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ABSTRACT

This project presents the design and development of wireless
communication network prototypes to support technology such as indoor
positioning, smart farming, etc. It consists of wireless transceivers which acting as
Sensor node and Gateway. For the data transmission, the Frequency Shift Keying
modulation model will be used as well as developed for the use in Multi access
format which can support many sensor nodes and works on the Unlicensed band.
This project, therefore, is designed to develop a prototype system to have more
bandwidth usage. It uses the device which can support many modes and used in

other technology in the future.
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lulpsneulnsaiaes sTM32L476 Tuguit 2.5 Wulilasreulnsamosilldndaany
#1 (Ultra-low-power) v41u0guU High-performance Arm® Cortex®-Md 32-bit RISC
core Tnagunsafiinnsldauirnud 80 MHz aaauiRves Cortex-Md core Ustnaushe
Floating Point Unit (FPU) fidaglunisuszuanadaya uonanniissiiyasdmedu DS
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« Ultra-low-power with FlexPowerControl

- 1.71 Vto 3.6 V power supply



- -40 °C to 85/105/125 °C temperature range
- 300 nA in VBAT mode: supply for RTC and 32x32-bit backup registers
- 30 nA Shutdown mode (5 wakeup pins)
- 120 nA Standby mode (5 wakeup pins)
- 420 nA Standby mode with RTC
- 1.1 pA Stop 2 mode, 1.4 pA with RTC
- 100 pA/MHz run mode (LDO Mode)
- 39 PA/MHz run mode (@3.3 V SMPS Mode)
- Batch acquisition mode (BAM)
- 4 ps wakeup from Stop mode
- Brown out reset (BOR)
- Interconnect matrix
+ Core: ARM® 32-bit Cortex®-M4 CPU with FPU, Adaptive real-time accelerator
(ART Accelerator™) allowing O-wait-state execution from Flash memory,
frequency up to 80 MHz, MPU, 100DMIPS and DSP instructions
« Performance benchmark
- 1.25 DMIPS/MHz (Drystone 2.1)
- 273.55 CoreMark® (3.42 CoreMark/MHz @ 80 MHz)
+ Energy benchmark
- 220 ULPBENCH® score
» Clock Sources
- 4 to 48 MHz crystal oscillator
- 32 kHz crystal oscillator for RTC (LSE)
- Internal 16 MHz factory-trimmed RC (+1%)
- Internal low-power 32 kHz RC (+5%)
- Internal multispeed 10 0 kHz to 48 MHz oscillator, auto-trimmed by LSE
(better than +0.25 % accuracy)
- 3 PLLs for system clock, USB, audio, ADC



+ 114 fast I/Os, most 5 V-tolerant, up to 14 I/Os with independent supply down
to 1.08 V

« RTC with HW calendar, alarms and calibration

+ LCD 8x 40 or 4x 44 with step-up converter

* 24 capacitive sensing channels: support touchkey, linear and rotary touch
Sensors

» 16x timers: 2x 16-bit advanced motor-control, 2x 32-bit and 5x 16-bit general
purpose, 2x 16- bit basic, 2x low-power 16-bit timers (available in Stop mode),
2x watchdogs, SysTick timer

* Memories

1 MB Flash, 2 banks read-while-write, proprietary code readout

protection

- 128 KB of SRAM including 32 KB with hardware parity check

External memory interface for static memories supporting SRAM,

PSRAM, NOR and NAND memories

Quad SPI memory interface

» dx digital filters for sigma delta modulator

» Rich analog peripherals (independent supply)
- 3x 12-bit ADC 5 Msps, up to 16-bit with hardware oversampling,

200 pA/Msps

- 2x 12-bit DAC, low-power sample and hold
- 2x operational amplifiers with built-in PGA
- 2x ultra-low-power comparators

* 20x communication interfaces

- USB OTG 2.0 full-speed, LPM and BCD

- 2x SAls (serial audio interface)

