16 x 

Tbit PreambleҬ

̆↕ TimeoutҬ  

0x00̔TimeoutRxPreamble

῏  

RegRxTimeo

ut3 

(0x22) 

7-0 TimeoutSignalSync rw 0x00 

Rx

TimeoutSignalSync x 16 x 

Tbit SyncAddress

̆↕ TimeoutҬ  

0x00̔TimeoutSignalSync

῏  

RegRxDelay 

(0x23) 
7-0 InterPacketRxDelay rw 0x00 

ꜚ ╠

̔ 

=InterPacketRxDelay x 

4 x Tbit 
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RC  

RegOsc 

(0x24) 

7-4 unused r - ᶏ  

3 RcCalStart wt 0x00 

ṿ ᴪ RC

‰Ȃ ҹ 0ȂRC

‰ Ҋ

Ȃ 

2-0 ClkOut rw 
0x07

* 

CLKOUT ̔ 

000ĄFXOSC 

001ĄFXOSC/2 

010ĄFXOSC/4 

011ĄFXOSC/8 

100ĄFXOSC/16 

101ĄFXOSC/32 

110ĄRĈ ꜚ ̃ 

111ĄOFF 

 

RegPreamble

Msb 

(0x25) 

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

╠ ׆̂

TxStartCondition

Ȃ̃̂ ᵝ ̃ 

RegPreamble

Lsb 

(0x26) 

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

╠ ׆̂

TxStartCondition

Ȃ̃̂ ᵞ ᵝ ̃ 

RegSyncConf

ig 

(0x27) 

7-6 AutoRestartRxMode rw 0x02 

⌠ └

ꜚ

̂PayloadReady

CrcOk̃̔  

00Ą῏  

01Ą ̆Ҍ PLL

 

10Ą ̆ OLL ̂

̃ 

11Ą  

5 PreamblePolarity rw 0x00 

╠  

0Ą0xAÂ ̃ 

1Ą0x55 

4 SyncOn rw 0x01 

̔ 

0Ą῏  

1Ą  

3 reserved rw 0x00  

2-0 SyncSize rw 0x03 

̔ 

̂SyncSize+1̃ ̕

ioHomeOn=1̆↕ҹ
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̂SyncSizẽ  

RegSyncValu

e1 

(0x28) 

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

* 

ѿ Ȃ̂

ᵝ ̃ 

ԅSyncOn ’Ҋᶏ Ȃ 

RegSyncValu

e2 

(0x29) 

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

* 

ԋ Ȃ ԅ

SyncOnғ

̂SyncSize+1̃>=2 ’Ҋ

ᶏ Ȃ 

RegSyncValu

e3 

(0x2a) 

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

* 

҈ Ȃ ԅ

SyncOnғ

̂SyncSize+1̃>=3 ’Ҋ

ᶏ Ȃ 

RegSyncValu

e4 

(0x2b) 

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

* 

Ȃ ԅ

SyncOnғ

̂SyncSize+1̃>=4 ’Ҋ

ᶏ Ȃ 

RegSyncValu

e5 

(0x2c) 

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

* 

ԓ Ȃ ԅ

SyncOnғ

̂SyncSize+1̃>=5 ’Ҋ

ᶏ Ȃ 

RegSyncValu

e6 

(0x2d) 

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

* 

Έ Ȃ ԅ

SyncOnғ

̂SyncSize+1̃>=6 ’Ҋ

ᶏ Ȃ 

RegSyncValu

e7 

(0x2e) 

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

* 

҂ Ȃ ԅ

SyncOnғ

̂SyncSize+1̃>=7 ’Ҋ

ᶏ Ȃ 

RegSyncValu

e8 

(0x2f) 

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

* 

ῇ Ȃ ԅ

SyncOnғ̂SyncSize+1̃

=8 ’Ҋᶏ Ȃ 

RegPacketCo

nfig1 

(0x30) 

7 PacketFormat rw 0x01 

ӈᶏ ̔ 

0Ą  

1Ą  

6-5 DcFree rw 0x00 

ӈ DC /

̔ 

00Ą ̂῏ ̃ 

01Ą  

10Ą  

11Ą  

4 CrcOn rw 0x01 
CRC /

̂Tx/Rx̃̔  
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0Ą῏  

1Ą  

3 CrcAutoClearOff rw 0x00 

CRC ̆ ӈ

ҹ̔ 

0Ą FIFO

ȂҌ֟

PayloadReadyҬ Ȃ 

1ĄҌ FIFOȂ֟

PayloadReadyҬ Ȃ 

2-1 AddressFiltering rw 0x00 

ӈ Rx Ҋ  ̔

00Ą ̂῏ ̃ 

01Ą

NodeAddress 

10Ą

NodeAddress

BroadcastAddress 

11Ą  

0 CrcWhiteningType rw 0x00 

CRC ̔ 

0Ą ‰ CCITT CRC

 

1Ą֜ IBM CRC

 

RegPacketCo

nfig2 

(0x31) 

7 unused r - ᶏ  

6 DataMode rw 0x01 

̔ 

0Ą  

1Ą  

5 IoHomeOn rw 0x00 

ꜚ io-homecontrol®Ὶ

 

0Ą῏  

1Ą ꜚ 

4 
IoHomeOnPowerFra

me 
rw 0x00 

ðð ⌠

io-homecontrol®Ὶ  

3 BeaconOn rw 0x00 
ץ ꜚḤ

 

2-0 PayloadLength(10:8) rw 0x00 ᵝ 

RegPayloadL

ength 

(0x32) 

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

PacketFormat=0̂

̃̆ ↕ҹ Ȃ 

PacketFormat=1̂

̃̆ ↕ҹ Rx Ҋ

̆Ҍ ԍ Tx Ȃ 

RegNodeAdr

s 
7-0 NodeAddress rw 0x00 

Ҭᶏ

Ȃ 
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(0x33) 

RegBroadcas

tAdrs 

(0x34) 

