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IR E=25°C, FXOSC=32MHz, Frr=169/434/868/915MHz ( W BAK&E/R), Pour=+13dBm,
AN BT B RS 2FSK |, FDA=5kHz, 452 =4.8kb/s, #:%|500hm [FJULECFHPT, Rx
5 Tx L UURaE % .

VER: PG IT I _LF RIS BATEE 2 P 3 A9 1ERE, 17K 5.3.3 o “_HF #7850
B 1.

2.5.1. Th#t

*® 6 IFEHTE

Sleep 0.2
IDDSL | FHHJEH - 1 uA
it
IDDIDL | AT | RC #RZ #81817 ] 1.5 A
E (1) FEL YR FL Y
FUEET | AR IRIRG #RiE AT 1.6
IDDST L e - 1.8 | mA
A A | FSRx 5.8
IDDFS | FHHJEH - - mA
it
. LnaBoost 541, ML 1 - 10.8 - mA
IDDR ?g%i; LnaBoost )5, #iEt 1 - 11.5 - mA
B 283 - 12.0 - mA
RFOP=+20dBm, PA_BOOST 3| ji 120
i
75?*—*3'3 . %FEEP—+17dBm, PA_BOOST 5] i 87 :2
IDBT zﬁéﬁgfj RFOP=+13dBm, RFO_LF/HF 3|} - 29 - mA
AN JIL iﬁ)l]tlj _ _ mA
RFOP=+7dBm, RFO_LF/HF 5| 20
fei e

25.2. WMRER

® TIEERZIG

BME ABME BRAME B

FR EIESRIE ] | "] YmAE Wik 1 | 137 - 175 MHz

BITHR 1, 201349 A
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Wik 2 | 410 - 525
Wik 3 | 862 - 1020
FXOSC | fifkiiRys e diig - 32 - MHz
=] = 3% BRIz Jid
TS_0OSC ;'_??}&’%ﬁ e ; 250 ; us
FIFTR A B
TS FS %€ PllLock 5% | MfrdlAE U - 60 - us
) VHE 6 B[]
200 kHz & - 20 - us
Ni= s _ _
B R B 1IMHz K 20 us
B 5MHz $ & - 50 - us
N N
TS_HOP T —— 7MHz K - 50 - us
- 12MHz £ K - 50 - us
20MHz & - 50 - us
25MHz K - 50 - us
FSTEP | X &b K | FSTEP=FXOSC/2 - 61.0 - Hz
FRC RC R &R | RiHEE - 62.5 - kHz
BRF FbdR, FSK | WI4mfRfE (1) 1.2 - 300 kbps
Phar R uEmf B, | ABS(FEE[ BR~T
BRA R R MET T Al H ) ] 950 opm
FSK 1 BR)

BRO FEbHF %, OOK | Al 4wfe 1.2 - 32.768 | kbps
BR L tb 45 %, LoRa | M SF6, BW=500kHz 0.018 - Kbos
- R #| SF12, BW=7.8kHz | ' P

GIE 7
PR mis, FSK
FDA ’)< i%& FDA+BRF/2=<250kH 0.6 - 200 kHz
zZ

VI BRAALIEF NN WIHIR A ) F5 5015 0.5,
2.5.3. FSK/OOK #ER#zehl

B BRI 7E RxBw=10kHz (L1 58) &1 i T, #a—2% PN15 ¥4, B
ERBEW, RESERAIRIGE (BER) A 0.1% (AL[FEIE BEE N T ). BRI H
KZWH TR, PHLZEM . ACR. 1IP2. IP3 & AMR MR s SR ENE T
PSR U /KF 3dB.

R 8FSK/OOK #EUTHl A&

RFS F_ | RFI 5 RFO 5| | FDA=5kHz, BR=1.2kb/s - | -121 | - | dBm
LF P&, RX 5 Tx 1% | FDA=5kHz, BR=4.8kb/s - | -127 | - | dBm
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#3=  FSK R#%, | FDA=40kHz, BR=38.4kb/s* | - | -107 | - | dBm
Bk LNA 1825, FDA=20kHz, BR=38.4kb/s** | - | -108 | - | dBm
P 2&3 FDA=62.5kHz , - 95 | - | dBm
BR=250kh/s***
FDA=5kHz, BR=1.2k
FDA :kHZ BR 48kEi - | 123 - | dBm
. = Z, =4,
RF #1270 8, A5 & - | -119 | - | dBm
: N FDA=40kHz, BR=38.4kb/s*
S S 48 N5k - | -109 | - | dBm
FDA=20kHz, BR=38.4kb/s**
B 2&3 FDA=62 5kHz - | -110 | - | dBm
- ’ - | 97 | - | dBm
BR=250kb/s***
FDA=5kHz, BR=1.2kb/s
RFI 5 RFO 3| H - | -1129 | - | dBm
i FDA=5kHz, BR=4.8kb/s
PR, Rx 5 Tx % - | -115 | - | dBm
. FDA=40kHz, BR=38.4kb/s*
7= FSK R, - | -105 | - | dBm
. . FDA=20kHz, BR=38.4kb/s**
R LNA 36325, - | -105 | - | dBm
e 1 FDA=62.5kHz , 92 dBm
RFS F_ | BR=250kb/s***
HF N FDA=5kHz, BR=1.2kb/s
RF % & 70 &, - | -123 | - | dBm
FDA=5kHz, BR=4.8kb/s
LnaBoost 1 &, A% - -119 | - | dBm
T S 1 N FDA=40kHz, BR=38.4kb/s* 109 dBm
S A I v i - - -
> " | EDA=20kHz, BR=38.4Kb/s**
e FDA=62.5kHz S| 9 - | dBm
BEE 1 - ’ - | -96 | - | dBm
BB BR=250Kb/s***
OOK REE, &
wes o |ina it&’ix ;iij( BR=4.8kb/s - | -117 | - | dBm
= Il » —
- . BR=32kb/s - | -108 | - | dBm
AT
Az @], FSK 4
CCR {EIEHIH], FSK ] 9 |
=
FDA=5kHz, BR=1.2kb/s
fm # & =+/-25kHz =}
+/-50kHz
ACR QPRI - 60 | - dB
AEL 3
- 56 | - | dB
HEL 2 50 dB
AEL 1
fW# E=+/-1MHz - 71 | - | dB
BI_HF PUBHZEME, AL 1 W% & =+/-2MHz - 76 - dB
{# fE=+/-10MHz - 84 | -| dB
fW# E=+/-1MHz - 71 | - | dB
BI_LF BUPHZEME, SiE 2&3 | (Wi E=+/-2MHz - 72 - dB
{# fE=+/-10MHz - 78 | - | dB
T NI S
P2 TR 13 e K LNA 235 - +55 | - | dBm

=
=T A R A
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20MHz
BN PN A BB 1
IP3 HF AT R EES | &K LNA B Gl ) 11 |- | dem
- m T A IR ¥ %% | LNA 925 G2, {i 5dB R
- -6 - | dBm
1MHz 1 1.995MHz | &
BB 2
BN PN A K LNA 25 G1 - -22 | - | dBm
IP3 LF TR B35S | LNA 18325 G2, 2.5dB REE | - -15 | - | dBm
- T A R Y AR | AR 3
1MHz #1 1.995MHz | Kk LNA #25 G1 - -15 | - | dBm
LNA 35 G2, 2.5dB R | - -11 | - | dBm
2
BW_SSB | HLIfEIEEN #8117 %8 | ol dmfe 2.7 - 5 | kHz
0
IMR BRI HHESmT REEZ 3dB - 50 | - | dB
IMA BRI, - 57 | - | dB
DR_RSS I AGC J53) e /ME - | -127 | - | dBm
| RSSI Ah&EH Bt | - | o |- | dBm
* RxBw=83kHz (#.# %)

i RxBw=50kHz (4 7# %)

ok RxBwW=250kHz (447 5)

2.5.4. FSK/OOK HER K EHHI

x® O LRV

RFO 5|4y 50 Rkdl | w] 25 3k gmfz
RF_OP | f1#1 RF ftIh&% A | - | +14 | - | dBm
(B3 PA) w/ME | - -1 - | dBm
ARF_OP | RFO 5| il RF i I VDD=2.5~3.3V | - 3 - | dB
VvV et S W R B VDD=1.8~3.7V | - 8 - | dB
PA BOOST 3| i .
- w1dB K gmfE & - | +17 | - | dB
RF_OPH | 50 Wt sk R 4y | - +dB 2Kt B.f/jﬁg o de
MR (Falk PA) =
RF OPH | PA BOOST 5| F | .
- iy o S - | +20 | - | dBm
_MAX | RF g am | g
ARF_OP | PA_BOOST 5| I
- - VDD=2.4~3.7V | - | +-1 | - dB
H V RF B D& Aae vk
BT 1, 2013 4E 9 H
©2013 Semtech Corporation FE17 W www.semtech.com
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b HE 3 B
PA_BOOST 3| i I
ARF. T RF % ohR et | M T=-40°C 3|+85°C -+ - dB
I L P 3 B
169MHz, #iE% 3
10kHz fw# & | - | -118 | -
= dBc/
50kHz fRfe & | - | -118 | - Hy
400kHz fWfe & | - | -128 | -
IMHz ffs& | - | -134 | -
433MHz, ik 2
10kHz fw#& | - | -110 | - dBe/
PHN RIEM AR e s 50kHz fmfs& | - | -110 | -
= Hz
400kHz W& | - | -122 | -
IMHz fm# & | - | -129 | -
868/915MHz, #iEk 1
10kHz fw# & | - | -103 | -
o dBc/
50kHz fRfe & | - | -103 | - Hy
400kHz fWfe & | - | -115 | -
IMHz ffs & | - | -122 | -
KA HLAR S 18 Th R .
BT=1. MI&=%M1EM EN 300 -3
ACP (LL 25kHz 1w #% & A W AFER - - dBm
e 220-1V2.3.1 7
&
LIS o T &
TS TR ji%ﬁfﬂéJDCLKﬂ% N <= A i 120 i US
- TR R A T TR PaR-amp=10us, BR=4.8kb/s

BITHR 1, 201349 A
©2013 Semtech Corporation %18 T www.semtech.com




;1 SEMTECH SX1276/77/78

2.5.5. LoRa" iR A S

FRAEW T LoRa™ MR ik 4% AR SRS o BRAE S AT U0, BRI AR 61
o HJEHE=3.3V

o HRE=25°C

o SRIRGEIIE (fxosc) =32MHz

o A% (BW) =125kHz

o FHIRHF (SF) =12

2R (EC) =4/6

wHE (PER) =1%

A TURALS: (CRC) FHa

A4 R v )t D) % =13dBm

kK =64 75

PR E=12 NS (AR BN 77 F K /2=8)
G U YR

*

*
*
*
*
*
*

%= 10 LoRa M HI 1S

HE% 2&3, BW=7.8~62.5kHz | - 11.0 | - mA
B 2&3, BW=125kHz | - 115 | - mA
B L7 LoRa™ B 2&3, BW=250kHz | - 124 | - mA
IDDR_ B R 6 FiE 2&3, BW=500kHz - 138 | - mA
L 7 LnaBoost;%m 3B 1, BW=7.8~62.5kHz | - 99 | - | mA
i 1, BW=125kHz | - 10.3 | - mA
i 1, BW=250kHz | - 1.1 | - mA
#iE% 1, BW=500kHz | - 126 | - mA
REHUEEX T B JE | RFOP=13dBm - 28 - mA
IDDT_L .
- | R RFOP=7dBm - 20 - mA
IDDT_ ksﬁnﬁcﬁfﬁﬁ K PA_BOOST 5| jiil
HL CEN S I RFOP=17dBm - 90 - mA
A
PUpHZEE, f# & =+-1MHz 89 dB
BI_L EA (CW) T4 | Wfe E=+/-2MHz - 94 - dB
s fw#% E=+/-10MHz 100 dB
TR
NI M S f2e
P2 L 2;@?5&;;; 5k LNA 14325 - | 455 | - | dBm
20MHz
NP3_L_ | =M NAuL & BB 1
HF T 55 | 5Ok LNA 25 G1 - -11 - | dBm
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SE T ARG 2L | LNA #9325 G2, 5dB REUE - -6 - dBm
1MHz #11.995MHz
=i AR S
IP3 L ﬁﬁ&iEh‘f?%ﬁﬁ AEL 2
P Eﬁ%im%fﬁg A LNA 125 G1 - | 22| - | dBm
ESRE| ¥
LNA #8125 G2, 2.5dB REET | - 415 | - | dBm
1MHz F11.995MHz a R
RF REgE, Lora
iR, HALNA X | SF=6 - -131 | - | dBm
RFS L |# i Bt | SF=7 - -134 | - | dBm
10_HF | 1LnaBoost, Xf4 | SF=8 - -138 | - | dBm
2 Rx/Tx #1%, | SF=11 - -146 | - | dBm
10.4kHz 555
SF=6 - | -122 | - | dBm
RF REE, Lora
St Bk LNA SF=7 - | -126 | - | dBm
o " | SF=8 - | -129 | - | dBm
RFS L |#& s B
— SF=9 - | 132 | - | dBm
62_HF | 1LnaBoost, X M4
B Rx/Tx &% 4% SF=10 ) 135 - dBm
62 BkHg 5% " | SF=11 - [ -137 | - | dBm
SOCRLE SF=12 - | 139 | - | dBm
SF=6 - | -118 | - | dBm
RF REE, Lora
St Bk LNA SF=7 - | -123 | - | dBm
RFS_L |~ ;L SF=8 - | -126 | - | dBm
125 H | ™ 7 lgEg - | 129 | - | dBm
- 1LnaBoost, X%
F 5 RuiTx B SF=10 - | 132 | - | dBm
oSty 15 "7 | sF=11 - | -133 | - | dBm
R SF=12 - | 136 | - | dBm
SF=6 - | -115 | - | dBm
RF REE, Lora
St Bk LNA SF=7 - | -120 | - | dBm
RFS_L |~ ;L SF=8 - | -123| - | dBm
250 H |™ 7 " lgp=g - | 125 | - | dBm
- 1LnaBoost, % H 7
F 5 RuiTx B SF=10 - | -128 | - | dBm
ROy 1% T | sF=11 - | -130 | - | dBm
i SF=12 - | 133 | - | dBm
SF=6 - | 112 | - | dBm
RF REE, Lora
St Bk LNA SF=7 - | -116 | - | dBm
RES_L | .~ ;’ SF=8 - | -119 | - | dBm
so00H | 7 P lgE=g - | 22| - | dBm
- 1LnaBoost, K H 7
F 5 RuiTx B SF=10 - | 125 | - | dBm
S 00Ky 1% =l sF=11 - | -128| - | dBm
i SF=12 - | 130 | - | dBm
RFS_L | RF R#B(SE, Lora| SF=12 - -148 | - | dBm
7.8_LF | Bz, 5K LNAE | SF=11 - -145 | - | dBm
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75, M 2 5 3, %
43 58 RYITX 4%,
7.8kHz i 5

RF R )E, Lora
3 j‘ﬂﬁf SF=6 - | 32| - | dBm

RFS_L | FEtEa, H K LNA
0 F | ma s | S - |36 | - | dBm
- | SF=8 - | -138 | - | dBm

10kHz 77 5

SF=6 - | 123 - | dBm
SF=7 - | 128 | - | dBm

RF REE, Lora
T SF=8 - | 31| - | dBm

RFS_L | #&3K, H K LNA 1
62 LF | 25, %iFr 3,62.5kHz | o > - | 134 - | dBm
- iy PR S B SF=10 - | 135 | - | dBm
R SF=11 - | 137 | - | dBm
SF=12 - | 140 | - | dBm
SF=6 - 121 | - | dBm
SF=7 - | 125 | - | dBm

RF REE, Lora
T SF=8 - | 128 | - | dBm

RFS_L | #&3X, H K LNA 1
125 LF | 25, $i 3, 125kHz | > - |31 - | dBm
= | RS SF=10 - | 134 | - | dBm
R SF=11 - | 136 | - | dBm
SF=12 - | 137 | - | dBm
SF=6 - | s | - | dBm
SF=7 - | 22| - | dBm

RF REE, Lora
R %1 sF=s - | 125 | - | dBm

RFS_L | &K, K LNA 1
250 LF | 25, #iE% 3, 250kHz | o > - | 128 - | dBm
- | RS SF=10 - |81 - | dBm
R SF=11 - | 133 | - | dBm
SF=12 - | 134 | - | dBm
SF=6 - |2 | - | dBm
SF=7 - | 18| - | dBm

RF REE, Lora
L @1 sF=s - | 21| - | dBm

RFS_L | &K, H K LNA
500 LF | 2%, #iE% 3, 500kHz | o > - | 124 - | dBm

fm. s 7 N ’ V4
- | SF=10 - | 27| - | dBm
R SF=11 - | 129 | - | dBm
SF=12 - | 130 | - | dBm
SF=7 - 5 | - | dB
FAZ SF=8 - 9.5 - dB
CCR L | — CW f55%=| SF=9 - 12 - dB
Cw REZ+6dB SF=10 - 14.4 | - dB
1%PER SF=11 ] 17 | - | dB
SF=12 - | 195]| - | dB
CCR_L | Hf51&E 0 FHIR K H [FIFE BW il SF -6 dB
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L ] LoRa™ (5%
Pw=R /% +3dB
TN TS T O R
BW_Lx1.5, 1%PER, H—
ACRL | ... N
ow SRRk CW (55 & =REJZ+3dB
SF=7 - 60 - dB
SF=12 - 72 - dB
IMR L X 1%PER, H.— CW fE5%=
- S S G A - 66 - dB
ow WEHE J5 B A5 P ) = i +3dB
KIENLS BN 2
B30 R AwFs i K2 | T BW, +/-25%BW, PR +/-25 aw
PAE, TREUES | Bk (L) %
FERR_ | ft, SF N 6~12
L ST T— -
?ilim]ﬁﬁgmi' SF=12 -50 - 50 ppm
T A0 A 7% B K 2% _
SF=11 -100 - 100 | ppm
B, ERBELE SF=10 -200 - | 200 m
fk, SFJy10~12 PP

2.5.6. B FEHRE
FRAE R E U, 2N JEF=25°C, VDD=3.3V, FXOSC=32MHz.

*x 11 HEHE

e R Eain mAME BAUE BOKME B
Viy %éiﬁ)\% 0.8 - - VDD
Vi i{iiﬁ)\ﬁ - - 0.2 VDD
Von fgiﬁbﬁ% Imax=1mA 0.9 - - VDD
VoL fgiﬁbﬂ& Imax=-1mA - - 0.1 VDD
Fsck SCK Hii % - - 10 | MHz
ten %SZ(;;‘EH'% & 50 - - ns
Lo f;;;fmﬁ & 50 ns
trise HSHLCI:‘; LI - 5 - ns
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MOSI &7

tsetup HTJ“ I‘ETJ @ \ }J\ MOSI BEE’Hﬂ@J SCK J:j‘HTDL 30 - - ns
MOSI %+ .

thold . i M SCK _EFH#E] MOSI 254t 20 - - ns
NSS # 57 . .

tnsetup ij_ IET‘I 2 H\ NSS TB%/%?U SCK J:ﬂ'yﬁ 30 - - ns
NSS 4 ¥f | I\ SCK R RINSS EFHE,

thhold N FURTN 100 - - ns
N (] IR
SPI i 1]

thhigh & 1) NSS 20 - . ns
5 LT )

T _DAT | DATA 4

- NN 250 - - n
A ST ] S
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3. SX1276/77/78 J¢it:
AATXS SX1276/77/78 RHMKITHFE . WO R B M ThRE ST T EERUA . F K2
SX1276/77/78 1) faitk 5 HEK

o 0 | | K
[} Regulator \I/EI o
soost [} q q (1
|
- | : 320
_— oo

4SX1276/77/78 [FEEFHHE/E

SX1276/77/78 j& — X TAL 4 AR SISO R 2 . FLRUS ) S 4045 = 1 e ai i (IR A5 T8OK
# (LNAD K. N T3 IR D AN S, LNA A v Bl #5, 59
WA B2 T, DABGE 56 MRS EAN Sl . 25, & S8 NS P AF) 4
FEFIER (1&Q) 155 . B H—%F Sigma-Delta ¥ #3s (ADC) BFATEIEREH:, BTy
J& S 5 A B IR R AU AT o BT IRSHIE SR B AERE (AFC),
WAE TR (RSSD K HIMEEERH (AGC) EIhEE, TS EFaE (TLS) KM
AR R DR TT T R A5G AR .

B A A NI R S HUAE AR 88 (LO) HiR, —FEHBEM (UHF) K40
B (KT 525MHz), 7—FiE s UHF S (5T 860MHz). b4, N1 Sil - i e
FR AN B TR) AR F [ SRS HERRA T, SX1276/77/78 iEXFBIMHIA (PLL) #HT T4k, 7
g AR, DR AE PLL A5 8 b T AR ] . PLL 38 v] DAde B P LURFR EA T
TpEN:, AP s Al B

SX1276/77/78 T T = ARSI R BORES . Hrh P44 5 RFO_LF Ml RFO_HF
G ERE, BegSLIEIA+14dBm KT ETBCR DI RE « XA DA TEORER A B0 i D3RR
BEAT R R, DRI T R i — X TR 28 5 X R PR S S S L N\ o ELER AR, AT
BN R B = A0S R A B8 =N Th RO A 5 PA_BOOST 5| fiiddz, fefigidid &1
DC T o9 2% S B ik +20dBm (1 D)2 R DI fE . 5 s RO SR AN F )2, XA mfa e )
HETPOR A RS 7 75 A A A 30 1) P A A

SX1276/77/78 iR A& A EN HEHE, — 4 RC IR #5 LA — 32MHz 1 s AR % %

ST AR SHLR TS EESHIY v IET — SPI S0 HHTER S, @iz 0iEn]
PLUj ] SX1276/77/78 I B 2F 785 « % A4S — MR BN E 88, AENS LSRR 53 15
B A SX1276/77/78 11 [a)iz 47 15 XA 1 4% B RS 1
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SX1276/77/78 iGLHC % 7 bRt FSK b AR s AT iE 254 41 (LoRa™) IR 2e. R4
HesE R, W LLSRHIAE S OOK B, FSK R i3 A BY LoRa™ 47 4 1 77 =

3.1.LoRa™ {E%IfR 2=

LoRa™" 1 il g il 45K F LRI S B AR . S G0AHIHARMILL, LoRa™ wT LA Nk i 7l

SRS A TIRIPTTYERE ST RIS, B0 13 SRR HESR & 4% (AR R IR ZESR - AT
REWS AL FEAR R GUA [ il B3R miPERE. A% SX1276/77/78 BLit & MIZITHIE X5 S,
WS AT 4.1 7.

3.2.FSK/OOK %IR58

TEFSK/OOKH# N, SX1276/77/787] LLZFFOOK. FSK. GFSK. MSK X GMSKZE b itk i
BIFAR . TR TR 3R N B TAFCIIRE, SX1276/77/78 I E A T 4@ 5.
H RFSK/OOK A HIfE A E 25 R, ES AR FM4E.27,
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Vi
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4. SX1276/77/78 BrFH
4.1.LoRa™ IR H 2R

LoRa"™ i il % 1 &% R F 3 S B AN AT SRR . 5 & G FSKBOOKIA I HARAALL, X
FHECRAY KT TCL B TVE B 10 8 i Vel 1 ELIER i 1 BB B i k. 3R W 1 il
JUPH B & AT LA LoRa ™ i il fft Y A3 1 B 1 — S8R o T T LA o i R SRR A
R Z A TSR, TR T8 o5 L Bl R SRR U G DL T [ A 2 5
4 BT

&k 12 LoRa'" iFEIAF IS IEEE R (868MHZ £
#weE (kHz) ¥ HREF iR WHRLLEE R 8 B SEHX

(bps) (dBm)

104 6 4/5 782 -131
12 4/5 24 -147

TCXO
20.8 6 4/5 1562 -128
12 4/5 49 -144
62.5 6 4/5 4688 -121
12 4/5 146 -139

XTAL
125 6 4/5 9380 -118
12 4/5 293 -136

EE HRATTO2.5KHZ Y, B EIITCXO (ENBIFEZ A, LA (L THIR )
A BT B NS

T IR THEK, AETEN G, IR 225 AT s e T R 18 sy 275 el &k
ICEEE T s IS THF I ORI

BEXTRRIAY ST, HiRs R 5I8] T ERC 70-03% AT H B L VR RIS IR A 220 BEXFSE LSS, W]
KA, AT ZELORa ™ il it v # I- SEl ™ ARk S B A9 S A2 1 1 BhAk

LoRa"™ il il g Vi 345 (1) 57 — AN L B2 AU B SR H M. X B IEGMSK T #1455 (1)
ik e 15 5120dB . UM X4 P, FTEALoRa™ i R G A AT LU F 4
i IR A OB, I n] DU TR Sl iR 4%, DASEAE 2% o J5UA R ) 5 58 R IO K7

4.1.1. FETLoRa™VHHIEEER KT
4.1.1.1. #A
LoRa™ i i g i &% (AL B L Il A TIXREACE, N F B R B % 17 2 RegOpMode,

R il A A S ) 72 U 25 D7) 45 i LoRal! i At 1 4% . IEi?EﬂJ%F%%EEI DY RS (Hﬁl
I Ew "Fi&ﬁ,l XFERESEHL 1z B A A e 0 SRE A B vHE X FSK B OOKGf il 52 K

LoRa"™ i ] 2 1 8% R FA L5 MBI R AL I, g ST B SRR 2 dm B 45 &K
M 1 BE RS TR AT P

BT 1, 2013 4E 9 H

©2013 Semtech Corporation 26T www.semtech.com
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;1 SEMTECH SX1276/77/78

N e = i

SPI Ifjerface
Lora FIFD

> -__Cmmm\
FSK/OOK Lora
FSK/OOK and Lora
FSK/QOK Transcelver < 3 FSK/OQK FIFO
Lera Qnly ™~ d
TLS
FSK/OOK Only

Config Registers

SLoRa™ jF#/AF G E 1%
R SR T RIEAEE BB R H,  LoRa™ R il AR R A% AT S R X0 1
EEMFIFO, 1M BAE A PR s Ry vl 38 i SPIH% 117 1) i%38 18 . % 5E LoRa MR i X
Z )G, BEFAFATSX1276/77/T8H ML % R LA . AR T i F IR 5¢ R AR 10 ) 41
T, BB WASCEE6 T KT A2 A .