- 3x 12C FM+(1 Mbit/s), SMBus/PMBus

- 5x USARTSs (ISO 7816, LIN, IrDA, modem)

- 1x LPUART (Stop 2 wake-up)
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- 3x SPIs (4x SPIs with the Quad SPI)
- CAN (2.0B Active) and SDMMC interface
- SWPMI single wire protocol master I/F
- IRTIM (Infrared interface)
* 14-channel DMA controller
* True random number generator
+ CRC calculation unit, 96-bit unique 1D
+ Development support: serial wire debug (SWD), JTAG, Embedded Trace

Macrocell™

2.3 Transceiver

2.3.1 5x1276 Transceiver

gunsniluga Sx1276 Transceiver lusuil 2.6 1iugunsnifisosiuuinsgu
LoRa Ssfiflsridunsdeansuuy Long range spread spectrum saufadauansataeiu

Fyausumunaziinmsldnasrnuannszualiindnie

sU7 2.6 Sx1276 LoRa Module [2]

YoYATUNIE
* LoRa Modem
» 168 dB maximum link budget
* +20 dBm - 100 mW constant RF output vs. V supply
e +14 dBm high efficiency PA
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e Programmable bit rate up to 300 kbps

» High sensitivity: down to -148 dBm

» Bullet-proof front end: IIP3 = -11 dBm

» Excellent blocking immunity

e Low RX current of 9.9 mA, 200 nA register retention
o Fully integrated synthesizer with a resolution of 61 Hz
e FSK, GFSK, MSK, GMSK, LoRa and OOK modulation
« Built-in bit synchronizer for clock recovery

» Preamble detection

e 127 dB Dynamic Range RSSI

» Automatic RF Sense and CAD with ultra-fast AFC

» Packet engine up to 256 bytes with CRC

o Built-in temperature sensor and low battery indicator

2.3.2 576S Transceiver
s < 3 L1 a 4 [
gunsailuga S76S Transceiver lugui 2.7 \ugunsal MCU wilanilafisesiu
UIM551U LoRa B4iiA1ua1u190989n15808715UUU Ultra-long range spread spectrum

wazdanansatesiunissuniulen

U 2.7 5765 Module [6]
AALUR

« Small footprint @ 13 mm x 1 mm x 1mm
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« LoRa™ Modem

+ +20 dBm constant RF output vs. V supply

* Programmable bit rate up to 37500 bps

« High sensitivity: down to -137 dBm

+ Excellent blocking immunity

+ Preamble detection

+ Automatic RF Sense and CAD with ultra-fast AFC

+ Payload up to128 bytes with CRC

+ Embedded memories (up to 192 Kbytes of Flash memory and 20 Kbytes of

RAM)
5197 2.1 Fayasumzres S765 Module
Model Name ST6S
Product Description LoRa Wireless Communication Module
Host Interface UART

Operation Condition

Temperature B Storage : -50°C ~ +105°C

B Operating : -20°C ~ +70°C

Humidity ®  Operating : 10 ~ 95% (Non-Condensing)
B Storage : 5 ~ 95% (Non-Condensing)

Dimension 13mm x 11mm x 1.1mm

Package LGA type

v = ] 3
2.4 Msl¥auAiuaAud Unlicensed band 920-925 MHz
lugallagdu Smart Device $rurunnnlddnanunumlunisdies v
aa Vo & o o o W F | o o ' o v 1 o=
avmanludinlvituisinindu wefaeyihly Smart Device udazdviausuiuldogied

= _ = 2/, -] 1 5 IJ 1 L2 i lﬁ! v oa
UseAnSaw Ssladinisthgunsalimaiuluiensaiulasedng Interet slunslsuinng
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8/ 5 LY 1 e l‘-‘l VY a 1
Intemet wuulimetuinisliuinised 2 uuu dwanduguin 2.8 fie nisliudnisdu

ddw |
anudvsedluaygyauazhidesdluoygn

| | dd v F1 = o
i thupuindasiilueygyn L dwaanudiinisl@Fuenisuluaygn

, (Licensed Spectrum) i (Unlicensed Spectrum)

f2atha: Adumudmiulnsindiedoudt | | frethe i, Bluetooth

ver o A o v d - il i v - P e a o
* ldduavbwwzddluniridatuanad ¢ Tinueduarubsuiilaybifueseddng
* apalafuluayg e i e mildoudtilTemadinnssunaush