7-0 BroadcastAddress rw 0x00 
Ҭᶏ

Ȃ 

RegFifoThres

h 

(0x35) 

7 TxStartCondition rw 
0x01

* 

ӈ ᴰ

ᴆ̔ 

0ĄFifoLevel̂ FIFOҬ

₮ԅ FifoThreshold

ṿ̃ 

1ĄFifoEmpty ᵞ̂ FIFO

Ҭ ѿҩ ̃ 

6 unused r - ᶏ  

5-0 FifoThreshold rw 0x0f 

FIFOҬ

>=FifoThreshold+1 ̆

FifoLevelҬ  

 

RegSeqConfi

g1 

(0x36) 

7 SequencerStart wt 0x00 

└  

ҹó1ô̆ ñ ò

Ȃ 

ֽ ԍ

Ҋ ꜚ Ȃ 

6 SequencerStop wt 0x00 
└῏ Ȃ 

ҹó0ô 

5 IdleMode rw 0x00 

Ҋ

̔ 

0̔  

1̔  

4-3 FromStart rw 0x00 

Ҋ̆

SequencerStart ҹ1 ̆

└ ̔ 

00̔

LowPowerSelection  

01̔  

10̔  

11̔ FifoLevelҬ

 

2 LowPowerSelection rw 0x00 

LowPowerSelection ̆

LowPower ̔ 

0̔SequencerOff ̆

ԍ∆  

1̔ ̆ IdleMode
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‗ ԍ

 

̔∆ ҹ

ꜚ LowPower

Ȃ 

1 FromIdle rw 0x00 

T1Ҭ ̆ └

׆ ̔ 

0̔  

1̔  

0 FromTransmit rw 0x00 

└ ׆ ̔ 

0̔ PacketSentҬ

̆

LowPowerSelection  

1̔ PacketSentҬ

̆  

RegSeqConfi

g2 

(0x37) 

7-5 FromReceive rw 0x00 

└ ׆ ̔ 

000 111̔ ᶏ  

001̔ PayloadReady

Ҭ ̆

PacketReceived  

010̔ PayloadReady

Ҭ ̆

LowPowerSelection  

011̔ CrcOkҬ ̂1̃

̆ PacketReceived

 

100̔ RssiҬ ̆

SequencerOff  

101̔ SyncAddress

Ҭ ̆

SequencerOff  

110̔ PreambleDetect

Ҭ ̆

SequencerOff  

ҹᵥṿ̆ T2

Ҭ ̆

LowPowerSelection  

̂1̃ CRC ̂

̆CRC ᵖ

CrcAutoClearOn=0̃̆

PayLoadReadyҬ ꜚ
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῀ RxTimeout

Ȃ 

4-3 FromRxTimeout rw 0x00 

RxTimeoutҬ

̂ FromReceive=011̆↕

ҹ PayloadReadyҬ ̃̆

└ ׆ ̔ 

00̔ ReceiveRestart

 

01̔  

10̔

LowPowerSelection  

11̔ SequencerOff

 

̔RxTimeoutҬ ҹѿ

TimeoutRxRssiȁ

TimeoutRxPreamble

TimeoutSignalSyncҬ  

2-0 FromPacketReceived rw 0x00 

└ ׆

PacketReceived ̔ 

000̔ SequencerOff

 

001̔ FifoEmpty ̆

 

010̔

LowPowerSelection  

011̔ ̆

FS  

100̔ ̂

̃ 

RegTimerRes

ol 

(0x38) 

7-4 unused r - ᶏ  

3-2 Timer1Resolution rw 0x00 

1№  

00̔ 1῏  

01̔64us 

10̔4.1ms 

11̔262ms 

1-0 Timer2Resolution rw 0x00 

2№  

00̔ 2῏  

01̔64us 

10̔4.1ms 

11̔262ms 

RegTimer1Co 7-0 Timer1Coefficient rw 0xf5 1Ṑ  
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ef 

(0x39) 

RegTimer2Co

ef 

(0x3a) 

7-0 Timer2Coefficient rw 0x20 2Ṑ  

Ⱶ  

RegImageCal 

(0x3b) 

7 AutoImageCalOn rw 
0x00

* 

└ Ἕ ‰ └ 

0Ą῏

‰ 

1Ą

‰ 

6 ImageCalStart wt - 
ҹ ̆ IQ

RSSI ‰ 

5 ImageCalRunning r 0x00 

Ἕ RSSI ‰ ̆

ҹ 1Ȃ 

̆℗ ҹ 0Ȃ 

4 unused r - ᶏ  

3 TempChange r 0x00 

҉ѿ Ἕ RSSI

‰ ₮ TempThreshold

IRQ ̔ 

0Ą ᵞԍ

TempThreshold 

1Ą ԍ

TempThreshold 

2-1 TempThreshold rw 0x01 

ѿ I/Q ‰

ṿ̔ 

00Ą5Ņ 

01Ą10Ņ 

10Ą15Ņ 

11Ą20Ņ 

0 TempMonitorOff rw 0x00 

└ ᵬ̔ 

0Ą

Ҋ  

1ĄẢ  

RegTemp 

(0x3c) 
7-0 TempValue r - 

 

ᵞ ᵝ-1Ņ 

‰ 

RegLowBat 

(0x3d) 

7-4 unused r - ᶏ  

3 LowBatOn rw 0x00 

ᵞ Ḥ  

0Ą῏ ᵞ  

1Ą ᵞ  

2-0 LowBatTrim rw 0x02 LowBat ṿ ̔ 
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000Ą1.695V 

001Ą1.764V 

010Ą1.835V(d) 

011Ą1.905V 

100Ą1.976V 

101Ą2.045V 

110Ą2.116V 

111Ą2.185V 

 

RegIrqFlags1 

(0x3e) 

7 ModeReady r - 

‰ ModeҬ

ᵬ ̆ ᵝ̔ 

-Sleep̔ ῀  

-Standby̔ ᵣ

 