BEXTRFE BIRSLH , vt Iy A e AR | R ) o S A B S R = AN R S
Hot LoRa ™I AR B AR HEAT R AL . XTLL%?‘FEFWLWU%%ZE, ATTERE R TR T
THOME MG o5 B R bR e i AR 2 [R1E 2P

4.1.1.2. 7 HIAT
LoRa" ™3 $liffl il B AR FH 22 AME 2D B RARE A B 38E B AL . 3 91E B R %

RN SR (Rs) , MY Fr IR SRR 53R Z 18] A LU RO BN 7, KRR
AME EALRIE R FF S HRE . LoRa™ i i A U 25 sy S5 1 (i BB 9 B L T 2%

*x 13 T HIEFEEERE

¥ HET ¥ HRET LoRafi# a4
(RegModulationCfg) (B 175 fEHEEL (SNR)

6 64 -5dB

7 128 -7.5dB

8 256 -10 dB

9 512 -12.5dB

BITHR 1, 201349 A
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;1 SEMTECH SX1276/77/78

10 1024 -15 dB
11 2048 -17.5 dB
12 4096 -20 dB

R FONARY KT (SpreadingFactor) Z[HNIEAT K F, [RIH DA ZHE B 3R 0B 2% K
vt AR SR o Ak, B AGREI B N v S e b . TR U E R LR TS
SHEEIE N, X T LoRaIE LI RIEE . FERS TR A 78 T Vi

¥ WiEF6

LR T SFON6IT,  LoRai il fif i 2% i) At AL fn ik e e bk, PRI IX — 47 4 R AN AE RS 18
TR . N, FEIESX1276/77/78 % /7 4% Lk T LU R JLIX & -

& {ERegModemConfig2H, ¥SpreadingFactori% & 46;

o Rk B AR

o TETFfFAMIE (0x31) [2Z 04775 N0b101—1H:

o ETFLEEHNE (0x37) HE5 AO0XOC—1H .

4.1.1.3. HiE#E

i AR R G EE,  LoRa™ i il A Y 35 R PG B 21 B D HEA T 1) S AG I 5 2
B AR mID 5, SRR . RS A AR A T .

® 14 EH LI

AL ZE (RegTxCfgl) BRI

1 4/5 1.25
2 4/6 1.5
3 a/7 1.75
4 4/8 2

FEAAETIRIEI T, AT REA B R T 5. dtt, it (RPTTIrkne
R DAREAE {538 26 1 B A AL T A A ——nT AR FRAERR oI G it 23 DU B S im e W e - 47
KLoRa ™M fu K ARKIE 25 8, 15 N4.1.1.675.

4.1.1.4. 555

BEINAE 515, AT DASE e RO TR DA e A S 8, (ELCRE DA AR 70— B RN
Rre R, 2 HE SO0 SOV o5 F i S8 A B — € IZ00R . FSKIE i if 1 4% 13 (1 96 =2 45
B B, T LORA™ Y i AR U 2% o R i B DU R UL A B (B A R I
LoRa™ il f i 44 MMk % (W.2.5.5%5) a7 752 BURTE LR 17 58 16 .

%= 15 LoRa # & &L
#H%E (kHz) ¥ HEF 3 PR AR (bps)

BITHR 1, 201349 A
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12 4/5 24

12 4/5 37

12 4/5 49

12 4/5 73

12 4/5 98

12 4/5 146

12 4/5 293

12 4/5 586
12 4/5 1172

HEE . BIEAIEE (169 MHz) A~ 3% /#250kHz AB00KHZ /977 77«
4.1.15. LoRa™MALERHHKZ

BT AT AR OGS, FATTRT DU LA A 5 LoRa ™5 R

HApBWHRIR WY, SFRRY PR T RIXESNEUEES. [, SRR 0E—4
S F o

4.1.1.6. LoRa™# #1441y

LoRa "™ il fig 1 2 K F b ORI R B s 00 oy, RABER MRk B, £2
BETEL WS R SR SRR O A URESS (CRC) &FE. Btk
TH.

LoRa™ ¥t 4 45 LL N = AN 43
o QTS

o ARG

o HUERE R

BITHR 1, 2013 £ 9 A
©2013 Semtech Corporation 29 W www.semtech.com
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nPreamble Symbols nHeader Symbols
Preamble Header CRC Payload Payload
(explicit mode only) CRC
CR=4/8 a CR = CodingRate

6LoRa™ g 1251
Bl 55

AP T ORI S MR R D . BB, B8/ 12055 K ET
S, BT FKER /T UEd wmiER R E AR E, BrCART SR DY . i, 78
PSRN T, R T Rl S 2 b, AR AT SRR R . AR, TSRS R At
VR vT L 2 P d w7 oK o ) T B AT 302 [EE A IR 0L, nT DU AT S0 25 A7 2%
K B % B 7F 6365536 2 [A] K A8 R IE AT SRS K B, bR A& T S K E L H N 6+4 52
65535+4 M5 . XAE LTk vl DUAKIEAE = KT 365751

BB 2 5 IPAT BT P RAS I . DAL, SRR AR B NS RS HL— B WR AT 5K
FERARFNER] B2 R AEAA, RO RIS AR5 K B B D f K AH

ek

MRYE P B B AERE =, v DR PR ik . 7E RegModemConfigl % 17 %% I, 8l % E
ImplicitHeaderModeOn i i% £ S 2574

AL R BB ER 0, R AT, kB AR E R, A
o UDLFENEERRIA RO K

o HIRAAERD R,

& ENRTIFAIER16/7 713 CRC.

kIR IR RS (418) Kkik. H4h, kBB HEMCRC, (LT LLEFF TR
SHE S

ERFERBOT, WREMAEKE. WmSELCRCHE e, WA ki
Tt FH B i S R 4 R R B I TH) o IXFRIF LN, 75 T3l v B O 2R B P i 1) A8 S B 2
K. #iRgni % & CRC,

TR WIRSGH SR TSF 846, W GEEM s 20 R A2 o

RS E R AL

BITHR 1, 201349 A
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P37 0 R 2 e o 50 P 38 B T T g A, TR T DAk 38 7 500 0, R 26 R 22 WA [ 2
AR SRR A B I . A R R KA, T T LowDataRateOptimize i 42 &
LoRaFE it &M . M BARF S AL (ML 162801, 24 20f# FH LowDataRateOptimize
fro MR REHUAIEERHLI LowDataRateOptimize i/ % & 24 2 .

BRSAE

Hlla WA BB — DR E R 7B TSP L ATZ S 4 i A CRIN o 2 AR 1
kg e B AU T E R AR I ERRE. 5h, I LLEFEA BN EE
CRCH% . A KA BB TE 2 A5 BT AFIFOBUR 27 $E UA R, 15 W4.1.2.37 .

4.1.1.7. 1EHHTH

MR CHT HH T (SF) 4% (CR) RAE54 9% (BW) , Al LMERI LR A5
B LoRa ™M (LI S AL 1) AR R SRS E L, T LARZS 5 A A SR

LoRaX%irtfa B i 8] 55 - /i A S [R) AN S G A% dan e 18] 2 Ao AT A5 AR BE mlad i BAR 2 3t
B

425)T.

sym

Tpreumf?!e - (”p»'eambfe*

/E\: EP ’ npreamblei%% [ &E Eg ﬁﬁ ‘TEIF @'KE ’ /ﬂ\:'fﬁﬂ% Q %ﬁ%&i E]/‘] RegPreambIeMsb *D
RegPreambleLsbfy . A % kit 8] By T Bl A 10k =, nr PUEE BL R A XA R
HEIRF T EL

8PL — 4SF + 28 + 16 — 20H
4(SF — 2DE)

payloadSymbNb = 8 + max (cef! ( ) (CR+4) ,0)

AR SRS BAAS L.

o PLEIRA BB 714

& SFERYHRF T

o AR, H=0; WAL, H=1,

¢ YlLowDataRateOptimizefi % & N1if, DE=1; #NIDE=0
o CRFERYIGZE, BUEIEHIN1-4

A RIS 18] S5 175 A St AT S AT 5 2
T,

payload = payloadSymNbTsym

A ) mCAHE 0 I T S5 T3 A I TR0 A Rt e, TR AR

BITHR 1, 201349 A
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Tpaﬁ'ker - Tpre’amb!e* Tpa}.=frmr[

4.1.1.8. LoRa™ ks

2 BN KR B N ) W B R T A DRI SO VR I B KAS T A B I TR, — SRR Bk AR R

(FHSS) . XMHEHLAESRE H o W, 56EFERAH902-928MHz ISMAREL, T H ik
AR . N TIEIFFHSS R4Sk, 7] LUK %7 47 45 RegHopPeriod (] FreqHoppingPeriod
LV B ONAEEAG, AT T LoRa™™ 8 il it 8 2% i e ik 2K, o

BefelRE

FHSS &I TAR R A: A LoRa ™ 4l 4 11 5 73 P 7538 i 70 % 1 2 MC U B 1 4515
) 3R IR BB AT A% . TETUE MBRIUR BASE R 2 I, R STHLAERISCN L) 46 21 Bk
BT XHNRPE) R — MG, DUESSRIERBICRIE AR~ oW &, T fFEN
F) 55 BE 5 7] F FreqHoppingPeriod W iE, 75 5 K (R 38 5 1 .

HoppingPeriod = Ts X FreqHoppingPeriod

BT R 16 BSOS FR UG T8 08 0. B FASFIR L 1 e fE B 180K 1% . BRI 4h K% B e,
fGIE T4 (FhssPresentChannel, fi 7% ff#tRegHopChanneD) B8N, J/ Ak
&5 (FhssChangeChannel) . @WAZi7E Bk HH P 150 Bnae,  DAORIE T IR BRI 278 25
R, ZJEREBE N1 Ei{ES (ChangeChannelFhss) JEER .

FHSSHGE ¥ MWEIEOIT 4G . A RUHT P e ), BTG BRI R .
AR IRCRCRCR AR, L2 A 3G RAZIEOI EF T a6H R S A%k Il .

fRIE S HTH 8]

HRRIS, ERECEEIE N i {E 5 FhssChangeChannelt 27742 . N EER 1 BT
R

BITHR 1, 201349 A
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Preamble Header

HoppingPeriod TRANSMITTER

FhssPresentChannel Channel 0 ' Channel 1 Channel 2 Channel 3

FhssChangeChannel ‘

FhssPresentChannel Channel 0 Channel 1 Channel 2 Channel 3

FhssChangeChannel

& 7 BSTIE T R TOAT e BB 5 S
4.1.2. LoRa™¥zxE:nDO

LoRa ™A%k s = Fifi 74 1, $AME FER. WSS ERLE A FIFORIESELE.
X G B IR AT i SX1276/77/78 11 SP I T H3E4T 1 ) FEFh A A A I B ARG B E LR 3.
6.4 5 T BrE nl @ SPIVT n) ) 2 A7 2% o

4.1.2.1. LoRa™ & #ir#

BC B 7 A7 a8 o] OB SPHE O U5 M) o ZRA7 s (AT 1 e B CEAREIREL ) FIymTse, =
NERESYERN TS, E0E: FLoRaMER T, HITHLEFLE (TLSER) &
W], MBS R34L %38, LoRa it B 25 17-2% ) ) 5 7E FSK/OOK A 2 T /& 14
FEff . Wi T RFSKIOOKAILoRa ™M AL HI (A R A3 17 B M ThE, BB HA LR TS
AT 2 CGE5HD) .

41.2.2. KEFFH

RS B AR 17 I A2 PR LIRSS B
4.1.2.3. LoRa™ #AFIFOH# %77

/5%

SX1276/77/78HL % | 2567 1i FIRAMEMR 2217, %A+ X it il LoRat AT Ui [ . RAM
X CPLRFRNFIFOBRZZ A7) mILASE Al F - i, FH T U5 I 20 i B8R 38 1R 254
LoRa™FIFO¥E 2247 W il i SPIE 97 1] . i1 7 2 L IFIFORUE 22 A7 Wi 55 2 W R K
XL FIFORE G A7 IR AT 5 B S5 B SR A AR G BB, BB N2 Ab, 7E AR T

BITHR 1, 201349 A
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BRIk EVIHEIBIEREORE AN, B ASEERIAA R,

Lora Modem J::> RegFifoRxCurrentAddr |:> H

_ L] sm
(—— FifoAddrPtr <,— Read / Write

FifoRxBaseAddr r_>

FifoTxBaseAddr |—>

& 8LoRa'™ #7E4E7%=
BIERHE

FIFOXIE A7 A X B, PR v DATEGRAF PN R B A7 ol ZE AR AR (S B AT
#%RegFifoTxBaseAddr B #fiFl & | 1Al 2 RIA G BRIGALE . FIFER, HeEicilE,
717 #yRegFifoRxBaseAddrth B7R T #US A E i 5 N A7 LI AL &

BABO N, L E, PMRIE—Frn H WA TRx (RegFifoRxBaseAddr#i #1461k
ZHhEox00) , 7 Ah—FKIR] F A7 T Tx (RegFifoTxBaseAddrili #4614 2 Hi1iE0x80) .

SR, % T FIFOYURE 247 B A MR, T RIRX AL HE 7] PAZE 256535 1) I A7 X N 34T
wWH. BN TEFIFOFE R BMSI B E . T 70 FH FIFOHUE 2247 1 A7 i b 22
Rk BRI 1A], AT LAE 3L i RegFifoTxBaseAddr Al RegFifoRxBaseAddri% & N
ZAFEHAE (0x00) , MG BEANFIFO R 28 A7 K& i s e = R Al .

AR s BOVEIRARE U, FIFORE S AF i 2. (AL, AERENRAE SN JE ik Ui M FIFO X
GEAT o ORI, s E D) EILoRa ™ iy HA R ML 2N, FIFORAR S 47 i e I (e A3 22,

DR T 42 A F) B30 B 7 2 ) e 00 2 e e 0 0 i AR B 2 5 m] AR 25 o 2 — 4B Bt e
FNCH N GAF e, FIFOSHE A AR BATIE D (BRARSHT 0B BV IEIR AR 2O

JEA R, i R R X e

T SPIFE MR EL S N 2 /1 50 I FIFO %85 22 47 ¥ e H Huhik 45 6T RegFifoAddrPtriE 3.
I, TR ARSI S N A R, DA Z IR BRI aa 4t 5 B ) S bk . INFIFO % ¥
A7 (RegFifo) BBV BLMFIFORMR A7 5 NEE f5, Hihb4g4tK B 2h381E .

BITHR 1, 201349 A
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1 5 Th 58 BRSO RN, 2517 28RegRxNbBytes£x & SUA% 5 N B 1 T o5 G247 50 K
/No ZifE#sRegPayloadLength ) i 7s i AR HdE oI o F 2247 50 K/ o FERR R ki =X
T, 217 #sRegRxNbBytes & TRk, [RIA LI A R 3875 Bods 2 S . 1 76 2 20k
ST, HURGRAE X 4] 46 73 18] 5 Bt B S 4 Sk A #5230 K R — 8. A A7 48
RegFifoRxCurrentAddr 7 i 5 # W Bt B 7E FIFO B s 22 A7 vh AF R A B, PR a4
21774 RegFifoAddrPtris [ 25 77 #sRegFifoRxCurrentAddr, HJJ a] 544 35 BUiZ B0 60,

i BRI BIECRCIER, I Sl 2 s B # & S AFIFORUE 2247, XFERT LALL
PP 2 86 e SCH 7 AR B AT IR 20484 s, Bl e, w8 a
T PCA RN GEAF A5 N0], E R dafs SeAr Al AF (10350 0 AR e

4.1.3. LoRa™iA#IEEREREER
4.1.3.1. ZFEFHECEH

FEzLoRa™Hi R (R B RegOpModeffiLongRangeModef) &, Hitml LA Z & LoRa i
fE R A RS . BT IR LI ThRE AN 25 A7 25 U Il 0 B B 0 o2 I B AE B, PR LT3R

% 16 LoRa'™ fEr/EEtIIEE

B ik
RIFEIE R . FEX AR T, (N SPIFIEL B %725 7] LLiJi 7], LoRa FIFOA

REEARAR X REVT I
R, XM SRVFFSK/OOK 3 5 LoRat 0 ) 4 (1 A E A X

R A PR ARZ i FLORAZE Hy AL HAR T J , 17T S 400350 70 AP LL I 5K A

ESTxiizt R —Fh T R SRR A B R o 3 5 R ST PLLAL T80 IRES, HFER
AR EARFREER . S e .

A R —Fh T U AT R A R o 3 5 AR PLLAL T8 IRFS, HFrER:
WO R IR IR . SRR 4o A

- XRS5, SX1276/77/784 4T H K% T I FT A i $THF Th %
KA (PA) « RIEEHRA, FHUJR R,

RXEAE AR XA S e SX}276/77/784%%T TRE AT TR T A BB Ab T
B HEE, BRI R ER

RX sk KRR MBS G, SX1276/77/78K 4T I F T A R, B
B AT AR ERHOIRZS . B S DRI A LA R

CADHER, ECADREEN N, BRI CAEiE, UG TILoRam S35 5 .

Hid 45 FRegOpMode ZF 72 ME, AT DAMAT B —Fii s U 1) 5 — A X
4.1.4. FRKE

B RA R AR T

BITHR 1, 201349 A
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F _ FX()EC'
STEF 419

=

N W ELOMAE, WAURA LT 27 4%

Fri e PR 2400 5 A7 8% . LU N A ER TR 5o fFas W B Z 1K &
Fpp = Forppx Frf(23,0)

4.15. LoRa™iAHIfEREHIRESHFF

FOCVEARHER T A LoRa™ i il U 3 2 16 R SCHUR 16 PP 81 R4 T JURLERAE 12 51 1 2
K.

B RIEFF5

FEFRIERE I, R R BERIE Bl BB I A 2 Ja Sh TR B . PLLARH K PAREER,
RPEAT MR Th SRR . 9 IR T LA [fILoRa™ K 1% 751 .

BITHR 1, 201349 A
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Mode Request
STAND-BY

|

Tx Init
Write
Data FIFO

I

Mode Request
™

!

Wait for »
IRQ
TxDone

v

~ Automatic Mode .
change i
STAND-BY

!

Yes No 5 ;
New TX? > ' New Mode request |

E 9LoRa'" iE#I L %/% 5
o AL E AR N A AR, FHUE R ERFSTXRE S 4 7 AV 1] .

o LoRa™ FIFO¥URZ M RAERHER TA RUTE AN,
o BN ARETXHERIENR, FFHEEUE K%,
o  —HSERBUERIE, W% ETxDone  Wiigsk, & EIFIFUER,

o JORBRAESERUR, AT LAT SR L v g 1 B S I NRAR S B T 17 FIFO R 2247 5 AN 5K
i, DMERT G FUGEAT TR .

LoRa & %EHIE B AFIFORIEERF

EURHAE R S \NFIFOBIR 2247, F P 4

BITHR 1, 201349 A
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ir s A e BEFM

1 #FifoPtrAddrix & ~NFifoTxPtrBase.

2 ‘¥4PayloadLengthi 5 AFIFO (RegFifo)

ek gl
EI102 /R T 7E 8 — JOE SR U E R 0T SR I LoRaT Ha iU 41 .

S
Mode Request
STAND-BY

R Init

pe— "N

Mode Request " Mode Request
Rx Single . RxContinuous |

Waitfor v

Waitfor -
s | 2 sy
IRQ IRC -
ReTimeout - RxDone ReTimeout - RxDone
- Automatic Mode ‘Automatic Mode
<7 IRQ
change change ~PavioadC - Yes
STAND-BY . STAND-BY LS ) e
i No
Yes -~ IRQ - '
<_PayloadCreError >
~ F Read Rx Data
l Mo
Read Rx Data
= Mew Mode request
R _,/'.
10  LoRa™ #/75Y
LoRatZ LA P AR Rs 1) TAERE
BITHR 1, 201349 A
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1. Bl
2. EEEFE
HI T PRI S S0 AN R RG], DRI fige ot o ) R A 22 ) 22 5 FE
H—LEWERIEBE A

FEXMMSEEC i il e 8 25 7E 25 5 (RN 8] & 1 N 98 R AT S0 o Gn SRAE S [A) B 1 25 RN R
FRBVRT A0S, W 274 RxTimeout PS5 I I AR HUBL . R & KR (A4S
i) HiRegSymbTimeout?r 4% 5E 3, L2094 CUR I ff IR 25 TR AT A5 B ) A A I 8] ) 31
1023755 o BRAEE NS WAL 8] & 1 AR IR S48, W27 4 RxTimeouth i {5 5,
ELRpYARPIE QIR IR Save

TEA BB EERS, WR B CRCIER, N4« ERxDoneH i 5 & PayloadCrcError H
Wifs 5. SR1M, BECRCTIERL, 3R AT LAEFIFOXE 2247+ 5 N B, LU 5 S:dk47 Ab 3.
RxDone =4 Ja, 0 P14 [ AL K

M RxDoneERxTimeoutH Wi{5 5 7= 4E 0, ATl fE st B3R R RPUE. Fik, Hf
TERAE A BIAR & DA SR RE LR A 2 HRX . — o . e A A R, RAd
FHRXZESAF I

ERXI—HIUT, HIBEIE )G, LRI OCPAPLLAS S, DAREKIh#E. mARW T

1 K FifoAddrPtrixt & NFifoRxBaseAddr.

2 HAEE AR AU EF SRS LT 7] 5 AN E 8

3 EEFERXE AR, W LS B B R A .

4 RSSO ZGT 305 . BRA AT TS, Blum B a5 V20905 0E o BE SR

P2 ) hValidHeaderH WifE 5 R R AR ikk G, iRl ik, Rk

e E, PARXxDone Wi E T . w)E, O HEIKERIRHIE, DU DIFE.

G B IR 7S 27 47 2 PayloadCreError,  DUMRIE R (6 B 3 i se 5 bk

6 WERBEERIEIEE, WNAZ B FIFORHE 27 s CIL R SO R 3L
FARIO o R JE LT AR BRSO R, N i FIERX R — R, A
F R A SRR ——55 W K SPIFR L (FifoAddrPtr) 2537 1) % 21 22 77 1) e E bk
(FifoRxBaseAddr) .

(&)

BITHR 1, 201349 A
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BB IRIERA

FEESRWR T, G S S RREAE1E, IS RET M. B0 23T S, #H
A 0 2 AE SO A B IO AT S R AT R I S R SRR R A ARG T — AT A

SR AT S ALK B I A7 2 RegPreambleMsbflIRegPreambleLsb % & [ Fili Tl (%[RG5S
JARAM D , WIRT S8 57, FEEFTFE T S R  (HIEX Mg R A S A Wibr &
5o —Rx# A, TEESERXAE T, M7= A B R Wi, &/ A S AR XA,
FH P L ZRAE T 4% 2k B85 R A AT 5 1) (R I LS B R 5 5 .

TR BRI 7 R IR S S ANBIR AF X . 5 2, R U TR AE
E AR R EE AT R E N AR, SR A S EE .
Ub, SRR A4S MCUL IR U BE SR B REAT AL ], DLRIEFIFORR A7 A it

TEESRUT, s B B 7 F T
1. 7EMEAREGAFLE T, EHFRXCONTE .

2. WRIBFRRLZ G, BT ARxDone 1, 5 — BHAL TRXCONTHELR, /&
—/MLoRa™¥ ¥ fu.

3. ta#PayloadCrcErrorbri, LAIGIERE (0 5¢ Bk .
4. GRHEEROPOERE, AT DLSEEFIFO%RE 2247 (WL R3O0
5. #HudiE CPIR2-4) WEHE, BEREMELL T AR B R .

TR T, T BEHE — MR R BR A B, #eE 2, Bifess) T
—/MRxDone s & 2§ U B4 17 55

MFIFORE ZAF R BUA 2 51 A

FMFIFOE I A7k &R WCEA . F P I RIEIRAS 7 /7 48 ReglrgFlagsH T ValidHeader .
PayloadCrcError. RxDone X RxTimeouts 1 Hi{5 5 R B AMERL, DABi R A BB s Th 2
1k CEPAR B BARTARED .

IR A R, MBI UL PR, RN EFSEE . M FIFORIE A K R 24 22k
s, R g

¢ RegRxNbBytes: F/xZIIAEN IECEUEI 714
& RegFifoAddrPtr: FEffikrid T LoRaif il i i s H s 8 5 N B s 484

* FRegFifoAddrPtri% & NRegFifoRxCurrentAddr: ¥ FIFOFE L5 A FIFO 4 25 17
R JE R BRI A AL B . T DL I RegRxNbBytes Y LB 27 77 2% RegFifo 41 1]
i, DA A R R .
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o ¥, WLLFI¥RegFifoAddrPirik & RegFifoRxByteAddrii 2:RegRxNbBytes#{i
OZARE N YT B BT 4G, — B MR SR A A & . v Dl
RegRxNbBytes i L a7 47 RegFifo 1 itk DAS B 60 /A 80 5 3071 o

E TR SAEEE e

LoRaif il i 1 25 R 3 -1t B 20 e B A s G . (HSX1276/77/78E1 3 Fi: T 3
BRATHT LAY 10 N B FR U P B e B - AT B ek € . T ST LA R A 41 stk A5 6k 1k ik
1T TR . HhbK AT B Beh N R e .