= i ®anaTzuRgliunay requlator

| S —— - — . et S

= v a I ey
5UN 2.8 mstiusnasgupuan

aosilluaygynuaslddfosllueugy n [3]

o

1) fegnnstiuinisuuaiuarudindediluaugyin (Licensed Spectrum)

9y NB-loT sauansluzuil 2.9

A70894:
700 MHz

B % ; GSM STAND ALONE
800/900 MHz ,O ;
MHz i 200kHz
' | GUARD BAND
00 1
NB-loT i
o
|

2500/2600 Source: Ercsson Mobty Raport June 2016
MHz

SU 2.9 ghunnuiiidesiluoynim NB-loT [3]

o [

Y a P daq v u .
2) shegnnishivimsuundurnudnldsunseniiuluoygn (Unlicensed

band) lulnetiufinisimuaaunasulilutag 920-925 MHz Fuansluguil 2.10
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-
Thailand’s unlicensed spectrum for loT T
I Available now
B Under regulation amendment (2017e) S30:025 Mie 3
3
5.150-5.350 GH: §
26.965-27.405 MHz _ g
13.553- bV g
13.567 MHz g
2.4-2,5GHz E
54-74 MHz 5
30-50MHz  /
s / 300-500 MHz

Note: Not to scale 100 MHz 1GHz [requency

i . 1 dd Ve 8/
3UR 2.10 awnesuvesthuanudnlasuniseniiulueuyn (3]

2.5 n1suaIatul Uy FSK (Frequency Shift Keying)

L7 = d: d = o A
nsuegLaduluy FSK v3a Frequency Shift Keying [uigmsuegaduiivwin
o 1=l = 1al &l A & e = < A4 a a
‘Uaﬂﬂﬁqu‘iﬂﬁﬁlglﬂuﬂWiLUﬁEJULL‘Uﬁﬂ wavtlasundasnmannudveasndunine Ledniial
a ' a 4 a i PN = o | a a &
u 1 awdavgaindnd wavflodeiidndu o avsdvaseduariindnng wedaiilu
ar Ad < i =l w ar s i - -7 =
nsyagandyyIuniinmeg 2 A1 Sdnwurdyginaigun 211 dedygradaius
@ n 5 = & Y @ n ¥
High” &nyeyned FSK SRty Fel wazilladynndlaniuy “Low” dyaiad FSK azd
d < T I | ' o o 0 v |
AMUNLUY Fc2 40LlaMANNLANANNSEWINY Fel Wag Fc2 da1sanne asmlinisdanay

vy a (% a da o 1 1 =
'suazymv’lmwﬂﬂm WAUANTINBARTULUY FSK LﬂULVIﬂUﬂVIUEJJJ‘L’UﬂUEJEJNLL‘WTMﬁ']?J YAy

e v { 1 | ¥ 4 2
wiuladalumiunisdeans wu lussuunisdeansidatouazszuudeasuuuldaney
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data bits

SU 2.11 n1suegLaTULUY FSK [4]

) a v v o8 v %) =& o a
mﬂﬂ’liuaﬂLa’UuLL‘UU FSK Wﬂa’I'HJ']’U'Nmumq‘lﬂwu‘ﬂaﬁwaqﬂﬂigﬂjﬁ ?.)Wlﬂﬁ‘u'[ﬁ\]

o 2 P @ | v =
vnldaululassnud Wy nsuegaduiuy FSK annsaddeayaldiss ilowinaumda

Tunnsdsladue

s

o 1 L3 1 1 s 2/ A
AUTZHENIN WAEEUN iﬂ%ﬂﬁiiﬂ@ﬂﬁﬁg@?fdﬂ%ﬂLL‘UQ‘U@\‘I azyfmmlm LUBIIN