-FS̔PLL  

-Rx̔RSSI  

-Tx̔PA  

ᵬ ᵝȂ 

6 RxReady r - 

Rx Ҭԍ RSSIȁAGC

AFC ᵝȂ 

₮ Rx ᵝȂ 

5 TxReady r - 

Tx Ҭԍ PA

ᵝȂ 

₮ Tx ᵝȂ 

4 PllLock r - 

̂FSȁRx Tx Ҭ̃̆

PLL ᵝȂ 

PLL ᵝȂ 

3 Rssi 
rw

c 
- 

Rx Ҭ̆ RssiValue

RssiThreshold ̆

ᵝ 

₮ Rx ᵝ

ҹ 1 ̆ ᵝȂ 

2 Timeout r - 

Ԋᴆ ᵝ 

₮Rx FIFO

ᵝȂ 

1 PreambleDetect 
rw

c 
- 

╠ ⌠

╠ ᵝȂ 

ҹ 1 ̆ ᵝȂ 

0 SyncAddressMatch 
rw

c 
- 

⌠ Sync Addresŝ

ꜚ̃ ̆ ᵝȂ 

₮Rx FIFO

ᵝȂ 
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Ҋ̆ ᵝֽ

̕ Ҋ̆ ᵝ

ץ ȁ Ώ Ȃ 

RegIrqFlags2 

(0x3f) 

7 FifoFull r - 

FIFOᾟ ̂ 66ҩ

̃ ᵝ̆ ↕

Ȃ 

6 FifoEmpty r - 

FIFO ᵝ̕

FIFOҬ 1ҩ҉ץ

ᵝȂ 

5 FifoLevel r - 

FIFOҬ ῃ

FifoThreshold ᵝ̆

↕ Ȃ 

4 FifoOverrun 
rw

c 
- 

FIFO

ᵝ̂ Ȃ̃ 

ᵝ ̆ FIFOᴪ

Ȃ ̆FIFOḂ

ԍҊѿ / Ȃ 

3 PacketSent r - 

Tx Ҋ̆

̆ ᵝȂ 

₮ Tx ᵝ 

2 PayloadReady r - 

Rx Ҋ̆

̆ ⌠ ѿҩ

ғ CRC ̂ ꜚԅ

CRCғ CrcAutoClearOff

̃ ᵝȂ FIFO

ᵝȂ 

1 CrcOk r - 

Rx Ҋ̆ CRC

ᵝȂ FIFO

ᵝȂ 

0 LowBat 
rw

c 
- 

ᵞ ṿ

Ҋץ ᵝȂֽ

ᵝ ҹ1 ᵝȂ 

IO └  

RegDioMappi

ng1 

(0x40) 

7-6 Dio0Mapping rw 0x00 

DIO0⌠ DIO5  

LoRa Ҋ 23 

Ҋ 27 

Ҋ 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 ȂḠ ṿȂ 

0 MapPreambleDetect rw 0x00 ᾛ Rssi
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PreambleDetect⌠DIO

̆ 27 28

Ȃ 

0ĄRssiҬ  

1ĄPreambleDetectҬ  

 

RegVersion 

(0x42) 
7-0 Version r 0x12 

Ȃ7-4ᵝ

ḱ 3̕-0ᵝ

ḱ Ȃ 

ⱴ  

RegPllHop 

(0x44) 

7 FastHopOn rw 0x00 

Һ

ȂΏ RegFrfLsb

Ȃ 

0Ą ῀ FSTx FSRx

̆ Frf  

1ĄΏ RegFrfLsb ̆

Frf  

6-0 reserved rw 0x2d  

RegTcxo 

(0x4b) 

7-5 reserved rw 0x00 ȂḠ ṿ 

4 TcxoInputOn rw 0x00 

└ ᵣ  

0Ą ᵣ ᵣ

 

1Ą ╝ TCXO

ҍ XTA ֜  

3-0 reserved rw 0x09 ȂḠ ṿȂ 

RegPaDac 

(0x4d) 

7-3 reserved rw 0x10 ȂḠ ṿȂ 

2-0 PaDac rw 0x04 

PA_BOOST ҉ ꜚ

+20dBm  

0x04Ą ṿ 

0x07Ą

OutputPower=1111 ̆

PA_BOOST҉ҹ+20dBm 

RegFormerTe

mp 

(0x5b) 

7-0 FormerTemp rw - 

ѿ IQ̂RSSI Ἕ̃

‰ҬḠ Ȃҍ

RegTempҬ TempValue

Ȃ 

RegBitrateFra

c 

(0x5d) 

7-4 unused r 0x00 ᶏ  

3-0 BitRateFrac rw 0x00 

№ №ֽ̂

FSK Ҋ ̃ 

BitRateFrac>0̆↕̔ 
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RegAgcRef 

(0x61) 

7-6 unused r - ᶏ  

5-0 AgcReferenceLevel rw 0x19 

ҹ AGC ṿ ᵞ

ṿ 

AGC ṿȍdBmȎ

=-174dBm+10 x log(2 x 

RxBw)+SNR+AgcReferenc

eLevel 

SNR=8dB̆ ṿ 

RegAgcThres

h1 

(0x62) 

7-5 unused r - ᶏ  

4-0 AgcStep1 rw 0x0c ӈ ѿҩ AGC ṿ 

RegAgcThres

h2 

(0x63) 

7-4 AgcStep2 rw 0x04 ӈ ԋҩ AGC ṿ 

3-0 AgcStep3 rw 0x0b ӈ ҈ҩ AGC ṿ 

RegAgcThres

h3 

(0x64) 

7-4 AgcStep4 rw 0x0c ӈ ҩ AGC ṿ 

3-0 AgcStep5 rw 0x0c ӈ ԓҩ AGC ṿ 

 