Bl Bt e ) IR Je B A AR RAE BRI AT R . Ry, R Fr 4 1)
e lmI AR S, DAEHE A L b ) 156 P 5 i

BT R L g R R

o  FREWFIRXDone {5 S, Biff4 Estart_addressH [fJRegFifoRxByteAddr[7:0]
AAERENE . SX1276/77/78[IRegFifoRxByteAddr[7:0] 75 17 &% S i 7~ HiLoRaf i
HIAR A 2% 5N A7 G — DR EE+1 (BUF — AN B ES AL .
i I X A7 AT DLARAIEAS B start._address i 8 T — AN A R A bk

o WF|validHeadert Wi 52 5, SLRIJFIG % i RegFifoRxByteAddr[7:0] %5 /7 4%,  FELZ
ARSI UR Y o 1% 27 A7 25 (10 109 B 1 R B T4 B IR 1 L 21 R S R R i 5 . (TR
R AR SRS i W E S .

o HZIRegFifoRxByteAddr[7:0] Kk T- 8% T ah bk +4, MIFT4N51 Gidib) shosifr
AFIFOXRRAF . ] L@ S ORISR 22275, R Sl B2 &R EZOH, B
T 15 Ak SR RS 2 DU ER N 8 A, B EJERXE T, LoRaif il fig i 4%
ST IS B IR A U5

BB Bk

fE B — o 4L oRa MBI IR, T LU RO LA N ThAE, DA BRI LAE TS i S
I 8] P9 T A T ORI B Nk e I B, AR F HE N B — Bl SIS 3 U
BIZIJE5). fEReglrgFlags #7728t il LE HIRxTimeout F W5 5 . FERxHA AT, 247~
AW E S, SR RIS, I BAESIK R BIRx L — AR, L aERR &+
Wifs 5. MERKIELLMAT, BAAETBIES, AR 4H—HL TRAESM . Fit,
FHEARGESM AT, FEMMN MM H 2EMCUTERR Z h 5 5. ¥ BN I A N 7F
5, HirE AR T

TimeOur = LoraRxTimeour- Ts
fEIEESRI (CAD)

B3 SR H S AR BIR,  AATTERARE W] REAR TN URIR 7 1015 5 2 5 D TE R,
Tl B XAMEOL T, EHRSSITCRE AT AR . v TR AN, Al {EE
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TR AR A I M AbLoRa™ 5 5. 118 R T CADIFiAL:

)

{ Mode Request
\ STAND-8Y

Cad Init

Fas ™~
/

Mode Request )
CAD

// Wait for
/ :
( RQ
N\, CadDone
\\ /

,\\

7

Xu!c;alnc Mod:
' change ;
\ STANDBY

N

CAD Detected

(\ New Mode request

——————————

>

(‘/ Mode Request
Rx Continuous

P

/ Waitfor N\ /" Waitfor <
\, IRQ N IRQ
\ \
\
Rth—:‘oui/ RxDone RxTimeout RxDone
S ~ = TN .
. Automatic Mode . Automatic Mode - A R
! change I change - Q \ ves |
« STANDBY \  STANDBY

et I =
Yos AO\ N

W(E"o’
?

PayloadCretmror

Read Rx Data

Read Rx Data

b

—b(‘l(ﬁv Mode rew:—sz)

—
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11 LoRa™ CAD #7#
PeiE R

1518 1 SRS AR =X B 78 DU AT BE 1 R ShFE AR B 4615 18 - ILoRail 15, 7ECADHHZ
T, SX1276/77/78HLE ARSI, LASILoRa% B AT S5 .

{ECADRLEE Y, A2 PATRL  #ft:
* PLLBHUE.

o TCAHRUSHLAE E IR (1 LoRa Ry SRS AT 5o 78 LTI IR FRLIR T FEXT R 7E A RXAR
A

o TCEBEHL K PLLBESCEA, g 1 s 27 A BB 4R AT

o URTIARR AR RO BT SRIUREAS 5 BRAE AT SRS I 18] I ORI IR 2 o S LI FE A R IR
AT B AN T AT A . AEIYIE], AR R IR D

o SERTEE, VHHIMERIER 4 CadDone iS5 . IR CEE AR T, N £ [F I FE A
CadDetected/z 5 »

o UK BRI

o WAURDIAT Y, ERRA, SRR IR E IR BRI R R
i o

fEIE S M KB T N LoRaf il B E . TR e BC B o 1 MR CADAS IS
K, &K NLoRaf 5 H MM 54 . CADKIII R, U4 7E(257+32)/BWHRD H b T B2k
R, AR A U AR T ARRGS o
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2.30 -
x
2.20

M
=3
Q

3

Typical CAD Duration [symbok]
[ [
oo "5 ]
o o
X
%
) 4

s
=~
=}

g
o
=}

1.50 —+
6 7 8 9 10 11 12

Spreading Factor, SF

12 CAD ATKAEX# A FHI S #
£ T, CADRETIZITAIM s A2 N FEF, CLEIF IR T AR T B FEEAT
A

Rising edge of CAD command

-

NSS J

CadDone

Time in Rx Mode

Consumption S IDDC_L

13 LoRa CAD (Z7ERIIIFEIEAR
BB AR AR R, BRSO AR R 2 B R Ab T R o =, B 5 3 AR DR AL B B
HlEICAD I #ERE 5 LoRay B AR AT AR 4k, HAREE W R 8.

% 17 LoRa CAD E#E#1E

W (kHz) £Rx##3, IDDR_L (mA) {&JH#ELEE, IDDC_L (mA)
7.8%41.7 11 5.2
62.5 11 5.6
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125 115 6
250 12.4 6.8
500 13.8 8.3

TR 2 ATER FIATEEB 1T AT B 1 15 L35 (e 2 WA o
4.1.5.1 #¢A0 7/ it

SX1276/77/78 1f16 4~ il FI 10 5| B £ LoRa™ KE =X F #1v o ‘& AT 1 ik Sk o6 R v T
RegDioMapping1fllIRegDioMapping2 X4y I e A7 es iC &, BAKIL T3,

% 18 LoRa™ #zt FHIDIO #tgt

B{E DIOx
M s DIO5 DIO4 DIO3 DIO2 DIO1 DIOO

FhssChange )
00 ModeReady | CadDetected CadDone RxTimeout RxDone
Channel
FhssCh FhssCh C
N 01 ClkOut PliLock ValidHeader ss-hange ssi-hange TxDone
e Channel hannel
FhssChange
10 ClkOut PlliLock PayloadCrcError g CadDetected | CadDone
Channel
11 - - - - - -

4.1.6. ARBREARRESHE R

RegModemStatH [f)ModemStatusfi &7~ 1 LoRaif il i i a5 IR S o X 2847 2 A TRk 2{
TR, AR RR R

¢ fi0: Signal Detected &/~ 2] T —/NF 2 LoRaR] Fi5 .

¢ f71: Signal Synchronized® /st 2| 1 AT FASAI4E R, - H R 2 CaBiE .

¢ [73: Header Info Valid & 3|H &fkk (RP#EH IEFIFICRC) B, AR A& H-F,
4.2 . FSK/OOK A #HIlf# 1 28
421 HEEREE

FLRs R B TR S Bh i AR 4%, nT DAMER I B R I ELERR (SRS %) o RS R I%H
XN GEZW3.2.271) , BRAEEHEIEEREAR (BIRAH 5110 (DIO1/DCLK) #DCLK
SSFEBEIERD » SN CAERSE 59 (DIO2/DATA) LS5 b 5 2% Bi i i
NFHIR . ARSI EAERE, W4.2.2.3.95,

T ARAE O A5 P e A5 2T 48 FH s T e, U ELRE #E HHRegBitrateMsb flIRegBitrateLsb
() Bitrate i 4 7E
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FXOSC

BitRate(15,0) + W

BitRate =

JE B : BitrateFrac /7 ZOOK if#/ 0 FAEIER (B gE#M 42700 .

A% BitrateFracF T SZE AT 2 270 Bl P LR 1w vHEAF 5 (U B 1= 250ppm R g FE 43 HE% ) o
165 T — RFUARE LR R I FLATIR B AERR R

*k 19 HHFESH

Hds%E  HIEE | (G) FSK ook SR Hos R
(15:8) | (7:0) (G) MSK CHeAED)
0x68 0x2B 1.2 kbit/s 1.2 kbit/s 1200.015
0x34 0x15 2.4 kbit/s 2.4 kbit/s 2400.060
Ox1A 0x0B 4.8 kbit/s 4.8 kbit/s 4799.760
e R R AR | Ox0D 0x05 9.6 kbit/s 9.6 kbit/s 9600.960
(1.2 kbit/sfE 50D 0x06 0x83 19.2 kbit/s 19.2 kbit/s 19196.16
0x03 0x41 38.4 kbit/s 38415.36
0x01 OxAl 76.8 kbit/s 76738.60
0x00 0xDO | 153.6 kbit/s 153846.1
g AR RE | Ox02 0x2C 57.6 kbit/s 57553.95
(0.9 kbit/sHIfEHO 0x01 0x16 115.2 kbit/s 115407.9
Ox0A 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
ﬁa,% tb%ﬁﬁ (125 0x01 0x40 100 kbit/s 100000.00
At ESNIIER 0x00 0xD5 150 kbit/s 150234.7
Kbit/s F) 5 %50 ,
0x00 OXAO 200 kbit/s 200000.00
0x00 0x80 250 kbit/s 250000.00
0x00 0x6B 300 kbit/s 299065.4
W Xtaldi % 0x03 0xD1 | 32.768 kbit/s | 32.768 kbit/s | 32753.32

4.2.2. FSK/OOK/:#
4.2.2.1.FSK i#)

i o e AR PLL S 45t [0 % ) o o0 A B &, R BLAE PLL A 98 9 2E AT FSKR il . 1T
Sigma-delta ¥ 2%fFERIR =, KL RVFR/AMIIRR MRS . DA% Foey 1 THR A 2040
T

Frey = Ferpp X Fdev(13,0)

sAF

DI PRAETA ) IR TE, SR A A% A 205 A2 LT PR A 251«
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Fpey™ ¥ < (230)kHz

JERC: BRIV TR HIT5 508 G IR, (A thi 22 2 200 1% 7 717600HZ-200kHZ .2 /4]
4.2.2.2.00K %/

L ST ISR SRR TEORAS w1 LUS HTRISG P OOK il W LI R B2 ) X RHAZ R 50
OOK R HLIK A5 Th R i .

4.2.2 31

FEOOKHI FSKJ il #5220 T Yy ) N FH A il 48T, AT B503 A SR L) A8 T TR o B o B TR AR P
¥JHRegPaRampH ffiPaRampf =il .

o {EFSKiAIE T, BT N0.580L 1 gk %5 FH 175 Sigma-deltaif il #% 15\ v 1 Y&
WAL . QIRIESX1276/77/7840 T s UM O A F T s gk s, R IR A&
TANE 2 S5, 51110 (DIO1/DCLK) HIDCLKAE S#i4s it kuCHir. TEIEH
ZW4.2.12.275.

o WERMER] 7 OOKIFHIRE, WIPAw H 2 fEPAJT JE AN PN IR R B0R %, 32E 1 g2

SABE R o
JEE: Z1ModulationShaping B A, HE |G KHPL, M ITTEBEHEA B IEN 7%
4.2.3. FSK/OOK#:ik
4.2.3.1. FSKf#1#%

SX1276/77/78 1 FSKRH 8 FH T ##FSK. GFSK. MSK X GMSKiE#lE5 . 24551
HFEHKT0.5 H/NT100F, MEHRCER R &

2XFppy

05<f = —

< 10

FSKARE &% 1) ELRR [0 S th 31T RS AT ) AL BR85S\ [R5 A B A
4.2.3.2. OOK f#1fj#

OOK i #F RSSI4i Hh 5 BB EATX EL . BUEMARAIL 3 N =Fh, Wit RegOokPeak (1)
OokThreshTypefr 4T L & -

SR VUAE P e R (R 1A S, LRI 14,
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RSSl
[¢Bm]

“Peak -8dB" Thrashold

“Floor” threshold defined by
OokFixed Thrash

MNoise floor of
recaiver

Time

Decay in dB as defined in
OckPeakThreshStep {§ Fixed 6aB difference

"
)
1
i
:
‘-I
\

—>
Period as defined in
OokPaak ThreshDec

14  OOK UEAF = #2
FEVE BB AT, X il S {E I RSSIEAE 2 6dB . 41 %A % N5 5 B/EFRZ 48 “0”
R, TERESOokPeakThreshDec & #Ks 3R HL 1 14 AH 5 7 — > OokPeakThreshStep.

I R BATRSS i H I (BN 2] — M2 “0” P78 2 5, BURBCA R SSHLID
I S0 R 22 4R 4 T B, B A1k EOokFixed ThreshH 15 & 1 “ s Ik BRI

OOK i i 7 i BRABC B A g LBl (R SMUAR W) e ITERE. 281, fE—SeRi I,
5T RO RE RN, AR AR OL, ROzt BL R =42 80E LT iiie.

Pt B BE

OokFixedThreshi & 7 33 NE 5 (RIHZILJREEF SMAGES) X ELBIE, MimkE
EOOKIZU ML RS . IEMi% B OokFixedThresh/ia, 7] LAKHEHE & R B,

VER: R s N\ S SO L SRR 7S BT LR AR
o RUHLAgmE RS R A

o MREZI R 5

o UL —OREFRIEERA: (SAW, WIRA) .
o [EIEIERAHTE.

MEA A . OokFixedThresh (1 B Bk T BAR BN H 288 . 2 U048 BL R S FE XS
OokFixedThreshi T4k .
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Sat SX12767/8 in 00K Rx moda
Adjust Bit Rata, Channal filtar BW
Default OokFixed Thresh satting
Mo input signa
Continuous Mode

v

Manitar DIOZ'DATA pin

Incrama nt

OokFixed Thresh

Glitch activity
on DATA 7

Optimization complata

& 15 SMEEEER
AR YA 3T B A BRE N IR Bop L e B A 25 H T OOKAE 5 #2U1

X IR RS SIALOOK A 3%

55 DR [ TR TR T RE S EGRAD R LT B AT DL LAE 5 B A e S, T DA IR R
TR T R AALOOK R A #: 2 % (RlOokPeakThreshStepfllOokPeakThreshDec) , LLik
B € W BE e/ LR U . BRI E, WiE 2 W.RegOokPeak.

A1 I OOK fif VA 2% B (B X
B T OOKIE RME A2 Ab,  FH P il DL DL P b 228 f () (A0 245 <
o [EEBMEKINES: BidOokFixedThreshift £ [ & B {H -

o CPEIBMERINE:: ARSSIHRBLER AL I Bl rhECT R, X AR DGE T TE B i 65
Hdle o

4.2.3.3. [t 7%

EUARE [ 25 25 AR MRS EICHE 120 G A7 B 3RAS ) 5 I P R A IS8 i 4 47 b 14 [ 20 ol T
PAEIESA N B DIOL/DCLK S JAIBEAT Syt , I AT LA I 73 47 25 B B REAT IC AT - SR,
N T RELIRUE B SRS, R B SRR U, SRR LR R 20 45

L4y [F] 20 28 78 B4l A =0 & B sh s, H I ks R B RegBitrate H 1) BitRateMsb Fil
BitRateLsb#% .
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Raw demodulatar —l;”_'] i aui | [ WH'J'_|
output | ":i |1 | I | |
(FSK or OOK) (44| 8 | | |
| |' i ] |
dl N .
QM-| \ I i
Ll | Wi | | O,
T |
II/' r-‘T _.‘i ,.._T__ru\_r.r.c-ﬂ] —.,-..-—Fa. :.\_\_r
I | | | I | i ]
o ]
BitSync Output (1 | [ ! |
To pin DATA and Taed 1 e T b
DCLK in DDI‘ItiI‘lLJI:lL.I5< . - '_ P "w . y
mode | 1 1’ i ‘*l r | ~| |\-1| f"‘"| .
oo | || ) T
| [
U J |
i 3
. o) U I { l SENERN

16  LHELEES
WU LR 26, A BEm PR LU IR 2D 23 1 IE 18 4T -

& T3S (OXB5HLOXAA) KL NAim/DIERI120, LARIERDRME. FD I, %
ERER Rl pEEE S A7

& JAEMIE R R AR R R T, TR DR A6LLERE A — N LRI (ETREL
TFE

& FTRIERTER ELRE R 2 6] A 460 HR 2 AN RE R 11 6.5% .
4.2.3.4. WIFRZE A (FELD

FEA 005 P 15 L AR S 000 b o A3 5 R A SR UML) IR A 5 BB 2 TR R R AR 22
FEISERIEZ )5, R ELR L Hl Mg i 30 s fE RegFei I FeiValue . FEIDHAli
FEAA EURF Y o

NPRIEFEIREWS IEFIIZAT, Tt LA N LA
o DIHERT PIYENGERE T IRl & .
o R RS 20dB 5 5 T8 AN I T3 PR AR i 98 B AR SR AN TR R A

A LLETE PR 23 0x20dB1E 57 58 (WA 58D #EATIEAl -

BWy 5 = 2%\ Fpppt BR)

¥ T,-'
AP RLE I LR A ERRZE (DHZ N8 ALD
FEI = Forpp® FetValue
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DBl N2 Ja, FEIRSLRIEAT/A 3N, JFHAAES AZhRHT— k.
4.2.3.5. AFC

AFCUIFEI & A3t Kk, i&H FERHNG 5 5RIHLE E %4 . IEAFCHUTIE 2,
METE SO BRI (Fre) 15788 L B2 AfcValue. 1 RAfcAutoOnZ:1-1, N4
g shihLE ¥ SHATAFC.

MAFCRE NN (AfcAutoOn =1) , FH /A PLE 4T DL N ER1E:

¢ WIRAfCAutoONSE 11, EFRZ AT HIAFCIZIEAE . JXFE T YRl il EAMATI A6 Lo BT 4
BEAT AL IE

o N EREERIBFRITIG AT AFCPAl o IXFP A AT T O i 225 RAERS Cln Ik
2 MRS

FEAFCHTBL, SX1276/77/783%4t 1 51— Fhi el sE e &, DAASVFERIMIR IR ZE . Wi
B ERegAfcBw, 1] LABEAFCIIRE I 98 . AE SRR BLS A A, — BT 58K
AFC, Rl LAWK R BB B E F A S8 9 (RegRxBw) »  LUR R J& 2L 138 (5
BEBE A HEAT -

R FEIEA SRS 4G 4. PreambleDetectkr & 7] UL T4 Mlix — 444,
MM fih K R OEE ) AFC B FEI #: {E . W LA i 34 RegRxConfig %% 17 #% '
StartDemodOnPreamble ff3& 4% 5k H 34T FEINI & .

KTl E USRI _EBEAT 5 B LLS BIAFCIVEGIAN 4B, 155 W4.2.675.

4.2.3.6. FI-Fi9E 7

HI - A0AS U 2% 1T 2 7 01017 1 i) i R b Bt e St 2 . R BRIl 79 58 2 8 K, B3
s ko 0] 2% 6 A9 2 e 2 AN 2 KRB . T AR I R W], XF RegPreambleDetect
PreambleDetectorSize B FEAT %, DA E 1334715 AT I ANAE

* 20 FIEBRIERE

PreambleDetectorSize I
00 1
01 2 (HEF9)
10 3
11 T

ARIEEEE RS, PreambleDetectTol N 13 & 410 (OX0A) , 1M A iSRS ASH I A AR N Ay
2N,

fii % PreambleDetectorOn%5-1-1, T 4Rl 24 2T A5, PreambleDetect i (7£
ReglrqFlags1 s AREE IDIO) BEZ Tt .

BITHR 1, 201349 A
©2013 Semtech Corporation 51T www.semtech.com



;1 SEMTECH SX1276/77/78

B TR AG I 28t 0] IAE AT TRR,  PARR PR A 20 ET ST AFCHIAGC . FHRTELN R, 1
ZM4.2.675.

4.2 3.7. BRI E A7

SX1276/77/78 K F AALUE ) 35dB B R4 H1] L B AR F Ve ATiAs (IRMD o i FI{RAHEPLL
W SCEE B AT I HE ST, PR B S 4 LL B2 T+ 42 48dB .

4.2.3.8. X GRSSI fe

(1 B e P T BB B G R 518 QUM 25, AT B B ) JLRSSIRE . 7 DA T s
5T T BB (S RIRSS RS BEHEAT Rt

& PR TEET BRI SO S T RAIR AR GES 7.2, FAPUT H B
#E S0 T SO AR E B, SRAE BRI A KA DL T, REAT B R ]

o CURINTE IR BT, AR PAT B BT

o AL TSR, %A PIEK, #id % EReglmageCalfflimageCalStartfi
WHESIE. EE, fLoRa™ER T, LiRKHEMAANATH . &EITRME, B
O I [FIFSK/OOK A o

i B %07 )5 H. TempMonitorOff y0mt, I w] DL TempThreshold (5. 10. 155420°C)
(14152 G N 81 P PR P AR A, T ELAS I 5 S R fETempChange .

R AutolmageCalOn%s1-0, %8 F A] DAFEIE 24 1 I fige A B X — b 365 BB 4R B A5 410
filkeE:  dn R AutolmageCaloOn%s -1, 1% M FH w] DATE I A ABA )5 B A A bof 7. R A A ax —
kTR & FHTF I B AR IR T

BN REUE L FE R FERT 102270
4.2.3.9. 1 gs
SX1276/77/7T8 L& hRE, W LAFE— AN UTH 2 5 B 3l IHERHL, M BRI #E.

o VUIHBIRxEERGF, WREX— W HWKANKE T HERssitr & (RssiValue >
RssiThreshold) , <=4 E {5 5 TimeoutRxRssi x 16 X Thit.

o DHBIRxEA S, WS AEX I EM N A AR i PreambleDetectir &, N4 5= A RS
1 #{Z 5 TimeoutRxPreamble x 16 x Thit.

o UIHRBIRAEIG, W RAEX — B AW %A A SyncAddresshr s, Tl A i i
{5 = TimeoutSignalSync x 16 x Thit.

XA TR H BT 5 ] DAR 388 0 S I A 35 3% ¢ PRI 22 [l B T AEAR 3. S T &R 213 K
FPRAS, I8 7185 1E 7% B RegRxConfigH KIRXTrigger S 3k I 2 T 41 4 o BN E .
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*x 21 FaBBAIFEHIRX AR E
Rxfil & 7%

Bl fi g E4E o RssifHt IR TN bz w]in)
o 000 K K
RssiH Hr 001 TEEK K
PreambleDetect 110 KA TR TR
Rssit i 5 s :
PreambleDetect 111 R R

4.2.4. FSK/OOKHR T M T/EHER

SX1276/77/784 Z# T, FI7/ERegOpModeF HE4T F-ahdmfE. 14 FH4.2.8. %1 R iRy
T2l 52 JFp s AT 4 H A UE FE . B0 B R 6 B2 2 P AT 1

* 22 B LEERES

ﬁﬁ NG BRE

Eﬁﬁ%’fﬁiﬁ Sleep 36
001 R Stdby AR RS AR
010 BIRA AR ETXR | FSTX Rb T RAEINEE [PYINEEG A (Fr)
011 RIEAE Tx AR AR R AL
100 A0 2 B A i B Rx B | FSRX Ab TR PR E A (Fri-IF)
101 s RX ARG A RIS

MNP 2 ) R, & AR AL IR TS A R IO DA HR e A il 2 e e
4.25. BN

S BB JE Sl TRk T OR S i WI s AT R BT i Ess, T2 L7 &
7 [ DA ZHAE A B R 5 2 28 3 Zh (K BN
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Cument
Drain

IDD& (Rx) of IDDT (Tx)

DDOFE

IDET

DAL Timeline
o T2_o=C TE_OBC T3_O2C TE_OBC
+Ta_FE +TE_F3 =T2_F3
+TZ_TR +TE_RE

%
A

B 17 EikE
TS_OSCH fr iRk (11Ja sl fa], HASKE R T SR SR TS_FSRZPLLIT A B
], HALEVCOM R GAAERS Ao

2 59 T TS _OSCHITS FSHIZ #1H

4.2.5.1. &4 PLIE 50 1]

FEFSKEERN, KSHLIJE BB R TS_TREZM I~ A X BT 15 -
TS _TR=5us+ l.25xPaRmnp+%xEr’r

Hrp, PaRamps2RegPaRampH L & i IR 8], Thit2 Azl Al FEOOKEEAR, |k
AT A

IS TR= Slu.s+%>< Thit

4.2.5.2. WL 50 TH]

FUCHLI S B i) (B TS_RE H B T 8L s sh i 1B 2005 56 « M AFC 3 sh i (R
AfcAutoOn=1i}) , NAEFHAfcBw, i JERXBWHREESHL S Bt a] o

*® 23 EYHE AT E 7
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ir s A e BEFM

— e

RxBw if AfcAufoOn=0 TS _RE
RxBwAfc if AfcAutoOn=1 [+1-5%)
2.8 kHz 233ms
3.1 kHz 1.84 ms
3.8 kHz 1.56 ms
5.2 kHz 118 ms
8.3 kHz 984 us
7.8 kHz 781 us
10.4 kHz 801 us
12.5 kHz 504 us
15.8 kHz 407 us
20.8 kHz 3M3us
25.0 kHz 284 us
31.3 kHz 215 us
41.7 kHz 168 us
50.0 kHz 144 us
62.5 kHz 119 us
B83.3 kHz 87 us
100.0 kHz 84 us
125.0 kHz T1us
186.7 kHz 85 us
200.0 kHz T4 us
250.0 kHz B3 us

TESHLE Bl 2 B B 2 v B o O X 2 S R a8 m e RN g 1R BT — 128 21 i 0 £ .
4.2.5.3. RSSI#F /11 /5]

FSHLHERS B J5, HARSSIFEAK AT, 52, 7ER BT IFRUHLE R 5 B A]
$/STS_RE + TS_RSSIf%H

Timeline
o TS _RE TS_RE
+T5_RSS5I
Rssi IR
FSRx Rx Rssi sample
ready

18  RSSI #Z#A7/5
TS_RSSIH ] (A5 BT B2 S L5 55, 31X — s Ak i RssiSmoothing 77 £ —# . 5.5.4
A TTS_RSSIFIHHFE AR,

4.2.5.4. TXUJHZRXHT /5 F61 [l]
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Timeline

1. 6t new Frf [':
T Made 2. sat Rx mode
("} Cotlonal
19

HA10MHz SPIAf £

4.2.5.5. R 1P ETX LT

TS _HOP "
+TE RE

@

Tx L LT#E Rx #zCH9 /555 A71E]
VERE: MEAEIE ZSPVIESHATIN ], A -5 R RS TR, E TR 1

Timeline

a

1. 561 new Fit [}
@72.&: Tx mode

[} Cptiona

TS_HOP
#TS TR

Tx Mode

B 20 Rx #U7#E Tx BXH9/E5ATE
4.2.5.6. BECHIEREE, R L)H 77— RxHE
H NPT R TTAT I :
First method
Timeline
L] TS_HOP .
+TE RE
ithl-'lndE) 1. get new Fif Rix Mode,
Channal A 2. 5l ResarRyWimPILoCK Channel B
Second method
Timeline
a ~T5_HOP g

Rabiode) I Rtade
Channel A 3 walt or T3, HOP Channel B

("} RegFLsb must be witten to
trigger a fequency change
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21 FEYHLEkER
S AP AR 2 AR RS AR R R SR SRS AL AR A AR A

Pl
" SEMTECH

4.2.5.7. TP ETX

Timeline

o ~PaRamp —PaRamp
+TS_HOP +TS HOP
+TS TR

T Mode, 1. set new Fri{) T
Channel 2 satFETamose—*, FSIX Set T mod """E-B

B 22 X5HIEkER

426. BURHEIIHFR

SX1276/77/78H:URHL AT H B il BE R F3E s (B B 28 B HIAGC) F s FRIL
HIA IR 7 2880 (B 3SR HIAFC) o X AR e 5 T2 N B R Se i 1. 7E T ik
HOUT, BT B shiE ik

o RIHUET R EDIRES .

o PEWTHLAE FH % SR R i i 18 ) RegRxConfig 27 77 £ 1 i) RestartRxWithoutPllLock %
RestartRxWithPllLockfif & 7 # J& .

o B RAEEE RO ERIR AR R, BIWLESIEE .
BT AR H B E R R TELIE R, S 4.2.775,

L2115 H4 T SX1276/77/78W] FH LG B T &

= 24 BBHHEZEE

RxTrigger

SEEHIThRE AgcAutoOn AfcAutoOn (Z-g)g
o o 0 0 000
AGC 1 0 001

RssiH
AGC & AFC 1 1 001
AGC 1 0 110
PreambleDetect

AGC & AFC 1 1 110
Rssit i AGC 1 0 111
&PreambleDetect AGC & AFC 1 1 111

2 AgcAutoOn=0It}, iEitik B RegLna™ fLnaGainfi K T3 & LNABE 2518 o

42.7. BENEREFE
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;1 SEMTECH SX1276/77/78

NS VEA A H LR R 5 5. B, AER R B B AR AN [ T S A s
&%, MM EXTAGCEAFCHIT HE A, X &EHRA NI,

4.2.7.1. FHFIEK FEE

B, P Rl SR R L, ARG IEIE K B B AR, R {3 H Timeout
TRk E R X RA aahb. AR R

o  HPEAMIRGSTBN: AFCKH, HAEEFES K TR 28 R4 HSPUR AT
fi481k: KsRegRxConfig# RestartRxWithoutPlILock iz B A1

o HEEAMIRG SR AESL: HIAFC (AfcAutoOn=1) , H/SFriaffas i) —1
RxJE AN kA48 1k : ¥ RegRxConfigH RestartRxWithPllLocky ¥ A1 .