= 2

g
o Ly
AIRTUDE

dnsldaunuu
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N150NUUULATNNTINVINUS ey Tinus

3.1 NM158BNLUY
= a e v oo = o v & 04 - v
UsgggiiwusillsvhnsAinuuaziaundiuuuuindedsdeasiienisuszgndld
meluaimsailiuszgndlitumalladduy q WiAnuszlomiundstu deanuiiszuy
i Tuinifidelaieunaneetede Aadsite s1a1e deldluszeznialng S
I o 3 ' = . o 8§ w a0 o | el
uaiugn uagldiuuuguanud Unlicensed band vilsszuuiianunsmirlusiesenlédnay

% o = 2 <
ﬂ?qﬂm@QﬂqiﬂaQé‘L”ﬁ iSUUVIa@ﬂLLUU‘IQLLﬁﬂQLGULLNUHWWIUEUW 3.1

g{/{//d[ ,

R Sensor nodes

UM 3.1 vienlapzunsumsianduuuuiiotnedoans

seuviiusznaumegunsal 2 dauwdn o loun
1) Sensor node yhwihilunisdsdayaidensiuly Gateway lutuneunis

Wansyuu Iidenlduedalulasreulnsaiass STM321476 viwthiinauaunisinay

lugasudedoya Sx1276 dwmuvimii Sensor node wias danandlugud 3.2
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3R 3.2 vesnlulasmeulnsaians STM32L476 fuluga Sx1276

2 +/ s

° v o Y]
2) Gateway mwu'mLﬂuamﬁg'\uswagaﬁ]m Sensor node lawsaufumnane

4 o w

w1 iieddeyaludssinana viedudiluinTetsdumeiidnnoly auzidavinladonly

[ [

Tugasudstoya s765 Faiflilasroulnsamadiliumuuuesaud $1umm N f udazfavineu
daszumiiideatsiu Sensor node Litbsd s lurniziiami wagynlugaiiay
deudaidriuiniesnoninnessuy Windows (§anld Intel NUC Mini PC) iitonans
azaanlunisuimsszuusely Uil 3.3 Wunmdie Gateway nilsanriifildadreiulng

UIEY Nav IsaNuIny 3100 (L)

(@) neluien Gateway
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3.1.1 N152NUUUNITNIU

Sensor Node /\ Control Gateway
¢ Role

Setting parameter Gateway -
for sgnzor Node Setting parameter
for

- Control Gateway
Setting parameter
for Gateway . l

Sending channel
request

Waiting channel
request

Waiting data from
Sensor Node

channel
reply

channel
request

Yes
* Yes
Switch channel *
‘ Recieved data from .
X sor No Sendlr:g (I:hannel
Sending data Ply

< o o o £ ' =
FUN 3.4 WHUEINISTIIUINSWAILIAULU AT 0U N EDaNS
N3U7 3.4 FunsunisvirulaeiSuduainmsiivuaamisimesvesnis
doas elaud Mdsdedyao vundeya Aenudiiliuazidenguuvunisuegiadu Ty
Amuansiiwesuuuninsuazami lunisdedoyaumisfineslunmsuegiadu ua
| o v o w o ) | Y o
mam%’aLﬂumimwuﬂwmmaﬂu@alw,ﬂuiuaaﬁ’lmmmumiaw%aswa;ﬁla lnglugaiivi

| W

v o ) o a a  w [, o ' a
wihidedoyavzdtunsunisviufe Suduainnisgudrdeyaudinaniiinesivea
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5 = L. & 1 o £ @ d o 4 alu 2/ 1Y @ ] iu’ ()
nduidsdoyanudyqraliaglldlugaivihmihdsudeys udnduluvidluisely