6.3. ⱴ  

ᵝԍ 0x61~0x73 Ғ 525MHzץҊᵞ 860MHz҉ץ

ᵬȂ ֓ ṿ Ҍ ̆ ғ׆ᵞ ׆ ᵞ ᴪḠ

ṿȂ ꜚ ῏ RegOpMode 3 ᵝ LowFrequencyModeOn̆ ץ

Ȃ ’Ҋ̆β LowFrequencyModeOnҹ1 ҹᵞ Ȃ 

 43 ᵤ ꜘ  

 

̂ ̃ 
ᵝ  

 
ṿ ᵞ ⱴ  

RegAgcRef

Lf 

(0x61) 

7-6 unused r - ᶏ  

5-0 
AgcReferen

ceLevel 
rw 0x19 

ҹ AGC ṿ ᵞ ṿ 

AGC ṿȍdBmȎ=-174dBm+10 x 

log(2 x 

RxBw)+SNR+AgcReferenceLevel 

SNR=8dB̆ ṿ 

RegAgcThr

esh1Lf 

(0x62) 

7-5 unused r - ᶏ  

4-0 AgcStep1 rw 0x0c ӈ ѿҩ AGC ṿ 

RegAgcThr

esh2Lf 

(0x63) 

7-4 AgcStep2 rw 0x04 ӈ ԋҩ AGC ṿ 

3-0 AgcStep3 rw 0x0b ӈ ҈ҩ AGC ṿ 

RegAgcThr

esh3Lf 

7-4 AgcStep4 rw 0x0c ӈ ҩ AGC ṿ 

3-0 AgcStep5 rw 0x0c ӈ ԓҩ AGC ṿ 
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(0x64) 

RegPllLf 

(0x70) 

7-6 
PllBandwidt

h 
rw 0x03 

└ PLL ̔ 

00Ą75kHz 10Ą225kHz 

01Ą150kHz 11Ą300kHz 

5-0 reserved rw 0x10 ȂḠ ṿ 

 

 44 ꜘ  

 

̂ ̃ 
ᵝ  

 ṿ 
ⱴ  

RegAgcRefH

f 

(0x61) 

7-6 unused r - ᶏ  

5-0 
AgcReferen

ceLevel 
rw 0x1c 

ҹ AGC ṿ ᵞ ṿ̔ 

AGC ṿȍdBmȎ=-174dBm+10 x 

log(2 x 

RxBw)+SNR+AgcReferenceLevel 

SNR=8dB̆ ṿ 

RegAgcThre

sh1Hf 

(0x62) 

7-5 unused r - ᶏ  

4-0 AgcStep1 rw 0x0e ӈ ѿҩ AGC ṿ 

RegAgcThre

sh2Hf 

(0x63) 

7-4 AgcStep2 rw 0x05 ӈ ԋҩ AGC ṿ̔ 

3-0 AgcStep3 rw 0x0b ӈ ҈ҩ AGC ṿ̔ 

RegAgcThre

sh3Hf 

(0x64) 

7-4 AgcStep4 rw 0x0c ӈ ҩ AGC ṿ̔ 

3-0 AgcStep5 rw 0x0c ӈ ԓҩ AGC ṿ̔ 

RegPllHf 

(0x70) 

7-6 
PllBandwidt

h 
rw 0x03 

└ PLL ̔ 

00Ą75kHz 10Ą225kHz 

01Ą150kHz 11Ą300kHz 

5-0 reserved rw 0x10 ȂḠ ṿ 

 

6.4. LoRaTM  

Ҋץ ԅ LoRa
TM Ҋ SX1276/77/78 ℗ῤ Ȃ 

LoRa
TM └ ҍ FSK └ └ ̆ԅ ѿ № Ȃ ̆

ה ̆ ῒ ̆ѿ֓ LoRa
TM

FSK Ҋ ѿ Ȃ 

ֽ ᴆ ҹ LoRa ̆ ⌠ LoRa ̂ ̆FSK ֽ FSK

Ҋ Ȃ̃p ̆ ֓ ’Ҋ̆ LoRa Ҋ ֓ FSK Ȃҹ ̆

RegOpMode Ҭ⇔ ԅᵝ AccessSharedRegȂ ᵝ ҹó1ô̆ FSK

0x0D~0x3FȂҹ Ḡӊ LoRa ̆ ῏

ᵝȂ 
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Ώ̔r̔ ̆w̔Ώ̆c̔ ̆t̔ Ȃ 

 

̂ ̃ 
ᵝ  

 

ᵝ

ṿ 
LoRa

TM
 

RegFifo 

(0x00) 
7-0 Fifo rw 0x00 

LoRa
TM

FIFO ῀/

₮Ȃ ᴆ ԍ ̆

FIFO ̆ Ȃ 

 

RegOpMode 

(0x01) 

7 
LongRangeMo

de 
rw 0x0 

0ĄFSK/OOK  

1ĄLoRa
TM

 

ֽ Ҋḱ ᵝȂῒ

ז ᴆ Ҋ Ώ ᵬ

Ȃ 

6 
AccessShared

Reg 
rw 0x0 

ᵝ ᴆ ԍ

ᵬ̕ ԅ ᵝ̆↕ᾛ

LoRa Ҋ ᵝԍ

̂0x0D:0x3F̃ FSK

 

0Ą LoRa

0x0D:0x3F 

1Ą̂ LoRa Ҋ̃ FSK

0x0D:0x3F 

5-4 reserved r 0x00  

3 
LowFrequency

ModeOn 
rw 0x01 

ᵞ  

0Ą ̂

̃ 

1Ąᵞ ̂ ᵞ

̃ 

2-0 Mode rwt 0x01 

ᴆ  

000Ą  

001Ą  

010Ą ̂FSTx̃ 

011Ą ̂Tx̃ 

100Ą ̂FSRx̃ 

101Ą

̂RXCONTINUOUS̃ 

110Ą ̂RXSINGLẼ 

111ĄḤ ꜚ ̂CAD̃ 

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

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

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

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

(0x06) 
7-0 Frf(23:16) rw 0x6c RF ᵝ 

RegFrMid 

(0x07) 
7-0 Frf(15:8) rw 0x80 RF Ҭ ᵝ 

RegFrMsb 

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

RF ᵞ ᵝ 

 