7L : ModeReady A& HF1, 74 HEHATH IRestartRx#r 4
4.2.7.2. WEIH AT H ) E

MR — AN F M PE B 5, RegSyncConfig H 1) AutoRestartRxMode 17 % #il] #&
SX1276/77/78¥WHLIF H B H JH .

+ #iAutoRestartRxMode = 00, iZIhgexM], F /7 BAEUEA 883 6 G T30 5 5 Ik
Bl (H4.2.7.1% .

+ F7AutoRestartRxMode = 01, H /" #EPayloadReady Wi &4 51 =FIFO, #HLE 2
fEInterPacketRxDelay iR J5 HB)HE 5, PARVFEFE SRS, M f b — 5
AR b B R RS SIS .

+  ZiAutoRestartRxMode = 10, HABAEFAR LT —MEdEt (52, Frifell
B E—MEEROE RN WX —T7 % RPLLBUE R b, MRS
P HBIEANAA M R SEIR o

4.2.7.3. KB C1 TEHT 19 50 3
SX1276/77/787EH UL T w2 E b 0 o 98 I E S UL . BRI RIS T B R AR I
BRI, RSSISAI BB R, X—Ihaen LH T2 50 W ah 2 B E 5 A —
T AT S N B E A .

#RestartRxOnCollisionf; % 41, LA a0 s 8 SR 25 .

T RSSIAE Ak A Wl v € 22 15 5 JF UL . @ T H RegRxConfig H' Y 77 17 48
RssiCollisionThreshold, 7] LA1dB5HE % RSt R BUE

428. TRAREFR

BT AN F IR BEAR RIS B0 AE T /3l I A 4T 12 11 G L At RE AR AR 05 1 52 0 P 91 e 32 T
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YRR N AR P s 5t I — R A2 8 TRIGE Fras CRIFRSE 748 ) (10 AT g
FEIRZS R LAHL B B2 i

VEB: 1ZDEE N BFSKIOOK &2 FajH.

EREIRE AN (R “wtaEE” ) T, HERegSeqConfigl ' SequencerStart
ALIME B LRI AT S0 8 T4 o

0] B RegSeqConfigl H Stop fo7 I E B ALK SR H1] 5 ] 52 - 25 o
I ZEXTANREIRIRT i EFSequencerStart 17 FIStop /7 7 1H »
4.2.8.1. E/FHHKE

WRERIR, ST X rhBrEn 8 (TLHT2) , @ iiarisd gt T rs isqT
10

® 25 EFHNE
E P ok Eiiipo

SequencerOffiR#E | EF & ARG, KikSequencerStartig 4RI F] JH 3 5E 745 -
MLowPowerSelection R VI#L 3 ¢ AARAS, &7 Ak 25 ], [F
IS 2 A AR (HERR AL D

RS HRHERegSeqConfiglHidleMode & 3, & EMIFERIZN (Rl
SRR TigfT. EF A TERTLIHN.

KIERE REHIETEIZATH

YR BBHLIETEIZ T

PacketReceived FSHLIEAEIZ AT TR H 03— e . B B 76 fEFIFO
H

LowPowerSelection | K IIFEIRE (SequencerOff RS -

RxTimeout B 58 &A= RxTimeout W7 i T 75 S B 5 it
RxTimeout /1 W7 7] L /& TimeoutRxRssi . TimeoutRxPreamble &,
TimeoutSignalSyncH .

4.2.8.2. E/FaskE
TR T € 7285 PR 2 R4

*k 26 EFFEHESE

ZE i
723 AR I I B8
IdleMode 0: FFFIIEK
1: AEHRE

TE FEREEY, 73 105 2 K SequencerStartfor (I8 & N LIS, #54) E
%

00: *¥r%LowPowerSelectionik#&

01: e EHUWCIRS

FromStart
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10: #E# A RIRRS
11: TEFifoThreshold TR #4422 KIFEIR A

LowPowerSelection

75 5 e 5 LowPowerSelection R 74 A 2 HUE Fr 2 LowPower R 24 .
0: SequencerOffikZs, & H 4T HIgaH=

1: TR, RAEIdleMode i B w g it F it Ab T AR A 208 I 1
AR5t

TR WA HE 142 58 748 8 B E BT b T LowPower i = o

Fromldle

TERAETLRWR, e 74 NS RIRE:
0: HHEBERBRS
1. HiEEBURE

FromTransmit

1] 2 7 A MRIBIRAS :
0: &k PacketSentH Il #4#: 2 LowPowerSelection ik
1: {EktPacketSentr Wi 4 #e = BEBUIR &S

FromReceive

P12 7 A WBRWCIRAS «
000F1111: AAdiH]
001: 7&k4:PayloadReady Kikt 44t 22 PacketReceived iR &

010: f£ k&t PayloadReadyH i %% #: 2 LowPowerSelection’ik
2

PIAN

011: 7E&K4:CrcOkH i} #4 # 2= PacketReceived R 7 . W CRC
KAEHIR (B EHIKR, CRCIH JF1HCrcAutoClearOnki4])
PayloadReady" Wt 3X 50 € /7> #5 i2E ARXTimeoutik 4 .

100: 7EKA=RssiH Wik 4 2 Sequencer Off IR 7

101: fE&4SyncAddressHH Wil %4 2 SequencerOffiR &

110: f&&K4:PreambleDetect ik 44t 2 Sequencer Off IR %
T ENFME, KAET2H W ## 2 LowPowerSelection k75

FromRxTimeout

& ERxTimeoutH Wik (# FromReceive=011, | APayloadReady
HTI ), S HPRESHUNBRBCIRA

00: ifijfReceiveRestart’ # 2= BISCIR A

01: ¥z RKIFRE

10: #4#ZELowPowerSelectionk &

11: #:#%SequencerOffiR 4

EE: RxTimeoutH W25 TimeoutRxRssi. TimeoutRxPreamble
g TimeoutSignalSyncH #7 .

FromPacketReceived

IR LM PacketReceived IR 74 :

000: #%iySequencerOffik#4s

001: 7EK‘EFifoEmpty B 4 4e 2 RIBIRAS

010: ##:%ELowPowerSelectionik s

011: FHAMF KA, BT FSH R 2 BRUIRE
100: #H¥ZBEBCIRES (RS

4.2.8.3. T

PIASER 8% CER 23 INER 8820 A I T1fE FW P 41 o 148 5E I 48 R 77 2 I DL

BT 1, 2013 4E 9 H
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fih R P A RS e e

PATT2H B ek SequencerStart 4 J& 72 A T1H I ( Timer1Resolution x TimerlCoefficient) .
TR0 5 =4 T2+ W (Timer2Resolution x Timer2Coefficient) .

SE I 2 0 LA SR A0 T BB o

-
Eaguencer Start
I

I
i’
§

!
\\- T —

imtermupt

& 23 EAIEL FERTEE2 BT 1E/RIE
VR JEHT 35T T -5 G T s I SE BRI B L o7 AL, 7 e T By E T 75 BE
SEHY T HE D2

= 27 ZEFTEHFRE
g iR
TimerlResolution TEN 2R LR
00: KMl
01: 64us
10: 4.1ms
11: 262ms

Timer2Resolution TENS 2R 200 HER
00: KMl

01: 64us

10: 4.1ms
11: 262ms

Timerl1Coefficient TE I 28 L5 1 2450

Timer2Coefficient TE I 23 205 18 25

4.2.8.4. E/FHEINEH

THEERT €5 RS 2 0T ge R AR, 2P oS IR B R H BoR . BRI
Pt 57k brm . ik BRI 7m0 46 tE . NS T HR, BT IR S e R R B T
Ko

BRSO KA BoR, HIDRESHA AR EfrHE, R ZHRegSeqConfiglH Stop
RLRE AL, BT SRE 5C e P 4 -
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Vi
’“SHENH11EC34

WEFM

Tk iT Rk

Sequencer: Start transitions

Sequencer OfF
&
Initial mode = Skeep or Sfandby

On SequencerSiart bit rising edge

Start
¥ FromStart = 00 On RfoThreshoid
/ if FromStart = 11

I-fFrcu-nSta-t D1 rfFrumSt.art

LowPower
Sel

Sequencer: State machine

/., S

If LowPowerSelection =1""

_ o owPower If LowPowerSelection = 0___
o ™ Selaction — { Mode <@ Initial mode ) Sequencer Off
S .’II
—~ It FromPacketReoewed 000

If FromPackeLReoelved 010

Pal:ket /
Received /

L3 mePacketRecelvad 100
Via FS mode if FromPacketReceived = 011

e

On PayloadReady
It FromReceive =010
IOn PayloadReady if FromReceive = 001
On CreOk if FromReceive =011 _—"

©On T2 7_

On PayloadReady if Fron:b;leceiv;:0|1 Receive
(CRC failed and CreAufoClearOn=0)
v -
| On Rssiif FromReceive =100
/ On SyncAdress if FromReceive = 101 T
/ On Preamble if FromReoewe =110

On Rxﬁmeoay
|
| \fia ReceiveRestart
e

If From\RxT\meam=1D \ rfFromeTlmeoul oo
\\ RxTimeout - _If FromRxTimeout = 11 encer Off __7___7___,--""

If FromRxTimeout = 01-

T On PacketSent
if FromTransmit = 1 On PacketSent
g} N .l
Transmit if FromTransmit = 0

B 24 ERIEREH

4.2.9. FSK/OOKHR T K¥iEAE

4.29.1. 7HEE

T~ ENSX1276/77/78% 4 Ab HH H B s = B . 1% R 4R R R TR A

(SPIAIDIOSI D Z [AIBEAT Bt A2 B, [R5 i A A TG B 3 17

Z AN B B i 2 AR R
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ESEMTECH SX1276/77/78
Fehate WETH

DIoo
elind|
Doz
Doz
DI04
DS

A
A 4

Ax | s¥NEC
s RECOG.  |uwd
PACKET FIFD =Bl

HANDLER (#SR)

T NSS
TITITTIIIT LI "‘l-" *.h .‘ll a%g|
L] MISO

smmm Potential datapaths (data operation mode dependant)

£

& 25 SX1276/77/78 #iEL FEHEEE
SX1276/77/785L I 2 PR HAE AL, A ER U T AR A BEER A B O 8 .
MR Bride PR R, A s IR P U Ja 2, HAt p 2 o< P .

4.2.9.2. H#EHRIFHEA
SX1276/77/78HEAL A [F] it B B A E A AL P a2

o BB ARSI EDIO2/DATAG| AR B RN . FESMNR AL B RE J1 2B,
AR AR

o BEEEAEEA GEFD o B URAYERITU 1 FIFOZ M (1 S 8. Hdi /2 Hi i =
i, A0 7 5 Al i CRCAM B T B 2w 5 75 58 B S R M0 ple AE RS MIEAT S 17 4
. lt, HESEBA, BN uCA B R IT 8 R s o ARGE G R ATk
Rtk (CRCEE) , e KK LR i /9255,2047 715 BLIEFR i -

SOOI P A B R A E R AT T VR
4.2.10. FIFO
BRI AL EF 77 4%

s U, BIDRE A 1A A O i) Bt 22 DRAF £ — A T E B I FIFO(Se S8 ) Bt 7%
W, ANEESPIR DBEAT UG, JF HAR AL - H 408 B b

FIFOI 58 B 17715, BIE R SEIL 1 GFAT) #84E, SR AR 2% 2052 LR 4777 :0is 17 .
FERXAPEOLT , 5 Bl IR AL 25 A7 2 SE I & IR IS H.o RIEARE U, B L2717 48 NFIFO
HORECE R LR AT 7 20 (e A0S DAV B 4 1O RS -t B ) 2 o [RJBE, AE
RxIEIT, RS AL A AT 454% LU AR MR 25 SR EUCEHE I8 7 1 il 2 5 AFIFO. TR TiX
—id .
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FIFO

byte1

—_—— ]
8
Data Tw'Rx

_4_1_,| SR (8bits) J

MEE LEB

& 26 FIFO #IEliZFFE
TEE: (MBETX Z I HEEC) D7 # A BEIE A =0T, FIFO A gE7AModeReady #7r.&5 & 17 1
150 18 o

FIFOII K /N 2 6477
FWEShRE

& FifoEmpty: 470N TME (EIEAFIFONZ) I, FifoEmpty A, HARE T
MR, THER, EMFIFOFFEEUE IR, FifoEmpty/ENSS B3 20508, B4
FifoEmpty B AR IPRAS N, DA A58 B S 1T OGRS AR . 5 2, EdHTEA
PR DL g N — i B, 2 A FifoEmpty IR (FifoEmpty = 0: /528X
W27, FifoEmpty = 1: #HEE) .

& FifoFull: &G —NFIFOZTEW (HIEEAFIFO M) I, FifoFulld b & &, HAh
DU

o FifoOverrunFlag: “FIFOCH, P (FETXEAEAHE ) 3SR (FERXBEATR)
FHFIFOB N — N1t FifoOverrunFlag 7747 & 5. it o £, HNE
HEHAN— NV IZREES, HEE, FIFORSiE.

o PacketSent: 4SR5 — Mgk kik LR, PacketSent i & &

e FifoLevel: #Ji@itRegFifoThresh fFifoThreshold#fi i€ BI{E . HAT N0 BN,
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FifoLevel

F 3

=

i t >
o B B+l # of bytes in FIFO

E 27 FifoLevel IRQ /7%
JE B AFIFO T 60 G (F )7 FifoLevel 4 4 £ b1 B . KL, (X (X 2¢3FifoThreshold
ZHIIE, HAFEXS 1Z T35 85 s

HEA K AFifoFull, FifoLevel #BraLs>—E G 5. —1NE T HIFIFO JF M B HIE w1 1F.
FIFOJB 2
FRINH TAEA R R 8 B FIFORPIRZ .

* 28 A EAEIUZ EFEATFIFO A94ZS

M kD FIFORZS &
AR HEE ARASE X AEA
P AR A 2 R ANET
R MU A AR A Tx it RV P T T AR R LS
# BEIREER T 5 AFIFO
N o
=® Rx b=
Rx Tx EE
R bRt | R | 0D REE Y
Tx R H

4.2.10.1. /AAE7HEY
Wb

JHit 1% B RegSyncConfigH SyncOnii R D iR A (WA “BiiRA” ) o IifEiEs:
RS F s (R T B 3
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UARPR AT AL Z A7 3, AWTHORAE N B 5 9w (5] 20 - AT LU, FRAER I B LS
It} 77 4 SyncAddressMatch 7747, B4k WL &28.

Rx DATA Bit M W (W \ T ¥ ¥ LY
itM-x= Vo oBitN-1= ) Bit N = i (
(NRZ) Sync_value[x] \ . I-:‘:IILS*g.-'nc_uralUE-[1]..:i:-ILS3,l1"u':,_w{.3Il..uz-[:l]..:'::, .'::'- I.:':-, .':t"
7 :
1
]
DCLK T T A ! A T A
1
1
L]
SyncAddrezshatch A

& 28 [EXFRA
fE LR B R T RE T, BRI S — M S RegSyncValue LI 55 74 (BB #hn) ik
ITHE, WERIIBE — MY S RS — AN TITII0AL (BRARE D BT IR, B e AN
(R kbt [R5 A B E
MR BN g AR RPN, B P AR X ANME NBAR G T AL, FERTHEAT AR B AL B .
HEHFROREEFIFOE K, SyncAddressMatch#ig % .
BB

o K/h: B/ ATE I RegSyncConfig 41 i SyncSize & B 151857 (HI18%64
FeAr) o fEEIEEENT, ZEB ] H T 0 D 7 A .

¢ {H: fESyncValue(63:0) A E FV 7 MME. AERFREEAT, 7B i T TxiR
IR A e

JEE:  SyncValue /A 1% £ 50x00 % 77,

B EAE

Bl B AL P A R O B M R . 554.2.1375 18 1 L DRE
el

PRI YRR I B S A2 i s, B E AR A AT
4.2.11. BFIO5] BB

SX1276/77/78 LA 75 A FH (910 51 B, B0 AT 7E 3% 2R A5 5 s B0 4% 0 B 50 1 i B
RegDioMapping1 filRegDioMapping2i£47 4% .

x® 29 FLELEUTHIDIO B4
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TRMEE HEFH

T [ el | PreamoeDetect -
10 FxReady TxReady
11 =
[T ] Dl
DIO1 o - | Feel | EreambieDetecl]
11 =
00 Data
[']] Data
o2 —
i0 Data
11 Cata
[ Timeout 1
oo ?! - 7ssl | PreamoisDetact |
[ - | TempChange | LowEat TempChange | Lowbat
[y - TempLnange | Loweat
[]] = PllLock
L 10 | TimeDut |
L] = | Wiot=rzady WodeReady
o CleDut FRC 1 ChOut CikCaut
[']] - [ AlLock
LiZ 10 | R=sl ! PreamuieDetect ]
L1 = | Mioo=rzady Wodeready

%= 30

##EEE T HIDIO Bgf

Payinadsasdy
DI0D pgl = Crook [ =
i E T TempChange | LowBat TempiChange | Lowsat
] THoLewel Tl ewel ToLevel
T il FfoEmpiy FifoEmpty FTOEmpy
0 ol EHtoFull FifoFull
i =
] NI 55 TToran
o = FoREaty E
L5 0 Freru Tmeout Frorl
1 Fioeul regs Fiirul
3] FOEMETY FroEmpny FfoEmpty
ol - I TuReady
L i0 FifoEmpiy FifoEmpiy FifioEmpiy
Ei FOEMETY FroEmpry FfoEm
0 - ] TempChange | Lowbat __ Tempihange ! Lowat
] E PilLock
DO =
i0 Timedut | -
11 = FeEl J PreambleDeiedt | E
0 CIRCULT RG] Ikt _ CIkOLE
] E I Lok
L 10 Data
1 - | ModeReady ModeReady

4.2.12. FEHEER

4.2.12.1. #it

WE29fR, fEESERAT, EHEFXADIO2/DATAS I FHuCH B HREC CAARIEE)

R E(ERFEHAAEAZE (NRZ) ¥E. FIFOMEEE (AT 2% R I AL T BIR A& .
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Fehate WETH

Dio0
DIONDCLE
DIC2DATA
DIC3
Do
DICS

M55
SCK
MOS]
MISO

Bl 29 EFLEEABSHE

4.2.12.2. Tx b5

Txhiat T, DIOL/DCLKE 4yt AN UC B FH I [R5 S . 8K T 22T b e o
AR IO, 62 WLEI30. /EDCLK A EFHE X DATAMHT RAE, FEuCH7E K & % B/RFEIX
SRAI I AR IR

DCLK

30 FLEEIUTHITX LFE
JER: 25 By EIER, A AHEHDCLK

4.2.12.3. Rx Processing
4.2.12.3. Rx£#
EOLFRIGERICH], R A IR ah s H TEDATAS| I BBz H, (HE A DCLKIE S .

MR, HEEhALEE 2, a4 HIZEDIO2/DATAS| JEIAIDIOL/DCLK 5] 1A FH [ 25 A Bcds Fn
. fEDCLKHI_EFEXDATARATRAE, 16 F I DATARA TR Br. Bk~ E R,
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W

DATA (NRZ)

P

DCLK 1

31  FLE T Rx L2
VERE: LT, HER B0 LA HEDATA,  BIUC K EHIDCLK (55 (/A7
AR AR FEZE5))

4.2.13. HEAHER
4.2.13.1. #a

IR T, uCAREE R NAIREES) Bk (EFHIES) MNRZEHE, HNRZH
PERFAEFIFON, @ SPIHEH Ui .

Ak, SX1276/77/78%FE A BEAS v HAT I T HIR B A BE AT 55, WiwT S AN [E] D AR Al
CRCUFHMEE . Bl At/ At SMIRrgmig /@, bkt p8% . HREGH #UT Lk
HE AT W] TR I D uC T4

AN A LR R A MR/ WU B SHAMIE 2 FIFOMRE ST, MM RAE e LTI FE
PGSR A R

Dico
i
Dic2
Dic3
D4
Dics

NS5
SCK
MCsSI
MS0

32 HIEERN THIBEHE
TER: (LAt B R T H 50/ 5
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4.2.13.2. ##F AL

IF 7 < B8 3 Ak X
27 PacketFormatI {8 % & A0 H.PayloadLengthfi A T-0R, Bl A & K B HdE g 0.
FERCR B AR AT e R, IR B U RE IR (ERR KT B

f/ME e BT R AN B B R A KA, R A TX AT RELTX/RERAT 11
o

OB IR E 92047775

PayloadLength 14w 5 (14 B R 560, &7 B AT AR MU bk 71 (1 S 3l ¢ . ERXFpE T, 6
B G BT, Wbk s e .

[ 8 K H B s N R IR . S U 7B
¢ [IEf4 (1010..0

o AT (MZKID)

o AliEHHETAT CTYAID)

o HEHIE

& T[IE2FICRCIR L AN

—— Optional DC free datacoding —
+—— CRC checksum calculation — s,

Address Meszage
byte Up to 2047 bytes

e F'a',rl-:'.ad _—
{min 1 byte)

mmm Fields added by the packet handler in Tx and processed and removed in Rx

— Optional User provided fields which are part of the payload

— Message part of the payload

33 BlEKEHFERE
AR K ERIE A

27 PacketFormat a1 B N LN, B g al 48K B 3 Ak =X

FERO R S R AR A ELREIN R AR AL I R T A, AT DR AR AR o 2 5 AL A0
BN OE R B —RAOE %, W PRIERHLIE #1217

BITHR 1, 201349 A
©2013 Semtech Corporation 707 www.semtech.com


Administrator
高亮


;1 SEMTECH SX1276/77/78

FERX— AT, KEZ PP AR BIFIFORI S8 — AN 5 e th, I pl PR fE255 575
IR R, KETHARIHFACMEHEZKEELIN. £ BT, fEngiasd s
P, R+ bl BE B

AR BE R A A i N B R . KA S LR 7B
& Hi3% (1010..0

o [T (MZID)

o KJEFAY

o ANEMHEETT (Y RID)

o HEHIE

& T[IE2FHICRCR L AN

e Optional DC free datacoding — &
. CRC checksum calculation 5

Length Address Message
byte byte Up to 255 bytes

Payload
— —_—
(min 2 bytes)

mmm Fields added by the packet hander in Tx and processed and removed in Rx
— Cptional User provided fields which are part of the payload

— Message part of the payload

34 HEKEHFEE
TR K EHE A

£ PacketFormatf){f % & 790 H.PayloadLengthi’ & NOI, B ATLMRKEHIE AR, 2
S5 P AT LR AT & K P 0, PayloadLength 27 77 2 A 234 H T Tx/Rx A T
THRRIE I B K .