'
] =Y

y a o v Ao v u‘: o =y L ¥ s
dumailslugamimirnfudeyasfiduneunisvhaude Buduainnmsegluaniugsesu

v

toya lngfmua1Ia Timeout 91nUuIsesuniaviideyadadun wmnddeuadsidaun

Y u
v

AN Interrupt YU uaziliolugalaiuteyauaiadu Sauandriiunaunesiusauas

navluvelnusald

3.1.2 N1598NKUUN5H9IUYRY Sensor node
msepnuuUMIiuTestuga Sx1276 fviwthildu Sensor node gnaaun
navislasnstusunsudiderig STM32L476 Fevhminitlunsdstoya fsannsaus
duvesnsesnuuuidu 1) dunsudlunsuegaduiidmuamsuegraduduguuuy Fsk
2) drunsudlvruadeyaitessirldamnsadedoyalduiniy uag 3) daun1svin Mult
access Liofiagyily Sensor node yhaundenfuldnanssn
3.1.2.1 dawnsuilumaseagiadu
drutifunisuilvdunisueguadu feddnsiléviniseanuuulsl
aunsaNegiaduuuy FSK lngarnienalsensdavasiuga Sx1276 syyl¥iramisaviinns
soguatuldnainuansgiuuy Suvenaiidonlinisuegiatuiuy Fsk ilesnlaunives
Tugasessunisuegiaduud LoRa uay FSK whifu wazssmmannsaves LoRa fifinsly
fugruesinelulad Chirp spread- spectrum (CSS) yinlilduuuddasluySunmnlunis
detoyaiiies 1 A¥q uazdmugentunisimunwisiivesfidu q 1wy Spreading Factor
(SF), MasdsuaruuniIng ﬁqﬁu%ﬂﬂmm':'mﬁqnmujwjaqﬁ’mmﬂm;ﬁa%‘l‘zﬂumsdﬂﬁ 9
donldnsuegiatuuuy FSK ilasnannsasimunaiuniwestesdyaald uazlinu
wuudinslaetheduen saudadlmudlumsdsdayaiifiniinsly LoRa
3.1.2.2 daumsunlyrunadeya
duilazyimsudlosunavesdoya Packet size vasluga Sx1276 7
gneuauslilaseeulnsaiaed STM32L476 $1uru 2 vesn Swvimihlluilsdeuasiledu

a

Auliannsavihmsdideyaldodnivszansam lnsnsiindSmnadeyaliddoyalsiuin

P waganunsaUTuIun Packet lamuiinesnis uriilesanninum Variable length format

Uuannsadedayaldviniuruinves Buffer FIFO vodluga (255 lud) fatiuideanisds

(34

FeyaluvBnumnunndu gaavhisldvinnmsiaunliilugavihmsdsdayalulwun Fix length
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v o ' a LA = o
format uaavin1sunludi33aimas Fix length format nIUANIUIATEY Payload Toya
v a vl a ] < o &
Autenansendaredluga Sx1276 ldfinsedureionliianunsanaziinisasauinees

Jeyaldninmadeulusunsumds neddamildinsudlvsuadeyadsil
1) dwnsudlvnnadaya 255 lud
Aedwildlunisimunvuiavesdoya lasnsimusuuin

vosdioya (BUFFER_SIZE) «Ju 255 flazanunsavimsdsiinuadeyavunn 255 Tusls

#if defined (TXSite)
randoml=randr(1l,0xffff);

random2=randr (1, 0xffff) ;

Buffer[0] = 0xFF&randoml;
Buffer[1l] = (0xFFO0Q0&randoml)>>8;
Buffer[2] = O0xFF&random2;
Buffer[3] = (0xFFO0O&random2)>>8;

Buffer [BufferSize-1] = 9;

for( i = 4; 1 < BufferSize-1; i++ )
{

Buffer[i] = 1 ;

}

PRINTF ("Payload<%d> : ",BufferSize);
for( i =0; i < 64; i++ )