F(XOSC)=32MHz̆↕№

ҹ 61.035Hz Ȃ ṿ ҹ

0x6c8000=434MHzȂֽ ᴆ

ԍ Ҋ ḱץ

ṿȂ 

RF  

RegPaConfig 

(0x09) 

7 PaSelect rw 0x00 

PA ₮  

0ĄRFO Ȃ ₮ⱳ Ҍ

+14dBmȂ 

1ĄPA_BOOST Ȃ ₮ⱳ

Ҍ +20dBm 

6-4 MaxPower rw 0x04 

₮ ⱳ ̔

Pmax=10.8+0.6 x MaxPower

ȍdBmȎ 

3-0 OutputPower rw 0x0f 

PaSelect=0̂ RFO ̃̆ ↕

Pout=Pmax-(15-OutputPower) 

PaSelect=1̂PA_BOOST

̃ ̆ ↕

Pout=17-(15-OutputPower) 

RegPaRamp 

(0x0A) 

7-5 unused r - ᶏ  

4 reserved rw 0x00  

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

LORA Ҋ /  

0000Ą3.4ms 

0001Ą2ms 

0010Ą1ms 

0011Ą500us 

0100Ą250us 

0101Ą125us 

0110Ą100us 

0111Ą62us 

1000Ą50us 

1001Ą40us 

1010Ą31us 

1011Ą25us 
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1100Ą20us 

1101Ą15us 

1110Ą12us 

1111Ą10us 

RegOcp 

(0x0B) 

7-6 unused r 0x00 ᶏ  

5 OcpOn rw 0x01 

ҹ PA Ḡ ̂OCP̃: 

0ĄOCP῏  

1ĄOCP  

4-0 OcpTrim rw 0x0b 

OCP ̔ 

OcpTrim<=15̂120mÃ̆ ↕

Imax=45+5 x OcpTrimȍmAȎ̕  

15<OcpTrim<=27

̂130~240mÃ̆↕ Imax=-30+10 

x OcpTrimȍmAȎ̕  

ṿ ̆Imax=240mA̕ 

Imax=100mA 

RegLna 

(0x0C) 

7-5 LnaGain rwx 0x01 

LNA ̔ 

000Ą ᶏ  

001ĄG1=  

010ĄG2 

011ĄG3 

100ĄG4 

101ĄG5 

110ĄG6=  

111Ą ᶏ  

4-3 LnaBoostLf rw 0x00 

ᵞ ̂RFI_LF̃LNA  

00Ą LNA  

OtherĄ  

2 reserved rw 0x00  

1-0 LnaBoostHf rw 0x00 

̂RFI_HF̃LNA  

00Ą LNA  

11Ą ̆150%LNA

 

Lora  

RegFifoAddrPtr 

(0x0D) 
7-0 FifoAddrPtr rw 0x00 

FIFO ‖ Ҭ SPI

 

RegFifoTxBaseA

ddr 

(0x0E) 

7-0 
FifoTxBaseAdd

r 
rw 0x80 

FIFO ‖ Ҭ └

Ώ῀  

RegFifoRxBase

Addr 

(0x0F) 

7-0 
FifoRxBaseAdd

r 
rw 0x00 

FIFO ‖ Ҭ
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RegFifoRxCurre

ntAddr 

(0x10) 

7-0 
FifoRxCurrentA

ddr 
r n/a 

⌠ ѿҩ

̂ ‖ Ҭ̃ 

RegIrqFlagsMas

k 

(0x11) 

7 
RxTimeoutMas

k 
rw 0x00 

Ҭ ̔ ᵝ

RegIrqFlagsҬ IRQ 

6 RxDoneMask rw 0x00 

Ҭ ̔

ᵝ RegIrqFlagsҬ

IRQ 

5 
PayloadCrcErro

rMask 
rw 0x00 

CRC Ҭ ̔

ᵝ RegIrqFlagsҬ

IRQ 

4 
ValidHeaderMa

sk 
rw 0x00 

Rx Ҋ ⌠

̔ ᵝ

RegIrqFlagsҬ IRQ 

3 TxDoneMask rw 0x00 

FIFO Ҭ ̔

ᵝ RegIrqFlags Ҭ

IRQ 

2 CadDoneMask rw 0x00 
CAD Ҭ ̔ ᵝ

RegIrqFlagsҬ IRQ 

1 
FhssChangeCh

annelMask 
rw 0x00 

FHSS Ḥ Ҭ ̔

ᵝ RegIrqFlagsҬ

IRQ 

0 
CadDetectedM

ask 
rw 0x00 

⌠ CAD Ҭ ̔

ᵝ RegIrqFlags Ҭ

IRQ 

RegIrqFlags 

(0x12) 

7 RxTimeout rc 0x00 Ҭ ̔ѿ Ώ ᵬ IRQ 

6 RxDone rc 0x00 
Ҭ ̔ѿ Ώ

ᵬ IRQ 

5 
PayloadCrcErro

r 
rc 0x00 

CRC Ҭ ̔ѿ Ώ

ᵬ IRQ 

4 ValidHeader rc 0x00 
Rx Ҋ ⌠ ѿ̔

Ώ ᵬ IRQ 

3 TxDone rc 0x00 
FIFO Ҭ ѿ̔ Ώ

ᵬ IRQ 

2 CadDone rc 0x00 
CAD ̔ Ώ ᵬ ѿ̔

Ώ ᵬ IRQ 

1 
FhssChangeCh

annel 
rc 0x00 

FHSS Ḥ Ҭ ̔ѿ Ώ

ᵬ IRQ 

0 CadDetected rc 0x00 
CAD ᵬҬ ⌠ Lora Ḥ

̔ѿ Ώ ᵬ IRQ 

RegRxNbBytes 

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

ѿ ⌠
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RegRxHeaderC

ntValueMsb 

(0x14) 