FETXERT, i A% b1 2 TxStartCondition ki€ . TERXIEIT, 2 FDHRAK BRI E
Oif (SyncOn=0) , Huhbidy. SADHTRRAD LUK K AL HEE AL BRI AN T o 7RI
PR, B AL B A A S RERXE UM CRC I, (A TR I CRCA B AT 4T . A
i}, CrcOk & PayloadReady5 Wi [RI &£ AN AT H .«

To PR HAE s X N s . HAE DU FE:
& IS (1010..0

& [ F (MNLKID)

BITHR 1, 201349 A
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o ALEHBRETAY R RID)
o HEXSE

& AE2FVICRCIE AT (fXTX)

i DG free Data encoding )
Address Mzszage
byte unlimited length
£ Payload

E= Figlds added by the packet handler in Tx and processed and removed in Rx
= Message part of the payload
== Optional User provided fields which are part of the payload

35 TEMRKEHEEHEX
4.2.13.3. TxLr#

TR, Bl B A B AR X FIFOHR A7 AL 1) D 38T LA R #R A T BABl 25 107 U B i ol L -
o IR RECE AT TS
o HEh—AETECE MRS T

o ATBLEFGE R T T Bl CTIE R 7+ ar ik 735+ 2D 7H5CRC, JFLI2
TR AN N A 2]

o LA EEIRRD (E2MEREEA)
FIFOF M R s defft sk (il idedtbht 7 B 7 BO o

HA S R ETxE N ig 47 Bl 2 1 TxStartCondition i SR 4 AFI, A 43 i Ak
B RO B SR AR . SRR AR R A A EU AR B 3 A AR L kAT R A ik
BTSRRI T PR EANON A4 2 kg BN, SRt Hs s
RIE—0BRL,  HL2H B B BE L kT

Fedmar F e LT

& I TxStartCondition = 1, HEGAHISEERHE —NFHEANFIFOE, FMHRIER
R LUK S T [E] 28 A 2 A

& WA TxStartCondition = 0, #£%53|5 ANFIFO/) T4 T RegFifoThresh i XK+
+12Z MjE, BRI A HiGisiT.

o HURCZW AR, T BAARIRE /ST IHE TRIFO, HuRt A S ER
BN TxAE A G SLRIITAG
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4.2.13.4. Rx L4 #

RxBET, Bl GAC PLERIE R AT DL R 8kl - 418k (payload) $2HXE|FIFO:
o FENCHT S IR 2 MR

o RREE IR R

& AR B BREERE D

o EFEIEHE AN T

o EFEMEHIKG A CRCHTECICOK R R 4

R (BRI 7 BRI 7B 4 SIS BIFIFOH .

TFE RIS, U S i SRS SR SR [F 20 7 W T e K R i =, 0
W2 1 47 B 71 2 i 2 2 PayloadLength fE R 5E

FER AR RN, AP 7 RIS — A7 AR i B B A K . AR
THEER IR I B I — KB . v a7 A7 A PayloadLengthise B I S 1% KT B 21 i)
PR AR R TR B o SRS (1 it A K T3 A7 PayloadLength o fRA7 (1 e KK
WHZEE R e BT BN, e B EdE .

U AR A SRS A, TR AT AR AR L SR PR 2R A DL [ K AR O T IR A 5
AN AR T . 5% b 5 NodeAddress BRI HLHEAITLRR , 4 4k £t
BB, AICE, BORBACR L, fFCreon = 1, H&HFCRCKE, WRCRCHI,
N TECreOkH R g R HHIARBIFIFO 2 )5, DIO0 EW L h i (PayloadReady
I . FIFOR ) 6 PRI LA/ 5 BBt T LA,

W 5 CRC & WM, M A £ £ fi PayloadReady ' Wi, [F] i FIFO K # 5 =5 . W&
CrcAutoClearOff=17] LA ZE&iZ D RE, Kk, B CRCZRMt A] LLag i ik PayloadReady
Hh kT MIFIFOH A7 8 AT I

4.2.13.5. LPEAHHH

Toib 2 [l e . A AR 2 TG PR R AR Ak X, BRTxAE 0K [ PacketSent FI RxAR 2 T
PayloadReadym CrcOk2 4, *4PayloadLengthfE it FIFOK/N (64575) I, A LA
N AT Al FIFO R Wi/ &«

o T
FIFOR] LAERERR B A/ AU IR S 4, (HAR N A8 e TX L it F2 IS BIFIFOH,

1 EEFIFO (iR /AR e B AT T) , B EFifoThresholdk
FifoFull # &1/
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2) Tx#, ZffFifoThresholdziFifoEmpty 77 (EIFIFOJLF %) .

3) BFEFEAFIFO, HZFifoThresholdskFifoFull 2 &1/

4) YEPATHER2, B 2EANH EE NFIFOCHER 1 i J5 — i K i% )5 , PacketSent
RgELD .

& RxtE:

FIFOfERXZWGE FEH AU RFFARIAS , BLR i IFIFOR H -

1 HFifoEmpty#iF ok FifoThreshold#i A & 5, W4 MFIFO R is2 B 745

2) W RFifoEmpty £V B R FTA T B e T B AL, W N5 1 AFIFOH 32 i =75 .
3) #keEPATHEL, HZE PayloadReadysl CrcOk# & i .

4) FERHREA G FEIRASE AU, IFIFOH S HUIT A IR AR 5717
4.2.13.6. £ # 414 g

SX1276/77/78%H5 A SR PR A 2 PP B ALk BEN LR, PALERIE RAEA FH R EdE 32125 uC,
KK T 2B IhFEI R T AR R

HETFEDPF

[ 25 =7 3ok SR R P TR ) SR BT AR RN 45 R R TR, R 2D IR AR BT B A A
RegSyncConfigfiRegSyncValue()H i THCE CR/h H) o FETXEAT, ZEEHHT
IR, TR R R 4 FH SR i 204 0.«

RN B A A DA B 1 [R5k, #at Ash 5, A4 BUE .
LkR|FE TR, BRI R, 77 4E SyncAddressMatch 7747

JEE: [ FHIE A0 P 6 5 0X00 7 7

FET bt

il if AddressFiltering i J5 gttt AL JE . EAERD 2 BN — 2 ug BRI Z0 E S IL
BEFE ), — AT A (RAZ5) P MBIDHA T RAHCID Ghlb) 12
WML

A LR PR A R o v

o AddressFiltering=01: % Lt 2 ik 7 Bt 5 A 25 /7 28 NodeAddress . 115 7% # FHIL
e, HE G SO, B IEEE E 5.
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& AddressFiltering=10 : X} Lt Uit 2 /9 #h Bk 7= BE 5 W &6 % 17 #% NodeAddress Fll
BroadcastAddress. 15— MHICHD, B EHE GO S e 2 b2, 7 %L
WA LT IR BT IAUME B0 T 2797 SIS 1)) 2 H F .

HEE, BT (EARE 0 WA WA NEIR kR, HAEFIFOH 2
AT . BE4h, NodeAddressfilAddressFilteringf¥i& Fl T-Rx. #ETx#EzA, Bk fribhkid
U8, bk AR AR B AT AT — R RONFIFO.

HhE i EZR [FD 7 UCEL, BT DA AN PR S L 2240 [F] (1 b & SyncAddressMatch..
ETKE

FEV K EEHR T, PayloadLength 21 B A fo VR R R R . an SR ik
FEFANF IR, BRSO, 75 AR R 9 257

THER, IR T (TR — 0 AR A MR kR, HAEFIFOH 2
CIPELE

TR ZIhEe, H P NAEPayloadLengthfE 3 & 2047,
FHFCRC

i f ¢ & RegPacketConfiglH )iz CrcOn Al I JHCRCIE & . X — IR r M Tia & vH 2 158
Bk,

o ETXEEA, RYESHE R A B T NI I CRCAERAT, I HL I e Kt
EER) AP

o  TERXHEAH, ARFEUCEI M T —MRI AT, IR S0 B SRR A
ATXEG . X E 4 RARAEAEAL Cre Ok

BRESL T, WRCRCKE R, WFIFOHZNES, Aar A Rk, X—idiEThitd
¥ CrcAutoClearOff &1/ /i, TEXMIFHL T, EI{ECRCHRM, FIFOWALES, R
HPayloadReadyH Wi Tt . EEE, EXHMIELLT, PANCRCRIGFNFTT# 2 B
fALERAS IR, A fEBEEFIFOY . 1@ Id Az CrcWhiteningTypei HF P FICRCSLHL 7 K.

% 31 CRC ##

Crck#&  CrcWhiteningType ‘ EAE: FFE REME
CCITT 0 (B8 1E) X+ xP2exi+1 Ox1DOF B2
IBM 1 XPexP+xi+a OXFFFF BN

TV PR T % CRCI FICRID LI
4.2.13.7. EnHEHL%
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FrARIZE I AT BE A K H I LRIOPT R N, AE AR SR Sl NE it B, 772
I TCER A 5 A8 o5 F A 98 _E DR AT AN &) SR R  1N) IE IS AT A T & 5N KL
. B, SRR B2 RN R ERK, TR IR A .

M, WAL A B R EOR SR A A AE 1AL

VERE: AR BETT I —Fh 2y

ST IS

UnRDcFree=01, SRS 565 a H R e e 80 e Ui .
WA gAD K107, RO AD R 01”, FEIA TR e ek B A TRt .

TEIXFE DU BRRS Fr A U TR BB LS, FLSE ) LUARR 3R O J i i) — 9y
Z—

SR AL FIERD AN T SR CRCEL SN, T AT SRS AN E 2 A SR CREF A RS
SR, MAT PRSRICRCHRS kA1 1H],  H 2 HiRegBitRate  [¥BitRates kg (H4 Fik =
=JRRF R R=2 x BAHRF RSO

i, A FIFOSR LB MFIFOH SE IR IR 2240 , S AT Rr 4 665 s Y 7 A2 3B WY ) o

REchips@BR | _T1[~i-]1Jo]1JololsJol-o[1]o]l1]iJolilol_
User/NRZ bits . ot
Manchesterore |~ | 1] 1 ol1flelo)l1 ool 1 ]ol1]1|o]l1])eo]..
User/NRZ bits
Manehester DN 1] 1 o|l1|olo 1 i| ] 1

36  SHEIFAIE RS

TR E SRS B 2 H M T LA A P SR AR (ERLAL). AETXE
AT, SEILBEHLR SRR e, TR R, RS SR £ A . 5
SUTHFHOR AL, BOR ST T LRI RS MR G015, AT LU SChR L
ALRE

K DcFree=10, W58 BA/E AAREF? - i8I — IR R L [ 15 A% i 27 47 2% (LFSR)
R ABENLFH . 25, SERIR25 1 CRCE A 5 X AL 747 S Bia 5, HARGn
KR . 8 SR B ST 7 8Os 5, Bda el —im 2 A1k,

Bk, F P UNFIFOSR A E MFIFO SR BUAR T -4, S A/ 2 F AR Fl P 2 i W Y
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LFSR Polynomial =X® + XF + 1

—

\——X‘ {7 -l XE - X5 - X - X - X - X7 | K0

Transmitdata — 1 > Whitened data

37 #HEAHLEZT
4.2.13.8. 15HTXHEC

FE— SRR R AN i, SR ERINE (BRONERD R BRI ARIE R . £
EARTAEAT, AN 22 I DA R s ST FIFO st n] LA E A% AR R Kt A o

24 RegPacketConfig2F [{iBeaconOnik B 1A, FIFOR] LAE BEAR A s AR WL 20 F s
I — VR T AR5 —IRR %G, FifoEmpty§ {345 —FE T, (HFIFOR N R &1
OB R S . FIFFifoEmpty. FifoFullfiiFifoLevelbr &t &K E .

X AAE 8] 7 Bt s 3 B BN T RIFOK BEI AT A o o8 A 5 (Tx-FREAR-Tx...)
(G il st a4, TR TRZE Fras b B sl . BARR 2 WL554.2.13.875 )71 .

BeaconOnff{H 1% B NOKS, BHEHRTxE. FifoOverruni & N1, FIFOIEZ.
4.2.14. io-homecontrol®FF MRS,

SX1276/77/78HC % 1 io-homecontrol®FfF A AR . BT MR EARSZINE B, TEBCR Lt iy
R,

4.3.SPIEO

Al 5 EEFE P ) KRR R AR E 1 CPOL=0A1CPHA=0AH X} N ) [5] 25 4= XU T P M SPIHE
5 A B 27 748« AAE AL (slave)#EAT .

A =R A A7 A 7 3

o IR GYF I AR T 2 R B R T, S R N IR 2 R R
o NSSHIBFEWIIE [P, I RAERE — a7 55 4 fm.

o RV bk T 2 JRERA 2R T kR S R T R B B RIS . X
— AR AT B 1) R0 5 Uy 1] IR T T A NSS 5| B M ) 2 s 43 AR I A 7% 7 19 1]
—ERIFIRAL, ERJE iR e R A B

o FIFOVjin): bl SFIFOf bl —5, B i EE 755 F-hkFIFO. X —Hhuhik
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Az EEN, HIPACE, FRINABAT ZE S 7 Z BT Kk . NSSHIIITE
WA AR AR AE & 75 ) — ELARFHIR AL, (e R G — A itk e J5 4 hi .

TR T AR AR S SP A

Nss | [
S A
MOST XXEK_on X ar X am1¥ ap1 ¥ araf amX a0 am X0 oKD ¥ oSO R Dur{ Dut X Ow I nu X XK

&l 38 SPIA7/FE (&.455/5)
MOSITESCK T B&#S 1 EMLAE A, FFHSCK EFAWHIMML (BISPIEZ L) #E4T#IFE. MISOTE
SCK BT 1 MFLA

Ftita 2 HARINSSEI G 3. UNSSE R, MISOATE mFHPTIRES .
HANFEAUON R, A

o —wnrfr, HUjR YL, BT Y0,

o HHERITANEL, SR R

TR GV MOSI ENURIERIEE A7 582V R MISO ENUEIRIEE — A58
HORBE 7 2B TE e ROR R A UL

HEFE Fr 7 5 il BEIE A MOSI (B &i%EL MISO GEzviin)) 45U, 75 NSS _ETHE,
W FE RiEHIE. £ FIFO #3UF, il oy FIFO Hihik, X374 7E FIFO Huhik
FI T AL, ERAENRNT, WEMhEARE FIFO Hulik, %l e U ) — A Hr it
H s,

24 NSS ZBE N, Migsd. N —Wibdibl— ANk 751G, B, Bkiy S FIFO/
RRAE DG — DB F R B — PR R I 0

FES VI, MISO kBt h IBLAEI B LI T A S H A BT 5 A3 7 B (.
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5. SX1276/77/78 L5 & AT i o G
5.1. EJR SRR

SX1276/77/781EHBEA TAF I S35 A v s Y il o >R FH A 5 FE R TR AL, DAARAIE FE R K A
s i R e e o AEL.8V-3.7VHLE TG N, +17dBmia i TR (R Ffa e, LLEARIE2.4V-3.7V
FHL s 75 il +20dBmi H TR AR R E.

SX1276/77/78W] LA VBAT _ANA.VBAT RFAIVBAT_DIG 3| JJiI A T-AATEG M 5 Hi s LY 5
IHRE. FEEBRAXNHAEENHMEN RS E R TSR, BVR_PA. VR_DIGK
VR_ANAG| B E G A, DRIEAN B RS 608 IEH 1817 .

5.2 1K E AU 2%

[F) B SRR AR L VA U 2, DACEAE FE YR R AR T 5 B BB AR i 5 5 . v DL I 2 A7 4%
RegLowBatifi®#iZ# (i . & id 4 RegDioMapping i] LAK b W {5 5 i 5 B4R AT DIO 5| i

5.3. iZ &R,
53.1. RIEHR

i PRHIE % 28 A SX1276/77/78 1 W (B 25 . ‘& ] AR EPLLAR A BRIV 18] 225 K B
BHH RS S SRR 858 shist (8] (TS_OSC) HUkT it F ik 225 Y5 ) HL AUk
o KT EEESIEAEMRY, E2%7.17 . S EEEXTARIXTB ] 5 B /R ik
Vies HHIE . SX1276/77178% 1% 3 s ]34T AL FEE R 7 4815 T A e I H hfil & PLL.

BeAb, U R] DU AR I B B AR A AR o o T — RIS D0 T, 3K SR AN felr by B 77 25 PR
I EAMEE S AR IR 5 3 (TXCOD RS 2« 4 I AP I B, 27 /7 4 RegTexoli TexolnputOn
Frb st BoNL, HAZIphiRN TS XTASI (5I05) A&, XTBIIM (51H6) 2 frfr
T

A 5 IR I AT 1.8V, AREMGHER (Cp) MEEHE, HRENTCXO
PN AT W

o
>
=
5
o

T &
L
S
TCXO oP
32 MHz
VCC(TOVCC
GND Co

39 TCXO ##
5.3.2. CLKOUTHIH
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& i RegDioMapping2 H ¥ICIkOutfiz, 1] LAZEDIOSH|JEl (5IHHI13) 3R1E S H i u)
3. CLKOUTHith A PN LN A, E045:

o DR HGRAN B L, AWM ISR A, DUTZ A . CLKOUT
A AAE BRIERRAS A AN Fr A ARG AR, JF BLAE R A = 847830

o ARG HRSHEHH . CLKOUTE 5l & oV i B0 UG 1 S AR R 2
JERC: KR A FEN A NSXL2T6ITTIT8 T H Ji THFE, 13 #5517 (& 1T HICLKOUT /5 %»
53.3. PLL

SX1276/77/78MI A MR A IR TN L — B — R 0 BINRUPLL, X ANPLLLL R ARR S
PRHSE NS . APLLIAT 58 W B X RT3, R4 ST (PR HT 75 B 2, Hodp
B3 —ANET LG ]

SX1276/77/78 PLLEH 19LL K1t sigma-deltaif il 8%, 1% il % 1455 0 R AL BEAIR Y
Bl PR ERTE e, HatE AW T

FX()SC

F = Aot
STEFP 7]9

A ] DUE T RegFrfidt T B, 78 550x06%0x08%5 % /M it :
Frrp = Fsrpp* Frf(23,0)

TR FfGIE =7 HOSFEIE R K 5 ARegFriLsb #7416 7 3¢ 7 Ti——FrfLsb #f
FHEE . XA BEL T LLFE TG H 5754 M ) BT . 3 B R i BT 0
IR AR, 7] LLSEB b TG it 15 i ElRegPIIHop A7 77 #//JFastHopOn

1z,
SCRF=RIRES, PRI R

*k 32 K

Py YE R Vi
HEA (HF) 820-1020 MHz SX1276/77
B2 (LF) 410-525 MHz SX1276/77/78
HEE3 (LF) 137-175 MHz SX1276/77/78
5.3.4. RCEHR

FEARTHABMENRIRAS T, THZUE 7 45 1 T A R I A 2 A RO T P AR ) SR RCHIR % 4% (1A L
2R ae e ST LA 2 B ERE, BRI
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5.4, REHHI#ER

SX1276/77/78HI K EHL IR A pige . WHI3S (LoRa "MIFSK/OOKEHI#E) « Tk
Fefi--E I VR PASZEL LA L B R TS R .

54.1. MR

ST o 0 45 4 DL T

RFO_HF —<}

PA Regulator

RFO_LF

oA_800ST 5_4

B 40 S YiEImEHE R TE8PA B E
5.4.2. HHRTHRBOCRE

£ FEH, PA_HFFIPA_LFANERCRBORS, BRI PKALIBZHN (-4 dBm=E
+14dBm) [ 7] U85 G A % AR 19 FL IR 9 R B B H 22 S0RK AR 1) f1 4k . PA_LF7E i3 500K
FISEL (525MHzLL RSB , MiPA_HFIIZE 555 = A (860MHz LA ERIASIED . #i
H Dyt R R AR UK, MR R TE3.3V A

PA_HP (FIh%) 5PA_BOOST S| iR IF H a8 o0 i SCRFI T A ML . B RIS TAE
NRAIER|+17dBm, JHHAME TAEDR A LA #]+20dBm. 5T HAE+20dBmIh R %14
HAKIZITEDL, 2 W.5.4.3.75,

*® 33 DEHUAFEALFERER

PaSelect EHIhEAR

BITHR 1, 201349 A
©2013 Semtech Corporation #81 www.semtech.com


Administrator
高亮


;1 SEMTECH SX1276/77/78

. Pout=Pmax-(15-OutputPower
PA HFE{PA LFT -4dBm=Z ( P )

0 . Pmax=10.8+0.6 x MaxPower
RFO_HFZ{RFO_LF35| il +15dBm X X Naxrow
[dBm]
PA_HPTPA BOOSTH| -2dBm&
1 - - Pout=17-(15-OutputPower) [dBm
B, (LR +17dBm ut=17-(15-OutputPower) [dBm]

VERL: - KT AR200BM Iy FF 1 FHIERIFIR ], 525 LU A2

- YRR F FAEIE SR, % B IR ar0cpTrim, #iREREERIE T
H IR o

- Z1RPA_BOOST 7/ BIAKBAEH, W] LIF & T 75
5.4.3. fE+20dBmE R &M T HERME
SX1276/77/787EPA_BOOST 5| JHIRE W 3 F¢+20dBm I = Dh 3, A E -

* 34 BUFERE

o ez
A RHEE PA_HF/LFZ¢+17dBm

¥PA_HPIPmaxi% &K
+20dBm

RegPaDac | 0x4d 0x87 0x84

Vi - [EHPA_LFEPA HFAf, &L 8 EUAH .
RegOcCp /1714 77 1R BR )  ads b7 TS B G 53 7K Fo
FE+20dBMITI SR 4 E T, 38 FH I 400 5 e K0 5 18 LA S #8475 B PR ) L 36 321633,

R 35  A+20dBm SIIESL NHIRIEERE

% ik B/ME  BoKM M
DC_20dBm 7E+20dBmiir i Zh 3 T B IE 23 L - 1 %
VSWR 20dmm | TE20 dBmAHIIR T, R CHHK a1
- VSWR

& 36  £+20dBm EIIFES I THIRIEEE

B/ME  BKE B
VDDop_20dBm 1E+20dBmi H T2 T B FLIR L 2.4 3.7 V

EMRUEREIR EVEE N (-40°CE+85°C) LA AE+20dBmMINER N, Kik G2 AT 1%,
HRZ0m O RVSWRA3:L., kT HABEXMEE, HBERARE.

54.4. HRGF
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FEAFI ARSI RORY B2 ARG SX1276/77/78 ) 2 MUK 2% G S i s i
P T L BB A SZ (P WA FEL IR BN A PR, BRI Rl g 7 X ads T LA 1 B ) A 27 il 43 52 B 3ok
WEZI, R AT RERE Ik AR FIPAEAE, LAIE H Al K . BRIFLAHE FHRegOcpH (1)
OcpTrimfizizdl], Hit&EAXMT:

*® 37 RRIPEREE

OcpTrim s Imax A=,
0-15 45-120 mA 45 + 5 x OcpTrim [MA]
16-27 130-240 mA -30 + 10 x OcpTrim [MA]
270 & 240 mA 240 mA

JERE: \MaxX KAE T 25 KA I FFFEIR A, KTESX12T6/TTIT8 TR A L)# HiFE 5T
Imax+IFS.

5.5. B Hl R
55.1. MR

SX1276/77/78HC & HUF-HAML, ZHAHIIELNA KIRATRIE 2 J5 S B BT 5 7 1 72
B T LoRa™ I 7 2 4, ARIFZIHLIA BEMRIIASK . OOK. (G)FSK & (G)MSKIfil{E 5
Ve FRIR . WAl R R B AL SRR T Y A A i O ST, BB SRR
o BHLERERHT B3N e, MTIHEm 1RSSR & H seE s & ami) .

552. HYUWHIITE RERRE

PRI AT, 58 LT DhRERBRR I ROIRAS . — BLSE AR T 3 BRI LR AR i A0
s, BBONLSZEIEN “HUUIT R 7 RS RS T, Bl R P & SR 20T
Y BRRS SIS AR HERT LU 2 2 > BIZIHEN “ BRSHLIE BR 7 IR o AR RS LI ER IR T
B 5 A 51 5 T E Frds Ab Bl . 9% T SX1276/77/78H L H "7 DI RE ) 5¢ B 4
B, EZ WAL T AT

5.5.3. FSK/OOKHER T K B Bhih 25 #51)

FUHLE A AGCH M, R UL AT PAAL BR B K B 25 Yo Bl N 1 3 A5 5 -- AR 350 1] 0dBm Bk
0dBmLL k., [EIEEERIF R Gie . TR TIS TSX1276/77/78 LNAR] FH 14 25 () HL RN F AN
P3P RE

%= 38 LNA B/ #SMHEE

BITHR 1, 201349 A
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RX input level (Pin) Sf;:::g LnaGain Rec:,:g,"[‘ d';'}"“ Ban:ilFstzn Bar:ldpgﬂﬁ
[dB] [dBm]
Pin <= AgcThresh1 G1 ‘001" 0dB 4/5.5/7 -15/-22/-11
AgcThresh1 < Pin <= AgcThresh2 G2 010’ -6 dB 6.5/8/12 -11/-15/-6
AgcThresh2 < Pin <= AgcThresh3 G3 011 -12dB 1M/1217 -11/-12/0
AgcThresh3 < Pin <= AgcThresh4 G4 100’ -24 dB 20/21/27 2/319
AgcThresh4 < Pin <= AgcThresh5 G5 110 -26 dB 32/33/35 10/10/14
AgcThresh5 < Pin G6 "1 -48 dB 44/45/43 11/12114

5.5.4. FSK/OOKHA FHIRSSI

RSSIH & S Btk A 1 #UE 5 2h R, ERAERIHLIH NS . RssiValuetd & 1
SR ZEALRHE, dBmHAL, 3R 080.5dB. AN A AR 1A EHE S
SN RE VSN ERE P HTP S

RssiValue = -2 - RF level [dBm]+ RssiOffset [a,’B ]

A] PLiE T RssiOffsetXf RSSHE #E 4T %M, MM KE UG K 9 2% 451 2 AN LNA R HE 235 HAE N .
AMEAE T LA LLLdB A K [11-16dB R +15dB 2 [Ali 718 #F . WRSSUEHTIMEZ S5, &
UG T R B

RSSI{dBm)=— Rssi ;'ah,r.e

AR 2 IKRSSERFHE, 13t FIIMRSSHE, RAEHI B P 3. RSSHE IS FE 5 18
HIRSSIRHFEUCHCH 5. RssiSmoothingi FERSSIFHE ALY, KUt 251256 (LA21%
HOR NS o FE(F ML J910dBHIIE LN, 41X RssiSmoothing ik & 1A [FIRSSIFEE H &
F3645 T AR N A TFRS SR B K i B2 B 8]

# 39  RssiSmoothing Z£Z7

RssiSmoothing  Number of Samples Estimated Accuracy Response Time
‘000’ 2 +6dB
‘001 4 +5dB
‘010 8 +4dB
0T 6 338 ” (RssiSmoofhing-Q—l) ]
100’ 32 +2dB ms
01 64 t15dB 4'RXB“'[kHZ]
110 128 +1.2dB
111 256 +1.1dB

BITHR 1, 201349 A
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MR SARSSIKERE T a3, XMRSSIFATRAE .