7-0 
ValidHeaderCnt

Msb(15:8) 
r n/a 

ѿ Rx

̆ ᵝ

̂15:8 Ȃ̃

Ҋ ᵝȂ 

RegRxHeaderC

ntValueLsb 

(0x15) 

7-0 
ValidHeaderCnt

Lsb(7:0) 
r n/a 

ѿ Rx

̆ ᵞ ᵝ

̂7:0 Ȃ̃

Ҋ ᵝȂ 

RegRxPacketCn

tValueMsb 

(0x16) 

7-0 
ValidPacketCnt

Msb(15:8) 
rc n/a 

ѿ Rx

̆ ᵝ

̂15:8 Ȃ̃

Ҋ ᵝȂ 

RegRxPacketCn

tValueLsb 

(0x17) 

7-0 
ValidPacketCnt

Lsb(7:0) 
r n/a 

ѿ Rx

̆ ᵞ ᵝ

̂7:0 Ȃ̃

Ҋ ᵝȂ 

RegModemStat 

(0x18) 

7-5 RxCodingRate r n/a ѿ ⌠  

4 

ModemStatus 

r '1' └  

3 r '0' Ḥ  

2 r '0' RX Ҭ 

1 r '0' Ḥ  

0 r '0' ⌠Ḥ  

RegPktSnrValue 

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

⌠ SNR

ᵀṿȂץԋ └ ӗץ 4Ȃ 

 

RegPktRssiValu

e 

(0x1A) 

7-0 PacketRssi r n/a 

⌠ RSSI

̂dBm̃ 

RSSI[dBm]=-137+PacketRssi 

RegRssiValue 

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

RSSIṿ̂dBm̃ 

RSSI[dBm]=-137+Rssi 

RegHopChannel 

(0x1C) 

7 PllTimeout r n/a 

Tx/Rx/CAD ᵬ PLL

 

0ĄPLL  

1ĄPLL  

6 
RxPayloadCrc

On 
r n/a 

׆ ⌠ Ҭ

CRCḤ  

0Ą CRC῏  

1Ą CRC  

5-0 
FhssPresentCh

annel 
r n/a ᶏ Ҭ ╠Ḥ ṿ 

RegModemConfi 7-4 Bw rw 0x07 Ḥ ̔ 
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g1 

(0x1D) 

0000Ą7.8kHz 

0001Ą10.4kHz 

0010Ą15.6kHz 

0011Ą20.8kHz 

0100Ą31.25kHz 

0101Ą41.7kHz 

0110Ą62.5kHz 

0111Ą125kHz 

1000Ą250kHz 

1001Ą500kHz 

ῒזṿĄ  

ᵞ ̂169MHz̃Ҍ Ḥ

8&9 

3-1 CodingRate rw '001' 

 

001Ą4/5 

010Ą4/6 

011Ą4/7 

100Ą4/8 

ῒזṿĄ  

Ҋ ҉

ᵝ̆ץ ̆

4.1.1.3  

0 
ImplicitHeader

ModeOn 
rw 0x0 

0Ą  

1Ą  

RegModemConfi

g2 

(0x1E) 

7-4 
SpreadingFacto

r 
rw 0x07 

SFṿ̂ץ 2 ̃ 

6Ą64 /  

7Ą128 /  

8Ą256 /  

9Ą512 /  

10Ą1024 /  

11Ą2048 /  

12Ą4096 /  

ῒזṿ Ȃ 

3 
TxContinuousM

ode 
rw 0 

0Ą ̆ ҩ  

1Ą ̆ FIFO

ҩ ̂ ԍ № ̃ 

2 
RxPayloadCrc

On 
rw 0x00 

CRCḤ  

0Ą CRC῏  

1Ą CRC  

1-0 
SymbTimeout(9

:8) 
rw 0x00 RX ᵝ 

RegSymbTimeo 7-0 SymbTimeout(7 rw 0x64 RX ᵞ ᵝ 
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utLsb 

(0x1F) 

:0) RX ᵬ ṿץ ̔ 

TimeOut=SymbTimeout·Ts 

RegPreambleMs

b 

(0x20) 

7-0 
PreambleLengt

h(15:8) 
rw 0x0 

╠ ᵝ

=PreambleLength+4.25 Ȃ 

4.1.1 Ȃ 

RegPreambleLs

b 

(0x21) 

7-0 
PreambleLengt

h(7:0) 
rw 0x8 ╠ ᵞ ᵝ 

RegPayloadLen

gth 

(0x22) 

7-0 
PayloadLength(

7:0) 
rw 0x1 

Ȃ Ҋ

ץ̆ ⌠

ȂҌᾛ ṿ

ҹ 0Ȃ 

RegMaxPayload

Length 

(0x23) 

7-0 
PayloadMaxLe

ngth(7:0) 
rw 0xff 

ṿ̕

ṿ̆↕ᴪ֟

CRC Ȃᾛ Ҍ

Ȃ 

RegHopPeriod 

(0x24) 
7-0 

FreqHoppingPe

riod(7:0) 
rw 0x0 

ӊ Ȃ̂ 0=

῏ Ȃ̃ ѿ ѿҩ

 

RegFifoRxByteA

ddr 

(0x25) 

7-0 
FifoRxByteAddr

Ptr 
r n/a 

╠ ̂ Lora

Ώ῀ ѿҩ

̃ 

RegModemConfi

g3 

(0x26) 

7-4 Unused r 0x00  

3 
LowDataRateO

ptimize 
rw 0x00 

0Ą῏  

1Ą ̕ 16ms

 

2 AgcAutoOn rw 0x00 

0Ą LnaGain LNA

 

1Ąῤ AGC LNA

 

1-0 Reserved rw 0x00  

(0x27) ï (0x3F) - Reserved r n/a  
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7. Ḥ  

7.1.  