55.5. LoRa™ER FHIRSSI

LoRa ™1 i fif 1 28 £ = R SS I 5 FSK/OOK i il fif 1 4 2~ IRSSHE HEAAH R . 7] BASE
AR A5 LoRa i Hi i 2% LR (lRSSIME .

RSSI|dBm| = =137 +RSSI

5.5.6. {SBIEHE

E R A TP A RS 18 2 A S RN R . SX1276/77/7845 i JE B R E B — A
16-tap A PRk e B2 (FIR) JE VR #5 K TE Bl o YR Ay B A IR SR AR /E A, Rt gE I BH A M g
ANS N AR A5 T8 A 1 B 1 RCEE IR, T A SX1276/77/78 A HiAIR 375 w4 AH AL M 7 2 o)
AT A A 0 1 B AR BRI R

VER: KT IENHRIF PR, 15 HEFFF A BEGT HG WL IR (HFF<2 X
RxBw) .

LI PEW AR 55 RxBw H RegRxBwH! (1) 2 £ RxBwMant FIRXxBWExp 7 il :

FXOSC

RxBw =
RxBwExp+2
RxBwMant x 2 P

FEAE FB2MHZ 225 IR 5 45 (R 0 1 W] LA DA A% R 81 Y (10435 08 5 o i 9«

= 40 AT/ RxBw I &

RxBwMant RxBWEXxp RxBw (kHz)

(=R MED (kD 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 5 104
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

BITHR 1, 201349 A
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01b /20 3 50.0
00b /16 3 62.5
10b /24 2 83.3
01lb /20 2 100.0
00b /16 2 125.0
10b /24 1 166.7
01lb /20 1 200.0
00b /16 1 250.0

FAb R E 1

55.7. BENE

ok B IR AR RN AR LA 202 A, 28T SR S Pl P8 W B A Rt Tk P A 700 8 o A R BRI T
J&, {ETempMonitorOff & B AL 2 3¢ . &N & 45 A7 % RegTemp I TempValue
T, BT REFF A AR, IR I B 45 R4t RS B N +-10°C. A T RIE TR & 45 1 1)
FEIE, BT AR B AT HE . R TRAE R AT R . BB 2 0R1E, A
A, 2 WA BRI #5 .

—+— RegTemp —#— Temp before —+— Temp after
Example temperature curve, typical device Temperature Chart [Dec] E;_aé\]branon calibration
Correction Factor 15
Temp before  Temp after r\q B 80
Actual Temp  RegTemp i raion calibration 224 — ~—]
[Celsius] [Dec] 7 S ”
1°c] el T, . 65
85 8 74 89 e e g
75 90 5 D 192 ~
65 0 54 69 /\ 50
55 1 44 59 =
59 | < 160
45 22 33 48 $ \L a5
35 23 23 38 <z =
2% | g
25 24 10 25 2128 .
15 0 15 > 20
o
5 10 5 g . A/ %
5 21 5 [ = s
5 33 8 = g
25 4 24 29 g
35 56 56 a1 64 - 10 &
30 63 53 48 / 2
32 = = 25
|
0 40
40 -5 -10 5 20 35 50 65 80
IC Temperature [*C]

41 BTN
QP SRAE N A A PR AR S, U %1% 4% LT 2D BRAEAT R 4E «

o BB RAFIGEN, SSRGS
o KSR ENFSRBE;
o JTempMonitorOffi B N0 (BZIMEEE) o TTHREFFPLLBUE FER;

& ZEFF1400FD;

BITHR 1, 201349 A
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ir s A e BEFM

¢ FETempMonitorOffis & H1;

o IS B IR AR A A HUR

o THERegTemplhif E1E .
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6. FArasiiR
DAL ESWPIR L TR (FSK/OOK #ial LoRa ™ #i) g . T RXT &AM
fir BRITNREHEAT TICE, FHER T BiAh TAEBI T %5 77 S8 18 1L .

6.1. FAH/ILER
k4 EEHELE

Huht

TEITHR 1,

RS s

FSK/OOK &
A

LoRa™ =,

BArfE
(POR

R E
(FSK

Eiiipe]

FSK 5K

LoRa™ =R

RegFifo 0x00 FIFO /%575 v
RegOpMode 0x01 iz &LoRa™/FSK
RegBitrateMs . g
g X OX1A PR, R A
RegBitrateLsb unused 0x0B PerrZe B, mARA A
RegFdevMsb 0x00 A B, B
RegFdevlLsb 0x52 W WE, AN 2
RegFrfMsb 0x6C SR, fe v UL
RegFrfMid 0x80 SR AN, TR AR
RegFrfLsb 0x00 UIRTEC®E kS S X A SR C A
RegPaConfig Ox4F PA e #58 F14a0 H D 22 42 il
PA R} B2 8] R0 AH R
RegPaRam 0x09 .
g P PLL (¥4t
RegOcp 0x2B TR
RegLna 0x20 LNA K&
: RegFifoAddr AFC. AGC. | FIFO SPI {5
RegRxConfig 0x08 0x00
Ptr ctrl £t
RegRssiConfi | RegFifoTxBa
g g 0x02 | 0x80 | RSSI e lh Tx B
g seAddr
RegRssiCollis | RegFifoRxBa RSSI 545
gr g O0X0A | 0x00 ‘,Jﬁkﬁ Feht Rx
ion seAddr Er
. . X | BERERIE
RegRssiThres | FifoRxCurren i RSSI H{H %
gh on OXFF | RN | T | maiE s
ik
_ ReglrgFlags \ . RSSIfH (¥ | WiE IRQ ##
RegRssiValue NIE S
g Mask | AR ey | s
—é‘—‘é‘\@“ S .
RegRxBw ReglrgFlags 0x15 0x00 f i;iﬁ\&%& IRQ #r&
iy i 455 1|
RegRxNbB AFC {Zi&jE JH
RegAfcBw egRXNDBYL 0x0B | ANi&EH . ,j “f;/fé %%LI&?{E’]?
es AR T REE
RegRxHeade . N A
RegOokPeak 0x28 “IE OOK fiEif 25
g rCntValueMs X = iR B S
2013 9 H
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b
RegRxHeade OOK i1 &%
RegOokAvi 0x0C ,
9 g rCntValueLsb EARER
RegRxPacke
RegOokAvi tCr?tVaIueMs 0x12 OOK 1A 3%
SR X s | T | Bl
LA EIEEIRA
RegRxPacke
Reservedl7 0x47 -
tCntValuelLsb
LoRa™ i i
RegModemS
Reserved18 g 0x32 | 0x10 - il i A% B3
tat s
=) _NH
RegPktSnrVa . B L%z
Reserved19 - Ox3E | A& - P 0 A5 ik
oA {E
| RegPktRssiV AFC M FEI | fJa— 4k
RegAfcFei 0x00 NiE
J alue IE e ALY RSSI
RegRssiValu
RegAfcMsb 0x00 SidE HL i RSSI
g e MER Arc ik i
RegHopChan 1E FHSS #&H{E
RegAfcLsb el 0x00 | A& i ki
nel 8
_ RegModemC WA AR 2
RegFeiMsb i 0x00 0x72 .
g onfigl THEHRA | MR E 1
_ RegModemC RiRZE WA AR 2
RegFeilLsb i 0x00 0x70
g onfig2 VI ENCHE 2
R Ti AT S 4G s
RegPreamble | RegSymbTim oxa0 | oxea HU%TQ‘/)J FEUCHLER I
Detect eoutLsb WE 18
i RegP | A Rx 13K
RegRxTimeou egPreamb OX00 0X00 R Rx 153K
t1 eMsb 1 RSSI
. ArF RSSIAN | AT SLK
RegRxTimeou | RegPreambl iR f Hu "
0x00 0x08 | PayloadRea
t2 elLsb
dy
AT RSSI A
RegRxTimeou | RegPayloadL AR 4 LoRa"™ 171 %
0x00 0x01 | SyncAddres 3
t3 ength s K
RegMaxPayl Rx J&#i[a]ZE | LoRa™ 41 %k
RegRxDelay : Y| ox00 | oxFE R RISE e o
oadLength iR INERT PN
RC #kFZ#s %
RegHopPerio H. FHSS Bk45 &
RegOsc 0x05 0x00
g d CLK-OUT 4i 301
RegPreamble | RegFifoRxB BT SIEKE, | FIFO i
g grioRXEY | ox00 | A3E R Hii%fi PO
Msb teAddr wEARL | BAFETM
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ir s A A WEFM
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Hodik
RegPreamble | RegModemC 0X03 0X00 TSR, | R
Lsb onfig3 BARE RN | MEHERE 3
R i EpZEan
egSyncConfi 0x93 ﬂ/fl il
g 5 il
RegS Gk Z=a=
egSyncvalu ox55 | oxor | NPT
el-8 1-8
RegPacketCo LAE /a5
0x90 15
nfigl X WwWE i
R Mz He
egPa.cketCo 0x40 ﬁﬁf@ﬁ%ﬁ
nfig2 WE
'Fl N 1 N
RegPayloadL 0x40 MK T
ength =
RegNodeAdrs 0x00 A1 Sk
RegBroadcast
g 0x00 I
Adrs
RegFifoThres Fifo BI{E.. Tx
OxOF Ox8F
h EUh A
R 1 \é P (=]
egSeqConfi OX00 ]ﬁﬂ?zm?%ﬁ
gl wE
RegSeqConfi T 52 7 2
eg eg onfi OX00 )Jf(ﬂmﬁf?%ﬁ
- RESERVED =
RegTimerRes 0X00 SET#% 1 F1 2
ol I3 AR A ]
ReaTi rEE 1
egTimer1Co OXFS SEIT A 1%
ef =
RegTi 2 EFT28 21
egTimer2Co 0x20 FEM &% 2 W) i
ef =
B RAET
ReglmageCal 0x82 0x02 .
e )
JE BF @
RegTemp ) T T AR AR
1B
R ERR
ReglLowBat 0x02 .
0 BE
PLL i g1k
ReglrgFlagsl 0x80
eglrgFlags X F—
RSSI
ReglrgFlags2 0x40 FIFO 4b P fx
H. KRR
RegDioMapping1 0x00 DIOO | DIO3 5| ik &F
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: : DIO4 % DIOS5 5| it
RegDioMapping2 0x00 Clkout i
RegVersion 0x12 O WRAR--FHRFHRE 1D
Pl s Bk
RegPliHo unused 0x2D . RAEH
J-op il
RegTcxo 0x09 TCXO 5 XTAL fi N &
RegPaDac 0x84 PA B RIIHRERE
RegFormerTemp - 1Q ASHE JH ) A7 T o5
RegBitRateFr RSN
nused 0x00 .
ac Hnt X EE /NGRS 53 AL
RegAgcRef 0x13
RegAgcThreshl OxOE N
AGC H{H 1%
RegAgcThresh2 0x5B ME AR
RegAgcThresh3 0xDB
RegPlI 0xDO PLL 7 a4z il
RegTest - NEBIA A A% . AATES

VER: - L RIS TR E S0 %
BTN THFHE ) 7 s, FEWE (25 A PR E& TR
6.2 HEKLHIES ) ZoniheE (-5 B AL EHA )7 77

6.2. FSK/OOK &3 T & A28 B it

ARATVEGANA T FSKIOOK 53 T SX1276/77/78 7517 4 MLt FI 4525 77 2 10 ELAK 4 2%

B4 S: - B we Bt iR o BE

R 42 EFirasGT

LR (HHb) | AL FSK/OOK #iid

FIFO %3 i N\ i H

0->FSK/OOK #,
1>LoRa™ izt
7 LongRangeMode r | 0x00 | %A AT 7EHEARAE 0 1&
oo TR AR PR kAT
15 BN s
L

00>FSK

6-5 ModulationType rw | 0x00

fEITHR 1, 2013 4£ 9 H
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01>00K
1011518

4 reserved r 0x0 | FilEH

Vi MRS AT AR (At
hk 0x61 FF4f)
LowFrequencyModeO 0> E A (s il g A A
3 w | oxo1 | 0"
n AAEDE)

1A U AT
)

WK AR

000> AR X

001> FEHLAEE

010> A & e i 4 28 Tx
FE (FSTX)

2-0 Mode rw | 0x01 | 011> K%L (Tx)
100> H R & iR A F 40 2 Rx
FE (FSRx)
101->HUE 0 (RYO
110> i fd

111>

U R d A U G A
7-0 BitRate(15:8) rw | Oxla | SRS, WS A
R

FLARR SRR R A
SR RAGIE, R A
A

BitRate =

7-0 BitRate(7:0) rw | OxOb

FXOSC
BitrateFrac

BitRare(15,0) +

GG {E: 4.8kbls

7-6 reserved 0x00 | TiEH

=

5-0 Fdev(13:8) Ox00 | Al AwmFe & = R

=

A A% B (A 2L
7-0 Fdev(7:0) rw | Ox52 | Fdev = Fstep x Fdev(15,0)
## 1. SkHz

7-0 Frf(23:16) rw | OX6¢ | SHATARIE AT d i A AU

7-0 Frf(15:8) rw | Ox80 | SAAk I Al (8] 2 r

SS AR A AN e ARAT 2 r
Frf = Fstep x Frf(23;0)
B4 14: 434.000MHz
14 HE N FSRXIFSTx 5 38

7-0 Frf(7:0) w | 0x00

BITHR 1, 2013 £ 9 A
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L JE RIS 74K S A
REBIEN

HefE PA it 51 )
0>RFO 5l#l. KRIIHAN

7 PaSelect rw | 0x00 | +14dBm
1>PA_BOOST 3| ffl. &k
Ih# }y+20dBm
RES PN TS

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

MaxPower [dBm]

47 PaSelect=0 (RFO 3| i),

N Pout=Pmax-
(15-OutputPower)

¥+ PaSelect=1 (PA_BOOST

51D, M Pout=17-
(15-OutputPower)

3-0 OutputPower rw | OxOf

7 unused r | Ox00 | AAdiFH

HARRITE «

FSK &0

00> TLHTE

01-> =gk &% BT=1.0

10-> & s 4 BT=0.5

11> = gk 4% BT=0.3

OOK R

00> TLHTE

Olefoutoff /}ﬁ“&: l:l:%‘%

10> feuon JEPE =2 x LR
(HeRE%<125kb/s)

11> i

6-5 ModulationShaping | rw | 0x00

4 reserved rw | 0x00 | Fik4

FSK AT RETHR Rt 8]
0000->3.4ms
0001->2ms
0010>1ms
0011->500us
3-0 PaRamp rw | 0x09 | 0100->250us
0101>125us
0110->100us
0111->62us
1000->50us
1001->40us(d)

BITHR 1, 2013 £ 9 A
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1010->31us
1011->25us
1100->20us
1101->15us
1110>12us
1111->10us

7-6 unused r | Ox00 | AAdiF

A PA FF R RS (OCP):
5 OcpOn rw | Ox01 | 0>OCP 54
1>0CP 715

OCP HLyL I :

#7 OcpTrim<=15 (120mA),

M | max=45+5 x OcpTrim
[mA];

#7 15<OcpTrim<=27
(130~240mA), |

Imax=-30+10 x OcpTrim
[mA];

BB ER, Ima=240mA;

A 1nax=100mA

4-0 rw | 0xOb

LNA 3425 15 5 -

000> T4 ¥

001>G1=fx K25
010>G2=# K1 %i-6dB
011> G3=f; K #i-12dB
100> G4=f; K 75-24dB
7-5 LnaGain rw | 0x01 | 101->G5=# K 75-360B
110> G6=5 K1 7i-48dB
111> i

WA RBUZ MR S 2R
[F 2477 LNA 85 CEIER T
AGC, NiZ e ml e A lE T
Z ARSI D

K45 (RFI_LF) LNA Hi i
%

00> #R4 LNA H
HAh > i e

4-3 LnaBoostLf rw | 0Ox00

2 reserved rw | 0x00 | Fif4

B (RFI_HF) LNA HL3i i
1-0 LnaBoostHf rw | 0x00 | %
00> 54 LNA HLijR

BITHR 1, 2013 £ 9 A
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ir s A A WEFM

11> REERTE, 150%LNA
HHLIA

RestartRxOnCollision

0x00

25 B RN B I 1) 5 e
EN Y SR GINE R E Y
Bl

0> HhE i AT
1>HEERFE

RestartRxWithoutPIIL
ock

0x00

WEAN LN, fl R
FohEE

BT AT AL, &
D
RestartRxWithPIlILock £

RestartRxWithPlILock

0x00

BEEN LIS, koL
FEhERF
IR A RTZ AL
PLL 52— I [A] g Bl e

AfcAutoOn

0x00

0> LN LA B A REAT
AFC

1> WU R B35 3EAT
AFC

AgcAutoOn

0x01

0> 5 LnaGain 5% % &
LNA 325
1->th AGC #i#ill LNA 1475

2-0

RxTrigger

0x06

FAH LR B I FE R fd R
AGC FlI/=l AFC.
UK 18.

7-3

RssiOffset

0x00

WS 1) RSSI fe, LLEM2
HiS (LNA. SAW JEIK#3%)
g1 R B AR 2

1dB/LSB, —ikilMiEE

2-0

RssiSmoothing

0x02

& X RSSI P HME BT
000> {# FH 2 UCRFE
001->{f FH 4 UCRFE
010->1# FH 8 UCKRHE
011->1#i ] 16 VCRAF
100->1# H 32 CEAT:
101> H 64 JCRFE
110> 1 128 VK FE
111->1# F 256 VCRAE

7-0

RssiCollisionThreshol
d

0x0a

BCE AT E RN 2 TP
IBAEL, R R AE K e ot

BITHR 1, 2013 £ 9 A
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ir s A A WEFM

7%, 1dB/LSB({¥. RSSI #4h1)
HA{E: 10dB

7-0

RssiThreshold

Oxff

Rssi FHIKT ) RSSI il & T TFR =
-RssiThreshold/2 [dBm]

7-0

RssiValue

RSSI 455416 [dBm], 0.5dB
K
RSSI=-RssiValue/2 [dBm]

unused

ARAEH

6-5

reserved

0x00

Tited

4-3

RxBwMant

0x02

(BRI E R
00>RxBwMant=16
01->RxBwMant=20
10>RxBwMant=24
11>

RXBWEXp

0x05

B EERayl

reserved

2|2

0x00

il

RxBwMantAfc

0x01

AFC i 2
RxBwMant %k

RxBwWEXxpAfc

0x03

AFC 2 FH 2
RXBWEXxp %

reserved

0x00

Tl

BitSyncOn

0x01

SEZIEACIPI 2

0>z a5 CHdfa i
X TVERED

1> AR RIT A

4-3

OokThreshType

0x01

7E OOK Hi#fs 7> F14 Hh ik %
B 228

00-> & 5 B
O1->UEEAA ()
10> ¥{H A

11>

2-0

OokPeakThreshStep

0x00

OOK fi#if#%+ RSSI B{EHAF
YR ok 1) %
000->0.5dB 001->1.0dB
010>1.5dB 011->2.0dB
100->3.0dB 101->4.0dB
110>5.0dB 111->6.0dB

7-0

OokFixedThreshold

0x0C

OOK H4E T Hie4h R i e FH (1)
Ifi] 7 3 1L

WA B T OOK i iR
R FH 1) F M1 R L
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7-5

OokPeakThreshDec

0x00

OOK fififi#%+ RSSI HI{E 1%
I8 1

000> A Fr—Ik
001> B Fr— ik

010> &I Fr— ik
011->%3 )\fd 7 — Ik
100> B8 Fr H I
101->BE05 F DU
110> H:A5 J )\ ik

11->F5 75K

reserved

0x01

Tited

3-2

OokAverageOffset

0x00

NI RIS KT B
TN S AR R M ) e A
{2 & (X OOK FUiE -
00->0.0dB  10->4.0dB
01>2.0dB  11->6.0dB

1-0

OokAverageThreshFil
t

0x02

OOK fif- il - 7E MBS T 1
00> =Y i % /321

01> fc=fit Fr g /8.1
10->fc=tid Frif R /4.1

11> fc=hd s % 2.m

reserved

0x47
0x32
Ox3E

T . EORRE R AL

unused

ARAEH

AgcStart

0x00

fE N 1 I — Pk AGC ##
1

reserved

0x00

Tl

unused

AR

AfcClear

0x00

Rx #30 N ER AFC w7 f7 48
WE. U N0

AfcAutoClearOn

0x00

¥ 24 AfcAutoOn % i% B4
64

0->AFC ZF {748 AR 1EH 3l
AFC [ Bt aa I s %
1>AFC /7 287E H3l) AFC
M B P AR $ 1 =

7-0

AfcValue(15:8)

0x00

AfcValue & A b, —it
I AMESRE . ATH TS S H®
7t AFC 18

| RegAfclsb | 7-0

AfcValue(7:0)

0x00

AfcValue s fA %hr, —ik
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FEMLAE R AT S
i AFC 18

JIT DN AR A 7% Bt i A9 U0
7-0 FeiValue(15:8) rw - | kA . i
RegFeilLsb Az,

P m s B 1A 2L,
7-0 FeiValue(7:0) w - | MDA
Hi# iR #=FeiValue x Fstep

WEAN LI, IS
Ox0L M. 16)3shIAGC BT,
7 | PreambleDetectorOn | rw AGC % & HURZAL
0> 5% H]

1>JH3)

fisk S BB BT R RN 1) () T
PreambleDetectorSiz 0x01 | fiL7754%

e * | 00>1 57 10>3 57
01>2 %1 11>7iH

OXOA PreambleDetectorSize 1] LA
4-0 | PreambleDetectorTol | rw 2R ARG R R R
BHA 415 R

R 3 Rx AR
TimeoutRxRssi X 16 X Tyt i
Rssi A KA (il
RssiValue>RssiThreshold )
, AR Timeout H
0x00: TimeoutRxRssi 3 4]

7-0 TimeoutRXxRssi rw | 0Ox00

W R Y2 Rx i
TimeoutRxPreamble x 16 x
Toit /5 Preamble H I A &
A, AR Timeout H
0x00: TimeoutRxPreamble
K HI

7-0 | TimeoutRxPreamble | rw | Ox00

I Rx A5 5
TimeoutSignalSync x 16 x
Toit /5 SyncAddress ¥H Kk
A, A pR Timeout
0x00: TimeoutSignalSync
eS|

7-0 TimeoutSignalSync rw | 0x00

FERSOHL E 2l 3 iR AR )
BAMEIR «
#EiR=InterPacketRxDelay x
4 X Thit

7-0 | InterPacketRxDelay | rw | 0x00
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i 3 ke WEFM

7-4

unused

ARAdH

RcCalStart

0x00

BEMEN SR RC kv
W, B ZN 0. RC
REHE L ARAE R LA 2T fid
Ko

2-0

ClkOut

PreambleSize(15:8)

0ox07

0x00

% CLKOUT #i%:
000>FXOSC
001->FXOSC/2
010>FXOSC/4
011>FXOSC/8
100>FXOSC/16
101>FX0OSC/32
110>RC (HBFR)
111>0FF

R RIERIAT A (N
TxStartCondition Ji# /& T
5. (A L)

7-0

PreambleSize(7:0)

0x03

FERIERIIT ALK (N
TxStartCondition Ji /& 7T
15D CHRARE A1)

7-6

AutoRestartRxMode

0x02

TR SO AL e s
WAL E B & S
(PayloadReady &
CrcOk):

00> <4
01>JF/E, AFfr PLL HHr
B e

10> 7F /5, 564 OLL B e (I
RREALD

11> i r

PreamblePolarity

0x00

BB T S A AR
0>0xAA (HE)
1>0x55

SyncOn

0x01

FF e [R5 A AR <
0>%H
1> )3

reserved

0x00

Til e

SyncSize

0x03

A0 7K
(SyncSize+1) i, #
ioHomeOn=1, W}y
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(SyncSize) ¥

0x01 F 78— . (RmEA
7-0 SyncValue(63:56) rw IR A D)
WH T SyncOn 154 Fdi .

LB . WET
0x01 | SyncOn H.

* (SyncSize+1) >=2 & F
8.

7-0 SyncValue(55:48) rw

L7 =71, K& T
0x01 | SyncOn H.

* (SyncSize+1) >=3 5L F
A .

7-0 SyncValue(47:40) rw

FE Ty . WE T
0x01 | SyncOn H.

* (SyncSize+1) >=4 5L~
A .

7-0 SyncValue(39:32) rw

LRI WET
0x01 | SyncOn H.

* (SyncSize+1) >=5 Il F
] .

7-0 SyncValue(31:24) rw

FBFHNT . KB T
0x01 | SyncOn H.

* (SyncSize+1) >=6 1T
fiiH .

7-0 SyncValue(23:16) rw

Frss-trty. Wi T
0x01 | SyncOn H.

* (SyncSize+1) >=7 5L F
i .

7-0 SyncValue(15:8) rw

0XOL AP\ . WE T
7-0 SyncValue(7:0) rw SyncOn H. (SyncSize+1)
=8 1L ] .

S8 S AR B k% X
7 PacketFormat rw | Ox01 | 0> [HE K&
1> AR K

SE X SETR) DC T 4w /i
i

00>E (KM
01-> 2 W rks

10> Atk

11>

6-5 DcFree rw | 0x00

FFJ5 CRC iHHIR 5

4 CrcOn rw | 0x01
(TX/RX):

BITHR 1, 2013 £ 9 A
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ir s A A WEFM

0> %]
1>H 5

CrcAutoClearOff

0x00

2 CRC KB R, 52 LK
AL RS AT A -
0->¥7F FIFO J: 5 Je 8 (1 4k
B A
PayloadReady H ¥,
1>ANE= FIFO. 724
PayloadReady H .

AddressFiltering

0x00

7€ X Rx AU sk i -
00> (KM
01>tk Bl AL AL
NodeAddress

10> Mk = B UL
NodeAddress %,
BroadcastAddress

11> i

CrcWhiteningType

0x00

EF CRC A fL 52
0> 5 4L CCITT CRC
S

1 >4 % HALIY IBM CRC 5k
m

unused

ARAEH

DataMode

0x01

B b P AR
0> L
1> Hi E A =

loHomeOn

0x00

JA 81 io-homecontrol®3f %%
B

0> KM

1> 3)

loHomeOnPowerFra
me

0x00

PR ——E 2 3|
io-homecontrol®# 5 3

BeaconOn

0x00

LA e Hodle trs =R sl S bR
R

2-0

PayloadLength(10:8)

0x00

Bl KB S A AL

7-0

PayloadLength(7:0)

0x40

¥+ PacketFormat=0 ([ g
FE), MK .
¥+ PacketFormat=1 (45K
FE), MK Rx #0 F kK
&, AT Tx B

7-0

NodeAddress

0x00

bk 3mSR
Hk.
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bk I RS ) 3% S

7-0 BroadcastAddress rw | 0Ox00 n

E O UEER AL i 2%
i

%01 0->FifoLevel (Bl FIFO Hif)
7 TxStartCondition rw FHHGEYE T FifoThreshold
()% E fED
1->FifoEmpty 7RI FIFO
B — AN

6 unused r - AEH
2 FIFO rh s
5-0 FifoThreshold rw | OxOf | #>=FifoThreshold+1 I, fil

% FifoLevel H1¥r

P T2 5 T 2%
WENTE, PATHIE"
7 SequencerStart wt | 0x00 | #&.
2085 Ak T BRI B AR ML
NN AREH BN BT 4%

580 1l 5% P S PP o

6 SequencerSto wt | Ox00 | . s
g P BEMA2 N0

T 25 PR AS NI 285 A 48
e

0: ML

1. REARAE S

5 IdleMode rw | 0Ox00

BERREAF AT, 2
SequencerStart i% & N 11,
P53 il 58 P 2+

00: iz

4-3 FromStart rw | 0x00 | LowPowerSelection JR#S
01: ¥#ZBPWCIRE

10: H4Z RILIRE

11: f£ FifoLevel Wi & AE i

TEHHE
LowPowerSelection 5, i
52 728 LowPower JIRA:
0: SequencerOff KA, &
R TAIAAR

1: FRIRE, 14 1dleMode

2 LowPowerSelection rw | 0x00
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W B PO R T AL
T A AR S

TR PR EFAE
RIS A LowPower 2
.

FERAE T b, $E e
LY NGRS

0: Fef B RIZIRES

1. BBl

1 Fromldle rw | 0x00

25 1) 2 7 2 RIEIRES «

0: 7£&k4: PacketSent 1l
I, e
LowPowerSelection Rz
1: {EK’E PacketSent H
I, B RO

0 FromTransmit rw | 0x00

P il 58 7 o8 MAZWSCIRAS «

000 A1 111: AAd

001: 7£%k“: PayloadReady
T, AR
PacketReceived R %

010: 7£ k4 PayloadReady
HTIE, A A
LowPowerSelection Kz
011: 7£ &4 CrcOk Hilkr (1)
N}, 4% PacketReceived
100: 7E&4: Rssi HkT,
% SequencerOff R
101: fE&K4: SyncAddress
HHTEE, AR A
SequencerOff IR

110: 7£ & 4= PreambleDetect
HHTEE, AR E
SequencerOff IR

7-5 FromReceive rw | 0Ox00

TR B E N FME, BRAE T2
ST P

LowPowerSelection JR#S

(L W% CRC KAAHRE (K
R, CRC HEH
CrcAutoClearOn=0),
PayLoadReady H 744 I %)
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ir s A A WEFM

E i3k N RxTimeout 2k
<

BN o

4-3

FromRxTimeout rw

0x00

7E &4 RxTimeout H Wi
(¥ FromReceive=011, |

5 PayloadReady i),

RS HAIZWCIRAS :

00: j#it ReceiveRestart ¥

e B WPCRAS

01: s KR

10: s

LowPowerSelection Rz

11: H# % SequencerOff

Ji&: RxTimeout 7747 % —
A TimeoutRxRssi .
TimeoutRxPreamble z{
TimeoutSignalSync 774

2-0

FromPacketReceived | rw

0x00

PR HLA
PacketReceived R%5:

000: *##:% SequencerOff
001: fEX‘E FifoEmpty i,
e RIRIRAS

010: ##=
LowPowerSelection Kz
011: AR KRAAN, @il
FS i 2 HEBCRE
100: ##rZBEHPORE CRE
HE A EEARAL )

7-4

unused r

A

TimerlResolution rw

0x00

SERTEE 1 iR
00: Mm% 1 KM
01: 64us

10: 4.1ms

11: 262ms

Timer2Resolution rw

0x00

SERT 3 2 iR
00: Em 4 2 KM
01: 64us

10: 4.1ms

11: 262ms

7-0

TimerlCoefficient rw

0xf5

SETAS 1 A8 250
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ir s A A WEFM

7-0

Timer2Coefficient rw

AutolmageCalOn rw

0x20

0x00

SEI & 2 151 R4

12 i BRI HE LA

0> 5% P AR A8 T L3 EAT A2
WL HE

1> JF AR B AT (4
eH LR HE

ImageCalStart wt

W B NFRHUE AR, filk 1Q
1 RSSI K

ImageCalRunning r

0x00

B RSSI K HEIZ AT,
BAH 1.
R FR G, VN 0.

unused r

ARAEH

TempChange r

0x00

JWAE E— KRBT RSSI AL
)5 ) TempThreshold
IR IRQ Fri:

0> iR A AT
TempThreshold

1> AT
TempThreshold

2-1

TempThreshold rw

0x01

b AT 11Q RZHE TGS
AR BRI -

00>5C

01->10C

10>15C

11>20°C

TempMonitorOff rw

0x00

PR I 2518 1E

0> 58 PR BEHR AN R LA X
A A A 3 I M
1> 15 1R

7-0

TempValue r

D& R
R A R A-1°C
i B LS R R R HE

7-4

unused r

AR

LowBatOn rw

0x00

R ERNESIT R E S
0> KM L R A I 4%
1> M i A 25

2-0

LowBatTrim rw

0x02

LowBat [ {H 1 % :
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i 3 ke WEFM

ModeReady r

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

4k %4 Mode SR ) T
PEREARS, BB
-Sleep: kN HEARAR
-Standby: ARG A IELE
iE17

-FS: PLL #8iz

-Rx: RSSI fliFE 4G

-Tx: PA RHF5ER

B TAERE A 1S B % A7 o

RxReady r

7E Rx #ix{HF RSSI. AGC
1 AFC J5 ¥ Bz,
B H Rx ARG B AT

TxReady r

£ Tx B 1 PA R A
Hz
IR H T BREIE BRIZA

PlILock r

(FS. Rx 8f Tx B ), X4
PLL #8155 B %47
PLL 40 52 & B iAo

Rssi

£ Rx A, 24 RssiValue
#3d RssiThreshold if, 1%
FEREADA

1B Rx BB A 3 B
N LB, ERRZAL

Timeout r

R I A i E A
Bt Rx BB FIFO 5 4 i
THFRZAL.

PreambleDetect

=1 RIS R AN A 00 38 2
(IRSRELNR=S=REAAR
BB LI, JEERIZAL.

SyncAddressMatch

F %) Sync Al Address (Ul
Fazh) w, BEEN.
1B H Rx #20EL FIFO i 25 1

AT,

BITHR 1, 2013 £ 9 A
©2013 Semtech Corporation

%5 106 7L

www.semtech.com




;1 SEMTECH SX1276/77/78

FERR O, AT
B FERFEEUN, A
AL, BUOSAEE .

24 FIFO 7o CEPEL% 66 A
7 FifoFull r - A FREEN, BNE

2 FIFO 5 25 N ¥ B 1% s
6 FifoEmpty r - | FIFO #f 14 DL L35
FAZA

M FIFO Hrg i e it
5 FifoLevel r - FifoThreshold i} ¥ & %47,
HIMEE,

2 FIFO KA B PR IN ¥ B 1%
A CHERRBLABRSM) o

4 FifoOverrun - WEIZA, ArEAN FIFO 2
Wit%E. BEJ5, FIFO ffinfiz
BT F — A& Az .

78 T AT, AR tse
3 PacketSent r - | BREE, WE %N
AR HY Tx B i BRiZA

£ Rx BT, 7 b
i, RIS a1
H CRC K IEH (F)R3h T

2 PayloadReady ' | CRC H. CrcAutoClearOff #
HE) NREZM. 24 FIFO
TE I BB
7E Rx BT, 24413 CRC
LT TN R =R
1 CrcOk r - NN . e A v
fi. 4 FIFO & &R 1%
o
w 2 H i R B 2K PR R A
0 LowBat . - A& E %A AP
Pz E N LS.
7-6 DioOMapping rw | Ox00
5-4 Dio1Mapping rw | 0x00 | DIOO %I DIO5 5| il i) et
3-2 Dio2Mapping rw | Ox00 | LoRa #&X T Wi L3 23
1-0 Dio3Mapping rw | Ox00 | FFE= T v L3 27
7-6 Dio4Mapping rw | 0x00 | Zf (=~ L i L3k 28
5-4 Dio5Mapping rw | 0x00
31 reserved rw | Ox00 | T . fREHEE.
0 MapPreambleDetect | rw | 0x00 | ft¥F Rssi
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PreambleDetect #| DIO 5 i
IR, gk 27 FiZk 28 fr
TNo

0->Rssi ¥t
1->PreambleDetect ¥t

S RAE, 7-4 i R 5e ik
7-0 Version ro| 0x12 | EIThRAS; 3-0 fi Bn&)E
FEEASAT FA S o

i FARBSHLEAT PR Bk
#i. 5 RegFrfLsb 4 fi & 4
e

7 FastHopOn rw | 0x00 | 0> =R A\ FSTx 5 FSRx
BB, X6 Frf BETI6AE
1->'5 RegFrfLsb I}, fil % %t

Frf (R56E
6-0 reserved rw | Ox2d | T
7-5 reserved rw | 0x00 | fiifd . PREAERAE
P AR 2%
0>y A8 e AR 1) A 4R %
4 TcxolnputOn rw | Ox00 | #%
1> 4B HIIE IEZ 3 TCXO
5 XTA 51 HIAS i 4
3-0 reserved rw | 0x09 | FilEq. fREEHAEHE.
7-3 reserved rw | 0x10 | FiEH. fREEHEHE.

£ PA_BOOST 5| il F 5 3h
+20dBm &I
0x04-> A4 18

0x07>%
OutputPower=1111 ki, 7
PA_BOOST I A+20dBm

2-0 PaDac rw | 0x04

JE—R1Q (RSSI MEi5)
BHERRAFIIRE . 5

-0 FormerTemp "7 | RegTemp " Tempvalue i
& AAH

7-4 unused r | Ox00 | AAf#H
ELts R A Aias NG 4 ()
FSK BAFH RO

3-0 BitRateFrac rw | 0x00 | # BitRateFrac>0, Ji:

FXOSC
BitrateFrac
16

BitRate =

BitRate(15.0) +
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7-6 unused r - AAFH
NFTE AGC BIE % B I
S A8

AGC %1t [dBm]
5-0 | AgcReferencelLevel rw | 0x19 | =-174dBm+10 x log(2 x
RxBw)+SNR+AgcReferenc

elLevel

SNR=8dB, [& & 1H
7-5 unused r - RAEH
4-0 AgcStepl rw | OxOc | & S E—1 AGC HIfH
7-4 AgcStep2 rw | 0x04 | & A AGC HIfH
3-0 AgcStep3 rw | 0x0b | & 5=/~ AGC HIH
7-4 AgcStep4 rw | 0xOc | & EE DY AGC HIME
3-0 AgcStep5 rw | 0xOc | & 358 4> AGC HIME

6.3. K5 & S B P I B A7 2%

AL OX61~0x73 Huhik 2% 8] () 25 7745 % | 161 %F 525MHz L A B 5% 860MHz LA L i A BL 1
A o XL TFAT AR G AR T REAN R, H AR AT v ey AT A8 B3 s A0 ) (BT A e £ (R B
JEAE . B S shak ok A% 7 %% RegOpMode %5 3 £ LowFrequencyModeOn, ] LAZ AL
i) 4 5 LR B A28 . RS 1B T, £ LowFrequencyModeOn Jy 1 3 B %77 28 AR B L B .

* 43 RGN EFRE

BhRAE &SRB I 357725
7-6 unused r - AT

NI AGC BIfE B B RIKSH1{H

RegAgcRef
97 AGC Z#%1H [dBm] =-174dBm+10 x
Lf AgcReferen
5-0 rw | Ox19 | log(2 x
(Ox61) celLevel
RxBw)+SNR+AgcReferencelLevel
SNR=8dB, [f&{H
RegAgcThr | 7-5 unused r - A
eshlLf
4-0 | AgcStepl 0x0c L —A~ AGC [
(0x62) g p E XA B AE
RegAgcThr | 7-4 | AgcStep2 0x04 | & X3 =4~ AGC BIfA
esh2Lf

3-0 | AgcStep3 Ox0b | & X% =/~ AGC H{H

(0x63)
RegAgcThr | 7-4 | AgcStep4
esh3Lf 3-0 | AgcStep5

fEITHR 1, 2013 4£ 9 H
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(Ox64)
73 [ s
PlIBandwidt B PLL #4758
RegPIILf 7-6 h rw 0x03 | 00> 75kHz 10->225kHz
(0x70) 01->150kHz 11->300kHz
5-0 reserved rw | Ox10 | 7%, {REASREE

& 44 S &

( ﬂ ﬁt) BB 22y R

unused r - | RfEH
NFTH AGC B & B &K SH 1.
RegAgcRefH
AGC Z#%{H [dBm] =-174dBm+10 x
f AgcReferen
5-0 rw | Oxlc | log(2 x
(0Ox61) celLevel
RxBw)+SNR+AgcReferencelLevel
SNR=8dB, [#5E (i
RegAgcThre | 7-5 unused r - | RfEH
shihf 4-0 | AgcStepl rw | OxOe | & X —1 AGC HI1{E
(0x62) gestep A ’
RegAgcThre | 7-4 | AgcStep2 | rw | Ox05 | & X5 —A> AGC B
sh2Hf
3-0 | AgcStep3 rw | OxOb | & X3 =1 AGC RA:
(0x63) gcStep E X COEIER
RegAgcThre | 7-4 | AgcStep4 | rw | OxOc | & 4 PUA AGC HfH -
sh3Hf
3-0 | AgcStep5 rw | 0xOc | & X3 1A~ AGC RIA:
(0x64) gcStep € X1 COEIER
i PLL %
PlIBandwidt PR PLL A
RegPIIHf 7-6 h rw | 0x03 | 00> 75kHz 10>225kHz
(0x70) 01>150kHz  11->300kHz
5-0 reserved rw | 0x10 | . fREEEEE

6.4.LoRa™ B & A7 B i st
PLF1EIR T LoRa™ BT N SX1276/77/78 251732 Wekit [ % 27 A7 B2 1) 19 25

LoRa™ il i 435 FSK Y i A 1A 25 R ST 4% il i, 7 Rix — siHoy S, Rk, i %
FESS I RATAN, HENERMR, A ERE LoRa™ Ml FSK M T (M2 Rk —FEi.

M B % E N LoRa B, A AEin 3] LoRa #f7a% ([FH, FSK #F17a%{X A/ FSK
N AREVT D . HE, HLEENLT, AT AE T 27E LoRa iz T 15 7] Fe Lk FSK % f74% . J9It,
7t RegOpMode % f7#:F161) % 1 fi7 AccessSharedReg. 4i% 7 % & Jy 1’Ist, EIA[71E FSK
TAE A OXOD~0x3F. MR JGRE% IEH Vil LoRa i fEay, SRIVEVGEMHR R E GTE
Fizhi,
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WHES: o 32, w: 5, c: WEIFE, t: filtk.

e f; Eg LoRa™ ik
LoRa™ 2L FIFO ¥ N /4
Fifo rw | Ox00 | Hio 242% 1 b T A AR A% =C A
FIFO #i5%, Joikvin .

0>FSK/OOK #i
1>LoRa™ #i =,
rw | OXO | A AT FERERAR 0 Bzt . H
fihy 2% PE A5 30 R 115 R 4 2
28

LongRangeMo
de

%A AT A A A T B R AR 5B T

1E; Wik E Tz, W RVFE

LoRa #5xCF i [al £ T~ Hhudik 2% ]
(0XOD:0x3F) [ FSK @i {745 1L

rw | 0x0O |1

0-> ¥ il LoRa % 7F %% W [

0Ox0D:0x3F

1> (f£ LoRa &\ ) Vi il FSK

AT 2% VLTH OXOD:0x3F

AccessShared
Reg

reserved r 0x00 | TifH

Ty I AR A 77 A7 2

0> AR =X (T i) A 27 A7
rw | OxO1 | 2efALf)

1 EAIASE 2 (o MR ATR 25 A7
FRIRLRD

LowFrequency
ModeOn

AR

000> MR

001->7FHL

010> H#A k1L (FSTX)
011> ki%k (Tx)
100> A A (FSRx)
101> fF 4 Bk
(RXCONTINUOUS)

110> R (RXSINGLE)
111->fF1EEsR (CAD)

Mode rwt | O0x01

reserved 0x00 | -

reserved 0x00 | -

reserved 0x00 | -

_.‘g_‘_‘

reserved 0x00 | -
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7-0 | Frf(23:16) rw | Ox6c | RF %R AT R 5 im0 A 2L

7-0 | Frf(15:8) rw | 0x80 | RF i Al v i) A 27

RF #A f (KA 3007
F! KOSC! . Frf
Jrr =

o 219

7-0 | Frf(7:0) rwt | 0x00 | # F(XOSC)=32MHz, N|/>#%
N 61.035Hz . Bt H H N
0x6c8000=434MHz . X 4 #%F
Ak T BRI BRAS AL R A 7] AE
BT AR

£ PA iy 51
0>RFO 5. % ThHEA1G

7 PaSelect rw | Ox00 | it+14dBm.
1>PA_BOOST 51l #itHh=x
A5 #5E+20dBm
b= S N TR s BV
6-4 | MaxPower rw | Ox04 | Pmax=10.8+0.6 x MaxPower
[dBm]

% PaSelect=0 (RFO 5§,
Pout=Pmax-(15-OutputPower)
3-0 | OutputPower rw | OxOf | # PaSelect=1 (PA_BOOST 5|
ik ) , |
Pout=17-(15-OutputPower)

7-5 | unused r - AT

4 reserved rw | Ox00 | i

LORA #5334 I [a]
0000~>3.4ms
0001->2ms
0010>1ms
0011->500us
0100~>250us
3-0 | PaRamp(3:0) rw | 0x09 | 0101>125us
0110->100us
0111->62us
1000>50us
1001->40us
1010>31us
1011->25us

BITHR 1, 2013 £ 9 A
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1100->20us
1101->15us
1110->12us
1111->10us

7-6 | unused r 0x00 | AA#f

N PA FF R RS (OCP)
5 OcpOn rw | Ox01 | 0>OCP %4
1>0CP H /3

OCP HLI A i -

#7 OcpTrim<=15 (120mA), i

Imax=45+5 x OcpTrim [mA];

4+ 15<OcpTrim<=27
(130~240mA), M| | max=-30+10

x OcpTrim [mA]J;

HE BN, Inac240mA;

B 1max=100mA

4-0 | OcpTrim rw | Ox0b

LNA M35 1505 -
000> A A%
001->G1=f K2
010>G2

7-5 | LnaGain rwx | 0x01 | 011=>G3
100>G4
101>G5

110> G6=H /M &
111> KAfFH

G (RFI_LF) LNA HiRiH%
4-3 | LnaBoostLf rw | Ox00 | 00>6t4 LNA Hif
Other> i 4

2 reserved rw | Ox00 | T4

S (RFI_HF) LNA HLfiiH %
00>t LNA HR
11427 REUE, 150%LNA H

i

1-0 | LnaBoostHf rw | 0x00

FIFO #dmggri X+ SPI #2111k

7-0 | FifoAddrPtr rw | 0x00
HEFREF

0 FifoTxBaseAdd w | oxso FIFO i 22 b X A k3% i i) 28
r ISP hil

;o | FifoRxBaseAdd | | | FIFO Hells b [X b WO 4%
! s B

BITHR 1, 2013 £ 9 A
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20 FifoRxCurrentA . i BB B 5 — AN fL A A
ddr e (HARZEp X F)
RxTimeoutMas el el T PR = REA R I

7 rw | 0x00
k ReglrgFlags # %M IRQ

B EIGE R T W Bl

6 RxDoneMask | rw | Ox00 | iZfir¥s Bz ReglrgFlags Hixt

1 IRQ
PayloadCrcErro fiak CRC seififRmL: B
5 J w | 0x00 | A4 7 i ReglrqFlags i i
rMask
1 IRQ
NS Rx #5320 B 1 F Rk B
4 o rw | O0x00 | Wk - W B 1% K ROk
ReglrgFlags H %M IRQ
FIFO 14k 32 56 5% A B B i = 152
3 | TxDoneMask rw | 0x00 | B iZArKs ik ReglrgFlags Hixt
N IRQ
CAD 5SERH W bR : 15 Bz
2 CadD Mask 0x00
adoneasi | nw X B#ilz ReglrgFlags H %t Riff) IRQ
FHSS G b pel: 158
Fh h h L
1 ssChangeC rw | Ox00 | LK Bk ReglrgFlags Hx b
annelMask
1 IRQ
Kz CAD KT bRk BB Z
DetectedM
0 Z:f stectedM | | 0x00 | i ik RegirgFlags fid R
IRQ
7 RxTimeout rc | Ox00 | JBIS K. —IREHAEFR IRQ
¥ =y, — v B
6 RxDone rc | Ox00 i&ﬁ@/\j&q&mﬁzthliﬁ. Sk
TEIERR IRQ
PayloadCrcErro i CRC iz lr: — k5
5 rc | 0x00 -
r fEIERR IRQ
. Rx 1 ~ Ba i B 1A Btk —
4 ValidHeader rc 0x00 N
R EHEAEER IRQ
FIFO f#k ki s i i : — k'S
3 TxDone rc 0x00 .
BAEIER IRQ
CAD 5ef: B 5#EHR: —

2 CadDone rc 0x00 .

REHAEIFR IRQ
FhssChangeCh FHSS & EE . — k5 #

1 rc 0x00 .

annel fE1ER IRQ
CAD #1E R 245 44 Lora 15
0 CadDetected rc 0x00 )
T —IREEAEER IRQ
Y, - P
7-0 | FifoRxBytesNb | r n/a Bﬁﬁ BBt AR R
FAH
114 www.semtech.com
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BRJE— R Rx BEUE IR

20 ValidHeaderCnt . a A B Sk B, oA R
Msb(15:8) (15:8) L AN Ha B v E A8 7
AR AR T E AL
BJE— IS Rx B #IK
20 ValidHeaderCnt . a B A Bk Sk, BAKAH &L
Lsb(7:0) (7:0) AR A TR 7E
MEAR A~ E AT
BJE— IS Rx BUE#IK
20 ValidPacketCnt e |na HA s B, A RhL
Msb(15:8) (15:8). i AR AT H 2
HEAR AR T H AL
BJE— IR FEHE Rx BUEHR
20 ValidPacketCnt . a B A s B, BARA Rhr
Lsb(7:0) (7:0) LR T E AR AE
HEAR A T H AL
7-5 | RxCodingRate | r nfa | fJa— BB RCK IR g Y 5
4 r 1 W R A
3 r ‘0" ks BA
2 | ModemStatus | r o) RX 47
1 r ‘0" G5 2P
0 r ‘0" for il 25 5
B E I BRI SNR i
7-0 | PacketSnr r n/a frifl, BL=dttARSA AR EL 4.
SNRLdE] = PacketSnr[nv;Js compliment]
I JE R B B s A RSSI
7-0 | PacketRssi r n/a (dBm)
RSSI[dBm]=-137+PacketRssi
7.0 | Rssi ; n/a HLJ RSSI{E (dBm) .
RSSI[dBmM]=-137+Rssi
24 TX/RX/CAD #:1ER PLL 8
. JE J I
7 PlITimeout r n/a 0SPLL 8
1>PLL 8i5E
BRI 1 B GRSk S HUY
RxPayloadCrc CRC 5 &
6 r n/a 0o .
On 0>k E/r CRC K
1>k 78 CRC A
5.0 | TNOSPTESNCN | e | s
annel
7-4 | Bw rw | OxO7 | {55 9.
BITHR 1, 2013 £ 9 A
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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

HAhfE > i

A (169MHz) A LHE S
7 % 8&9

3-1

CodingRate rw

‘001

Y R 2

001->4/5

010->4/6

011->4/7

100->4/8

B HAbAE > TR

B A S A 20 AR 1k
Bixhr, DIfETURmLE,
W 4.1.1.3

ImplicitHeader
ModeOn

0x0

0> B AR kA
1> B kil

7-4

SpreadingFacto
r

0x07

SF1H (LA 2 FExi#ekr)
6->64 4 ;1555

75128 14 IFF 5
8->256 14 | IFF 5
9->512 i F IfF 5
10->1024 14 1y 1555
11->2048 4 5 /755
1254096 14 1 1555
HARE T

TxContinuousM
ode

0> BB, Rk A Hds
1> FrsE A, Bt FIFO Ri%t%
MNEFRA TS 9

RxPayloadCrc
On

0x00

Kk CRC 13 4
0-> CRC %A
1> CRC H/)3

1-0

SymbTimeout(9
:8)

0x00

RX A 8% 55 8 R

7-0

SymbTimeout(7 | rw

0x64

RX N A 2L

BITHR 1, 2013 £ 9 A
©2013 Semtech Corporation
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Foékath Bk WIEFEH

:0)

RX #AEEIHE AT 5 HR IR
TimeOut=SymbTimeout-Ts

PreambleLengt

B 3 KR Rom A R

BITHR 1, 2013 £ 9 A
©2013 Semtech Corporation

7-0 h(15:8) 0x0 ‘=‘Preambleqllength+4.25 5.
VEWL 4.1.1 75,
7.0 | PreamoleLendt Ox | B I KA A
h(7:0)
TR TR Bk izl R
20 PayloadLength( ox1 TERE T, LRI
7:0) B KE . ARV aHE
WHENO.
TR R AR SRRk f
20 PayloadMaxLe Oxf S HHURESE PN NI PIRSEEE e
ngth(7:0) 3k CRC #i%. RVFXTKIEANIE
T 25 AL AT I D
FreqHoppingPe %ﬁ%ﬁ%%?.lﬁl?@ﬁ%%ﬁﬂo (0=
7-0 fiod(7:0) 0x0 | KHD. bR RAEEE
L5 5
, FSHE 2247 4T fa%r (H Lora
7.0 | CORKBYSAAN] | v | e AR
Ptr
511}
7-4 | Unused 0x00
0> K H]
3 :mi[iztaRateo 0X00 | 1> FFJE: K 16ms
I A Z0FT I
0> 41728 LnaGain % & ) LNA
WA
2 | AgeAutoOn 000 1) 5 i AGC FFEsi T LNA
WA
1-0 | Reserved 0x00 | i
- Reserved n/a gl
25117 7L www.semtech.com
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7. MRAEE

7.1. SR

X A2 5H T SX1276/77/78 FEARIEHEYR I A% H K I AR AR ISR AR A, T B R T
SX1276/77/78 Wi ATIE M, FH AT N T AR .