42 ₮ԅ SX1276/77/78 ᵣ ‰ ᵣ ̆ῃ ᵝ ԅ

SX1276/77/78 ̆ ԍ ‰ ҬȂ 

 45 ᵩ  

  ᴆ 

ṿ 

ῖ

ṿ ṿ 

ᵝ 

FXOSC XTAL   - 32 - MHz 

RS XTAL ұ

 

 
- 15 100 ohms 

C0 XTAL

 

 
- 1 3 pF 

CFOOT  XTA XTB ҉ 10 15 22 pF 

CLOAD ᵣ   6 - 12 pF 

 

̔- ȁ

Ȃ 

- ᶫ̆ XTAL Cload Ȃ 

 

7.2. ᵝ 

SX1276/77/78 ҉ Ḃᴪ ҉ ᵝ̂POR Ȃ̃ ̆ ץ └ 7 ꜚ

ᵝȂ 

7.2.1. POR 

SX1276/77/78 ҍ VDD ̆ Ҋ ṿ ᵞ̆ ׅ

10ms POR Ῥ SPI ḤȂ POR ↓Ҭ 7

̂NRESET̃ Ḡ ꜚ Ȃ 

 

 42 POR  

̔ CLKOUT ꜚӞ ԍ ‰ Ȃ 

7.2.2. ꜚ ᵝ 

֓ ̆ ᶏ ץ VDD ̆Ӟ SX1276/77/78

ꜚ ᵝȂ ’Ҋ̆ 7 ᵞ 100 ̆ Ȃ ̆
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5msῬ ᶏ Ȃ 

 

 43 ꜠ ᵣ  

̔ 7 ᵞ ̆ ץ VDD҉ ⌠ 1 Ȃ 

7.3. ̔ ᶛ 

Ҋ̆ № ԍ ̆ ֽ RC Ȃ ᴪ

῀Ḥ Ȃ ⌠ Ḥ ̆ Ḡ № Ȃ ̆

ѿ ῤ ⌠ Ḥ ̆↕ᴪ῏ ̆ ⌠Ҋѿҩ Ȃ 

Ҋ̆ № ԍᵞⱳ ̆ ⱳ ṿ ᵞȂ 44ҹ Ҋ

Ȃ 

 

 44 Е  

⌠ ̆ᴪ֟ ѿҩҬ Ȃ Ҋ ̆ ץ ꜚȂ 

̆ ץ Ҋ₃ ̔ 

É PreambleDetectҬ  

É SyncAddressҬ  

É PayloadReadyҬ  

7.3.1. ╠ Ҭ  

ѿ Ҋ̆ ᴪ ╠ Ȃ ⌠╠ Ḥ ̆↕ ῏ ̆

℗ ╠̆ ᴪѿ Ḡ Ȃ ↕̆ ᴪ Ҋѿҩ Rx ⌠ ╠ѿ

ԍ῏ Ȃ 

7.3.1.1.  

Ҋ ̆ ⌠Ḥ ̆↕ ñ 1+ 2ò ᴪ ѿ ̆ ℗

̆ 2 Ȃ ⌠╠ Ḥ ̆↕ ℗

̆ ֽ RC Ȃ 
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 45 Ѓ └╦ Є 

⌠╠ Ḥ ↕̆ ῏ ȂPreambleDetectḤ ץ ⌠ DIO4̆׆

῏ Ȃ Ҋ ̆ Ḃ ꜚȂ 

 

 46 Ѓ └╦ Є 

7.3.1.2.  

Ҋ ҹñ ððPreambleDetect ò ̔ 

 

 47 PreambleDetect  

ᶛ Ҋ̔ 

 46 ððPreambleDetect ᴌ  
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IdleMode 1̔  

FromStart 

00̔ ῀ LowPowerSelection  

LowPowerSelection 1̔ ῀  

FromIdle 1̔ T1Ҭ ῀  

FromReceive 110̔ PreambleDetectҬ ῀ ῏

 

T 2 ӈԅ ⌠╠ Ḥ ’Ҋ Ȃҹ

ᵞⱳ ̆ 2 ṿ ↨ ╠ Ȃ 

T 1+T 2 ԍ ӈ ̆ ң ╠ ꜚ Ȃҹ ᵞ ⱳ

ṿ̆ 1 Ȃᵖ 1 ṿ Ӟᴪ

Ȃ 

ҹ Ḡ ≠ ᵞ ⱳ ̆ ⌠ ╠ ҹ T

1+2xT 2Ȃ 

Ҋ ԅ Ҋ ѿ DIO ᶛ̔ 

 47 ððPreambleDetect ᴌҐ ᶕ DIO  

DIO ṿ  

0 01 CrcOk 

1 00 FifoLevel 

3 00 FifoEmpty 

4 11 PreambleDetectðð ̔ MapPreambleDetectᵝȂ 

 

7.3.2. SyncAddressҬ  

ѿҩ Ҭ̆ ᴪᾢ ╠ SyncAddress Ҭ Ȃ

⌠҉ Ԋᴆ ̆↕ ῏ ̆ ℗ ╠̆ ᴪѿ Ȃ ↕̆

Ҋѿҩ Rx ⌠ ╠ᴪѿ ԍ῏ Ȃ 

7.3.2.1.  

№ Ҭ̆ ⌠ Ḥ Ȃ 48 ̆

̆ RxTimeout ӈȂ ñ 1+ 2ò▼Ҋ ῤ̂

1+ 2-TrxTimeout̃̆ ԍᵞⱳ Ȃ 
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 48 Ѓ └ SyncAddressЄ 

RxTimeout ╠ ⌠╠ ̆↕ ԍ ̆ ⌠ѿҩ

SyncAddressȂ 2 ⌠╠ ̆↕ ῏ ғ

̆ ѿ Ҭ ᴋᵥ Ȃ 

 

 49 Ѓ └╦ Ї └ SyncAddressЄ 

ᵖ ̆ ⌠ѿҩ ̆↕ᴪ ѿ SyncAddress Ҭ ̆ ῏ ̆ғ

℗ ╠ ѿ ԍ Ȃ 

 

 50 Ѓ └╦ SyncAddressЄ 

7.3.2.2.  