T 45 EEHRE

RN BB B K BM

& & &
FXOSC | XTAL #i#% - 32 - MHz
RS XTAL 25 24 &
\ 15 100 ohms
JiFQEEN e
Co XTAL 2 % 3
\ "~ =3 )& 3{}: 1 3 pF
JiFQEER
CFOOT | #MiffEI FL 2% %% XTA F1 XTB 5| i E 10 15 22 pF
CLOAD | fiRfa s 6 - 12 pF

TEEC: - IR H #iie 17 S 7 [ R BB TR FFAE I P 78R il JE RS e TR
HEIERE
TEH 2 I B HEHE FFRRHE XTAL 935K Cload A% 1T I3,

7.2. 5 EA
SX1276/77/78 W5k FHEL (POR). Ak, wa] LLdakdsd 5l 7 347 F35)
=X DA

7.2.1. POR

RN ER SX1276/77/78 Wit 5 VDD FiESE, R HEIRA A T B EARE, HP N
L4k 10ms £ POR JEWI4E 5 T MG SPI MEHHTIE(S . 78 POR JFoId 5| 7
(NRESET) MNARERFIPIRE .

VDD |
- |
Pin 7 e !
NReset :
(output) Wait for; Chip is ready from

10ms " ; this point on

42  POR A1/FE
THER: T CLKOUT &3t m] FH T8 Fr A& 5 HE 4 it 2 o

7.22. FHEM
HoF B N SR, B TS DA EL T AW VDD iRz, RS SIS SX1276/77/78 1Y)

FhEAL. EXMEOT, I 7 PIESFRAAR 100 ffb, ARG, #E, M RSERF
BITHR 1, 201349 A
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5ms FHHEEHE .
VDD
> 100 us, Wait for |Chip isl ready from
.._H&H this point on
Pin ? i L II. . ;
NReset High-Z |0 i High-Z |
(input) | ;

43 FrjEihT/FE
HE: [E57 B HESFRARE, TRAZE VDD BB REE 1 =20 HIRTERE

73 TR EFF#%: WA A5

FEMI SN, ERE I AT AR, BT S RC ki ar. B2 e I i o 5
HHINAE T o WA BT HE T, SUBHUR IR R RS HR BR AT b M, Wik
BHE N RN BA R EIE G S, WakH, BRI D RROme i .

MR, JEZ R I (R AE TR Zh AR, DT P IR AR 1B 44 DRk st b
IDERPSSYEIP

‘ ‘ Receive ‘ Idle ( Sleep + RC ) ‘ Receive | Idle ‘

44 WTEERR: [REE
BRI, SRR SRR, AT DORBGE 214730 .

MR B FHFIERES, A DISRE T JURR 7 =S BT B K
e PreambleDetect T i

e SyncAddress g i

o PayloadReady i

7.3.1. Bi-SRD e R

E—FMARERI R T, EFRSHWRT SRR, WM e SEES, NEFR<u,
R PR, RS BRI, B, BHLAE R A Rx B EIRRT—
HAL TR APIRES .

7.3.1.1. WFHE

WFEATR, WRRERENES, WA e 48 1+E 8 2" (0] Ml —k, JE1#k
ZREL, BRI HEN 3 2 SR . IR ARA I BIRT 2055, ) s D)4 ]
AR, RIUE1T RC 1R 2% 1 BEAR AR 5 .

BITHR 1, 201349 A
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No received signal

‘ Receive Idle ( Sleep + RC ) Receive Idle ‘

— | Timer2 Timer2
Timer1 Timer1 Timer1

45 BT (FIEEWEETE)
R B BT S S, WE P . PreambleDetect {55 1] LRSS 2] DIO4, M T HfE
P . #RR, FHAE R REBUE 411730

Received signal

Sync

‘ Preamble ( Aslongas T1+2*T2) ‘ Word ‘ Payload ‘ Crc ‘
Idle ( Sleep + RC ) Receive ‘
Timer2
Timer1
Preamble
Detect

& 46 Kzt (FBKEFIER)
7.3.1.2. BB E
B A i i s——PreambleDetect MRS MR E K -

State Machine

Sequencer Off
&

Initial mode = Sleep or Standby

IdleMode = 1 : Sleep

LowPowerSe lection =1 b

Drl T
Fromidie =1

Siart bit set

owPower
—— "\ Selection
FromStart = 00

On PreambleDetect

F_r_r:)TReceive =_:IJD Sequencer Off

47  PreambleDetect ZIE/LZH]
NI E T

*£ 46 R ——PreambleDetect 4G E

BITHR 1, 201349 A
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T | MR

IdleMode 1: HEEARFIC

FromStart
00: # A LowPowerSelection Rz

LowPowerSelection 1. FATRRE

Fromldle 1: RAE T ki ik NBCIRES

FromReceive 110: &/E PreambleDetect 1K ik \ & FFa$ < IR
&

T w2 & X T AEARKIN BN FT SHDE S5 LT O e SO QR o KR 1] . e KR
FERRARTIAE, SEI &S 2 MBI 1 0 AT RENS I 3 2 TSR el P 75 22

T w1+ T senm o T8 AR, BIPRAE AT SADFC 1 5 s [RIBG « e K PR B BT 35 T
FEAE, ERTES 1 AR R . (HER S eI A 1 U R It 2 1 K B 0 i R 4
B 1] o

N DR BHE CLAS TN 5 K PR AR LA 320 B ) Bt L T SR RN T s

1H2XT w20
TR TR R —Fh DIO B & s -

* 47  KOriEt—PreambleDetect R4t FHEEEH LI DIO BE At

DIO i ik

0 01 CrcOk

1 00 FifoLevel

3 00 FifoEmpty

4 11 | PreambleDetect——iF & : 1% E MapPreambleDetect 11 .

7.3.2. SyncAddress HHEE

FES —DATRERI R, € PP ae e Se JE S W AT R RS A I 14T 2L SyncAddress Hrlkr. fn iR
WB) FIREA R A, WEFPaR i, M P UIEHT, B — B 4ERrBalugEl. &0,
FBHLAE T —A Rx A IBPR AT & — B AT KPR .

7.3.2.1. ®HRFHE

TEE ¥ #ASAT IR i [, S RZWEIE G S . WiE 48 KNP EIFR, HU% e Bk
B[R], MEPER K B RxTimeout & . 7E“ERT#s 1+E 2% 2" FnT i Py (R E I 38
1+5E 128 2-TrxTimeout), HLERAL T IhHFERE R

BITHR 1, 201349 A
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No wanted signal

‘ Idle Receive Idle ( Sleep + RC ) Receive Idle ‘
- Timer2 Timer2 —
Timer1 > Timerl > Timer1
RxTimeout RxTimeout

48 ORI (K8 WE) SyncAddress)
WIERAE RxTimeout JE i #3245 R BTRL I BN AT 305, 0 PR Ab T4 s, HSERERm 2] — A
HRW) SyncAddress. WIHLEEMT &% 2 THEEE R IE AR 28T AT,  WFRost o B
GRS, X —I R TR P T

Unwanted Signal
Preambls { Preamble + Sync = T2) ‘ e | ‘ Payload ‘ cre ‘
‘ Idle Receive Idle Receive Idle ‘
Timer2 — Timer2 —
Timer1 RxTimeout Timerl ———» Timerf
RxTimeout
L
Preamble
Detect

B 49 HUrR (RUCEIFIEEE, AAYE SyncAddress)
E2, WERAN R DN ERFED Y, Wa#oR—Ik SyncAddress i, sEFras ki, H
FE D)4 2T g — LA T o

Wanted Signal
_ Sync
Preamble ( Preamble + Sync =T2) Word Payload Crc
‘ Idle ‘ eceive ‘
t Timer2
Timer1 | RxTimeout
A A
Preamble Sync Fifo >
Detect Address Level

50 BRI (BB EIFIEEEF AL SyncAddress )
7.3.2.2. EFHRALE
Byl A X——SyncAddress MR RS HLR &

BITHR 1, 201349 A
©2013 Semtech Corporation 2122 I www.semtech.com



;1 SEMTECH SX1276/77/78

State Machine

Sequencer OfF
&

Initial mode = Slegp or Standby

Start bit set |

----___ Ctort = 00
FromStart = 00

LowPower\
Selection

on T1
Fromidle = 1

I
FromRxTimeout =10

On SyncAdress

L iiaaaial® Sequencer Off

B 51  SyncAddress MHEHLZH]

NI E AR
= 48  BOrfEzt——SyncAddress IR E
ZE MR
IdleMode 1. BEARAIC
FromStart 00: # A\ LowPowerSelection R4S
LowPowerSelection 1. HANFRRE
Fromldle 1: R T1 b g NBBOIR A
FromReceive 110: &‘E SyncAddress Wi it A\ 8 Fr a8 R RS
FromRxTimeout 10: # A\ LowPowerSelection IR 7

TimeoutRxPreamble H 15 BLAEL N I 173 /& 47t 12 21 BT S A P 7% OB 18] (4K PreambleDetectSize #il
BitRate i & ).

T senrn 1 N E N 64us (RAEFFEEITA]) .,

T enss o IR BAERLH R TR T renvw 1+ T senvss 2= PSRBT 46 22 1B IS 8] 22

B URESE EA I MAR H f R BIR BE PR AR LI AR, BT 422 S0 381 i R 0 1 6 gk AT e X,
1 Tereamble= T sz 2=TSyncAddress’ Hrp TSyncAddress= (SynCSize+1) X 8/BitRate,

NERAIE T2 A DIO it EoR

F 49  orEETt— PreambleDetect £/ FHEEEH T DIO G At

DIO % iR
0 01 CrcOk
1 00 FifoLevel
2 11 SyncAddress

BITHR 1, 201349 A
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;1 SEMTECH SX1276/77/78

3 00 FifoEmpty

4 11 | PreambleDetect——jF:&: M & MapPreambleDetect i/ .

7.4. K EFF2%: B

AR, EFSsTRERENEEEL. B REN RS Z 5, H PayloadLength
/NF FIFO R~F, NISE 24 F1 RegPacketConfig2 1 BeaconOn 7 i [7] 45 A B AT 70 2R 3R 75
JAAVEA S bR, HiX—Id R JE SR AT T

741 WFHE

WP, BT, AR T w1+ T ewn o I RIES S UI B SOERE A, 1256 1E
PacketSent Jm i 7] 275 AR . 5 5 # FT LABA DRAF A I8 B2 1 fRp S Ik )42 1l £ Bie /N
M B KRR 2 AR ThAE

Beacon mode
Idle Transmit ‘ Idle ( Sleep + RC ) Transmit ‘ Idle
= Timer2 »| Timer2 >
Timerd Timer1 Timerf
Packet Packet
Sent Sent

52 5HRAATFE
7.42. ERFSEE
TNENEFREARSI R EE . BEEFEENE, EFadEANT N ERES, RARE
RegSeqConfigl H ] SequencerStop 174 fEf5 15 52 7 2% 1 TEBRIE R

State Machine

Sequencer Off
&

Initial mode = Sleep or Standby

Start bit set [ dieMode=1:Skesp |

owPower LowPowerSelection = 1
Start |- . ) —
———— "\ _Selection
FromStart =00

| on T1

|I Fromidie =0
|
|

|
On PacketSent
FromTransmit =0

) e
Transmit }«-_

53 1GHRAUZEHL
o Bl I E e A g A T RN BroR

BITHR 1, 201349 A
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*® 50 GHEARE

TE | MR
IdleMode 1: HEARFIC
FromStart 00: # A LowPowerSelection K7
LowPowerSelection 1. HANFRRE
Fromldle 0: KA T1 HFWrETiE N RIEIRE
FromTransmit 0 : Kk 4 PacketSent 1 W W @ A
LowPowerSelection JRZ

T senrne 1+ T ewn o F T8 OPES R IE AT UG 2 0] 1 TR] B

7.5.CRC &5
AT DL AR SR AR, SX1276/77/78 [ CRC &

1 /4 CRC typeﬂ

2 #define CRC_TYPE_CCITT 0

3 #define CRC TYPE IBM 1

4

5 // Polynomial = X416 + X412 + X465 +1

& #define POLYNOMIAL CCITT 0x1021
7 // Polynomial = X216 + X415 + X2+ 1

B #define POLYNOMIAL TIEM 0x8005
5

10 A/ Seeds

11 #define CRC TEM SEERD OXFFFF
12 #define CRC CCITT SEED 0x1D0F
13

14 @/*

15 * CRC algorithm implementation

le Ed

17 * yparam[IN] crc Previous CRC wvalue

18 * Swparam[IN] data MNew data to be added to the CRC

19 * yparam[IN] polynomial CRC polynomial selection [CRC TYPE CCITT, CRC TYPE IEM]
20 e

21 * yretval crc New computed CRC

EE </

23 Ule ComputeCrc( Ule crc, U8 data, Ule polynomial )

24 HY

25 usg i;

26 for( i =0; i < &8; i++ )

27 © {

28 I if( ( ( ( crc & )y > ) ~ ( data & ) ) != )
29 & {

30 cro <<= 1; /7 shift left once

31 cro A= polynomial; // XOR with polynomial
32 | }

33 else

34 H {

35 cre <<= 1; // shift left once

36 T }

37 data <<= 1; /7 Next data bit

38 T }

39 return crc;

40 "}

BITHR 1, 201349 A
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41

4z A/ *

43 * CRZ algorithm implementation

44 *

45 * \param[IN] buffer Array containing the data

16 * Zparam[IN] bufferlength Buffer length

17 * yparam[IN] crcType Selects the CRC polynomial [CRC_TYPE CCITT, CRC_TYEFE IRM]
48 *

49 * hretwval crc Buffer computed CRC

Gl */

51 Ule RadicPacketComputeCrc( US *buffer, U8 bufferlength, U8 crcType )
52 of

53 ug i

54 Ule crc;

55 Ule polynomial ;

56

57 polynomial = ( crcType == CRC TYPE IBM ) ? POLYNOMIAL IBM : POLYNCMIAL CCITT;
58 cre = ( crcType == CRC_TYPE IEM ) ? CRC IBM SEED : CRC CCITT SEED;
55

&0 for( i = 0; i < bufferlength; i++ )

61 o {

3 crc = ComputecCrc( crc, buffer[i], polynomial ) ;

63 [ }

64

65 if( croType == CRC TYPE IEBM )

66 H {

57 return crc;

[ }

(3] else

70 A {

71 return ( Ulg )} ( ~crc );

TZo0 }

e !

54 CRC HEBrH
7.6. B EZBRG
AJ I P R R 15 B B RS A S s -

BITHR 1, 201349 A
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P AR WEFM

|=] Temperature.c t:!l
2 i

* Reads the raw temperaturs

* \retval temperature New raw temperature rea

58 RadioGetRawTlemp(

d )

intd_t temp =
uint8_t previcusOpMode;

// Save current Operation Mode
SH127&Read{ REG_OPMO! &SX127€->ReglpMode ) ;
previousOpMode = SH1327&->ReglpMode;

s
"

// Pass through LoRa sleep only necessary if reading temperature while in LoRa Mode
if{ ( previcusOpMode & RFLR_OPMODE_LONGRENGEMODE ON } = RFLR_OPMODE_LONGRANGEMODE_ON )

= 1

S¥127&->ReglpMode = RFLE_OFMODE SLEEE;
127&Write ( REG_OPFMODE, SX1276&->ReglpMode ) ; // put device in LoRa Sleep Mode

[SIICIY

(X

// Put device in FSK Sleep Mode
SH1 >Reglplode = RF OPMODE_S 7

SX127eWrite( REG_OPMODE, SX127&->Reglplode )

f/ Put device in FSE BxSynth

SX127&->ReglpMode = RF _OPMODE_SYNTHESIZER RX;

SKl276Write( REG_OPMODE, SK127&->RegOpliode ) ;

/ Enable Temperature reading

SX127&Read({ REG TMAGECRL, &SXK1Z27&->ReglmageCal )

SH1 >ReglmageCal = ({ SH127&->ReglmageCal & RF_IMAGECAL TEMPMONITCR MASE ) | RF_IMAGECAL TEMEMONITOR CN:
SX127&Write({ REG TIMAGECAL, SX127&->ReglmageCal )

/ Wait 150us
Delay{ Vi

// Disable Temperature reading

SH1 Read{ REG TMAGECRL., &SX1Z27&->ReglmageCal )

SXlz7e->ReglmageCal = ( SX1276->ReglmageCal & RF IMAGECAL TEMPMONITOR MASE ) | RF_IMAGECAL TEMPMONITOR OFF;
SX127&Write({ REG TIMAGECAL, SX127&->ReglmageCal )

/4 Put dewvice in FSE Sleep Mode
SX127&->ReglpMode = RF_OPMODE_SLEEP;
SX127eWrite({ REG_OPMODE, SH127&->Reglplode )

J Read temp
SH1Z7eRead( F

EMP, &SH1276->RegTemp ) ;

if{ { SK1276-»RegTermp & ) = )

=] {
temp = - BHlZ7e->RegTemp;
r }
elae
= {
temp = SH1Z7&->RegTemp:
temp *= -1;
r 1
/ We were in LoRa Mode prior to the temperature reading
if{ { previcusOpMcde & RFLR_OPFMODE LOMGRRNGEMODE ON ) = RFLR_OPMODE_LONGRANGEMODE ON )
= {
S¥1z27&->Reglplode = RFLR_CPMODE_SLEEE;
6l 1276Write ( REG OFMODE, SH127&->ReglpMeode ) / put device in LoRa Sleep Mode
52 r }

/ Relpad previous Op Mode
SX1z27eWrite( REG_OPMODE, previousOpMode )
return temp;

55 B TH

BITHR 1, 201349 A
©2013 Semtech Corporation 2127 W www.semtech.com



;1 SEMTECH SX1276/77/78

i * Computes the temperature compensation factor

71 * ‘Zparam [IN] zctualTerp Actuzl temperature measured by an externzl device
T2 * ‘Zretval compensationFactor Computed compensation factor

73 L wy

T4 58 RadioCalibresteTemp({ 58 actualTemp )

75 [Hi

78 return actuzlTemp - RadiofetRawTemp( ) -

o el

* Fets the actual compensated temperature

m m
¥

\param [IN] compensationFactor Beturn wvalue of the calibration function

* \retval New compensated temperature walue

L ey

oo
(%]

58 RadiofetTemp({ 58 compensationFactor )

=

m mom
o G

mw
o

return RadioGetRawTemp( )} + compensationFactor;

m m o
1
r
——

L_—_l__.-'a-!
* T=age example

L oy

vold main({ woid )

3 EHt

W o
T

(V]
e

58 temp:
58 actualTemp = O;

y oA

58 compensationFactor = 0;

Wl
[}

S Rsk user for the temperature during calibration
bt actualTempr = AskUserTemperature( | ;
100 compensationFactor = RadioCalibreateTemp({ actualTemp ) ;

102 while{ True )
102 H {

104 temp = HadioFGetTemp({ compensationFactor )
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8. HIE[FR
8.1. B FAHM L
Wik 57 fizs, SX1276/77/78 XA 28 il QFN 3247730

1 [B] DIMENSIONS
MILLIMETERS
Fe DIM "IN [NOM| MAX
A Joso| — [1.00
PIN1—/ A1 000 — Jo005
INDICATOR . A2 (0.20)
(LASER MARK}) b [0.25]0.30]0.35
D |5.90|6.00]86.10
D1 [4.65 | 4.80 | 4.90
E [5.906.00]6.10

E1 | 4.65 | 4.80 | 4.90
e 0.65 BSC
L [0.30]040]050

|

|

I N A SEATING | N 28
f

— PLANE aaa 0.08
[ asalC] A1 J bbb 0,10
A2
D1 erN
TUUguUUQ T
B | d |
it | p E/2
-] ! (.
E1 Bf—-—f-—-
SR —
2[00 ‘ [
1O | [
ﬂ nhmnnn
LY SR
[ [bob@][C]A[B]
—-—Dj2—

NOTES:
1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).

2. COPLANARITY APPLIES TO THE EXPOSED PAD AS WELL AS THE TERMINALS.

E=
1. BEHIRS RO AL (AN AL o
2. IR SR R A .
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H

HOO00001 DIMENSIONS

MILLIMETERS
15.05)
5.20
4.80
480
0.65
0.30
0,75
6.70

=i
=

MN(<|>®|T|R|IT(O]|0

DDDDDDD
DDDDDDD

_<

- IDDDQJf___%_

1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).

2. THIS LAND PATTERN |S FOR REFERENCE PURPOSE ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR COMPANY'S
MANUFACTURING GUIDELINES ARE MET.

3, THERMAL WIAS IN THE LAND PATTERN OF THE EXFOSED PAD SHALL BE CONNECTED
TO A SYSTEM GROUND PLANE. FAILURE TO DO SO MAY COMPROMISE THE THERMAL
ANDVOR FUNMCTIONAL PERFORMANCE OF THE DEVICE.

4, SQUARE PACKAGE - DIMENSIONS APFLY IN BOTH ™ X " AND * ¥ " DIRECTIONS,

E=
1. BHIRST RO AL (AN AL
2. ZIREPIES S . IR A R HIGE SRR, & A SCHIE FIBA .

3. HUERAERE R P ERA LN S KRG ZER:, BT REE BEs A RE R/
s HAD IhREVERE .

4. LTI BEEAE——X T A Y J5 R Ed A e B RGE

B 58 MEIELEE
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P2 Po
2.040.1 () 4.0£0.1 (W)
0.3020.05 Do +0.10 E1
21.5-0.00
I) N Y =™ [ 1.75£0.1
RO.3 MAX | E ‘
_J el
Do - L L iy o 1
- et N T T T
=
T i \] \L—__ l \i} \[___ \T/ __J/ \TJ \L
= _‘ 1% q
5 | ! | |
&
Y P1 Ao
Ko
SECTION Y-Y
() Measured from centrelins of sprocket hole
to centreline of pocket.
()  Cumulotive tolerance of 10 sprocket
Ao 6.30 +/-0. heles is £ 0.20 .
Bo 6.30 +/-0. (1) Measured from centreline of sprocket
Ko 1.10 +/-0. hole to centreline of pocket.
F 7.50 +/-0. (IV) Other moterial avallable. ]
P1 12.00 +/-0. (V) Tylcal SR of form tape Max 10 OHM/SQ
W 16.00 +/-0.3

ALL DIMENSIONS IN MILLIMETRES UNLESS OTHERWISE STATED.
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Beijing, China

Semtech International AG

Unit 2206 Beijing Silver Tower

No. 2 North Road Dong San Huan
Chaoyang District, Beijing, 100027 China
JEHCHIRH X 2R =30 A6k 2 5 R R K 2206 %
Tel: +8610 64106855 / 6410688

Fax: +8610 64106856

Shanghai, China

Semtech International AG

Unit 1001,Building A Oriental Financial Plaza

1168 Century Avenue, Pudong,

Shanghai 200122 China

RIJ74R) 3 A J2 1001 =%, Bl 408 X 40 K0E 1168 5
Phone: +86 21 63910830

Fax: +86 2163910831

Shenzhen, China

Semtech Semiconductor (Shenzhen) Co., Ltd

Suite A408, TCL Building,

Gaoxin South First Street,

Nanshan District, Shenzhen,

Guangdong 518057, China

JTARBRRIIT R L, ¥ —iE TCL KJE A408 =
Phone: +86 755 8282 8515

Fax: +86 755 8202 4796

Taipei, Taiwan

Semtech International AG

12F, No. 89, Sec. 5

Nanking E. Road, Taipei, 105, Taiwan, R.O.C.
A AL R R T 89 R 12

Phone: + 886 2 2748 3380

Fax: + 886 2 2748 3390
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