Ҋ ҹñ ððSyncAddress ò ̔ 
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 51 SyncAddress  

ᶛ Ҋ̔ 

 48 ððSyncAddress ᴌ  

  

IdleMode 1̔  

FromStart 00̔ ῀ LowPowerSelection  

LowPowerSelection 1̔ ῀  

FromIdle 1̔ T1Ҭ ῀  

FromReceive 110̔ SyncAddressҬ ῀ ῏  

FromRxTimeout 10̔ ῀ LowPowerSelection  

 

TTimeoutRxPreamble ṿ ⌠╠ ̂ᶭ PreambleDetectSize

BitRate Ȃ̃ 

T 1 ҹ64ɛŝ Ȃ̃ 

T 2 ṿ Ҋ↓ ᴆ̔T 1+T 2=ң ӊ Ȃ 

ҹ Ḡ ≠ ᵞ ⱳ ̆ ⌠ ╠ ӈ̆

ᶏ TPreamble-T 2=TSyncAddress̆ῒҬ TSyncAddress=̂SyncSize+1̃ x 8/BitRateȂ 

Ҋ ԅ Ҋ ѿ DIO ᶛ̔ 

 49 ððPreambleDetect ᴌҐ ᶕ DIO  

DIO ṿ  

0 01 CrcOk 

1 00 FifoLevel 

2 11 SyncAddress 



  SX1276/77/78 

&J  ῳ 

ḱ 1̆2013 9  

© 2013 Semtech Corporation 124  www.semtech.com 

3 00 FifoEmpty 

4 11 PreambleDetectðð ̔ MapPreambleDetectᵝȂ 

 

7.4. ̔Ḥ  

Ҋ̆ ᴪ ҩ Ḥ Ȃ ѿ ̆ғ PayloadLength

ԍ FIFO ↕̆ RegPacketConfig2Ҭ BeaconOnᵝ ᶏ ᾛ

Ḥ ̆ғ ѿ Ҭ ᴋᵥ Ȃ 

7.4.1.  

Ҋ ̆Ḥ Ҋ̆ T 1+T 2 ᴪ℗ ⌠ ̆

PacketSent ⌠ Ȃ ץ Ḡ └ ̆

׆ ᵞⱳ Ȃ 

 

 52 Ḫ  

7.4.2.  

Ҋ ҹḤ Ȃṿ ̆ ῀ԅѿҩ ̆

RegSeqConfig1Ҭ SequencerStopᵝ Ả Ȃ 

 

 53 Ḫ  

ᶛҬ Ҋ ̔ 
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 50 Ḫ  

  

IdleMode 1̔  

FromStart 00̔ ῀ LowPowerSelection  

LowPowerSelection 1̔ ῀  

FromIdle 0̔ T1Ҭ ῀  

FromTransmit 0 ̔ PacketSent Ҭ ῀

LowPowerSelection  

 

T 1+T 2 ԍ ӈң ӊ Ȃ 

7.5. CRC ᶛ 

Ҋᶛץ SX1276/77/78 CRC ̔ 
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 54 CRCש ᶡ 

7.6. ᶛ 

Ҋᶛץ ‰ᴰ ̔ 
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 55 ᶡ 
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 56 ᶡЃ Є 



  SX1276/77/78 

&J  ῳ 

ḱ 1̆2013 9  

© 2013 Semtech Corporation 129  www.semtech.com 

8. Ḥ  

8.1.  

57 ̆SX1276/77/78 28 QFN Ȃ 

 

̔ 

1. └ ץ ҹ ᵝ̂ ץ ҹ ᵝ Ȃ̃ 

2. ҍ ΐ ῍ Ȃ 

 57  

8.2.  
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̔ 

1. └ ץ ҹ ᵝ̂ ץ ҹ ᵝ Ȃ̃ 

2. ֽᵬ Ȃҹ Ḡ Ὲ └ ̆ ῏└ Ȃ 

3. Ҭ ҍ ̆ ↕ ᴆ /

ῒזⱳ Ȃ 

4. ððX Y ҉ץ Ȃ 

 58  

8.3. Ḥ  
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 59 Ḫ  
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9. ḱ  

 51 ḷ  

ḱ    

1 2013 9  ѿ  

   

 



  SX1276/77/78 

&J  ῳ 

ḱ 1̆2013 9  

© 2013 Semtech Corporation 133  www.semtech.com 

CONTACT 

ü Beijing, China 

Semtech International AG 

Unit 2206 Beijing Silver Tower 

No. 2 North Road Dong San Huan 

Chaoyang District, Beijing, 100027 China  

֤ қ҈ 2 2206  

Tel: +8610 64106855 / 6410688 

Fax: +8610 64106856 

ü Shanghai, China 

Semtech International AG 

Unit 1001,Building A Oriental Financial Plaza  

1168 Century Avenue, Pudong,  

Shanghai 200122 China  

қ A 1001 , ҉ қ ҕ 1168  

Phone: +86 21 63910830 

Fax: +86 2163910831 

ü Shenzhen, China 

Semtech Semiconductor (Shenzhen) Co., Ltd 

Suite A408, TCL Building,  

Gaoxin South First Street, 

Nanshan District, Shenzhen,  

Guangdong 518057, China  

қ , ѿ TCL A408  

Phone: +86 755 8282 8515 

Fax: +86 755 8202 4796 

ü Taipei, Taiwan 

Semtech International AG 

12F, No. 89, Sec. 5 

Nanking E. Road, Taipei, 105, Taiwan, R.O.C. 

֤ ԓ 89 12  

Phone: + 886 2 2748 3380 

Fax: + 886 2 2748 3390 