{

PRINTF ("%d",Buffer([i]);

)

PRINTRT En S} ;

Radio.Send( Buffer, BufferSize );
DelayMs (2000) ;

State = LOWPOWER ;

DISABLE IRQ{ ):

ENABLE IRQ({ );
#endif
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dsantudainisdoulsunsusds dmsuduinauiteldlums

vaassnsdieyadnass iovadeunisdstoyauayiuamsuminnesiiuea

2) dunsuilvrwedaya 2047 lud

Mnenasesdewedluga Sx1276 wuiiansndimnisds
Wiilvundoyageandien 2047 ludld widiohnsifeulusunsunsleisdamedsuddos
Beulsunsuiindislusalaviiuedluga Sx1276 Snde Tasfifuneunisideulusunsy
uilodadl

2.1) vimmsudluvinvaaiiuls payloadLen iiasnninlu
Juwuuvasvnadeya 255 lud dnmsivunviinvesiauls payloadien tioa 8 Tn Favinli
asafmuasnevesfegansddldifios 255 Tud whify fafuFwhmsudlusinvessh

wdsliu 16 9n iesesiuntaiiuvinaveseyaliu 2047 lus

2.2) iwuarvessdamesdmivldanluauinvedaya

n1sda 2047 Tud Tagldvinnisuilefi3danesiddodn REG PACKETCONFIG? waz
REG_PAYLOADLENGTH anntiuvitnisudluddalidedinanidawmes teftareudiain

L2 -]

aa o) a s & 2 a v ooy w
SPawmed LasiluuSuAmnsfiwesiigatesiunsiudsioya REG_PAYLOADLENGTH
& o o W g we | aa ¢ A i 1 v aa 3 o )
nndwihnsualeddslifernnidawesiiefisrguAnndi3dames uazsiiluuiu
1 a cal o [ ) w oW = W o o
ATNITIULADINLNYITOINUNITIUAIUDYS Lananaguluy Packet vouaya AssUN 3.5 uay
| aa ¢ W < | aa ¢ =
A3Ramasnlilunismunu Packet format fagUil 3.6 Asdeamesnltlunisaruauuun

284 Payload ﬁ'\‘igﬂ'ﬁ' 3.F

¢———— Optional DC free data coding V&

¢« CRC checksum calculation

=Addrass Message
- byte Up to 2047 bytes

e Payload ———
(min 1 bvte)
=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

E‘Uﬁ 3.5 Fix Length Packet Format
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iA:Slr:ixJ Variable Name Mode “\""""'" FSK/OOK Description

Bits
Defines the packet format used:
i PacketFormat w [ 0x01 | 0 = Fixed length
1 - Variable length

Defines DC-free encoding/decoding performed:
00 - None (Off)

DcFree rw | 0x00 | 01 & Manchester

10 - Whitening

11 - reserved

Enables CRC calculation/check (Tx/Rx):
CrcOn w | 0x01 | 0> Off
1= 0n

Defines the behavior of the packet handler when CRC check fails:

‘ 0 = Clear FIFO and restart new packet reception. No
FAgpCeanl ™, | 000 | o ioadReady interruptissued.

1 = Do not clear FIFO. PayloadReady interrupt issued.

Defines address based filtering in Rx:

00 = None (Off)

i 01 -> Address field must match NodeAddress
LoidresaiRenty ™ | pxpo 10 = Address field must match NodeAddress or
BroadcastAddress

11 > reserved

Selects the CRC and whitening algorithms:
CrcWhitening Type w | 0x00 | 0 - CCITT CRC implementation with standard whitening
g 1 -» IBM CRC implementation with alternate whitening

< aia « <k
3UN 3.6 Samesnlylunisaiunn Packet format

7 unused r - unused
‘ Data processing mode:
6 DataMode w | 0x01 | 0 2 Continuous mode

1 - Packet mode

Enables the io-homecantrol® compatibility mode

5 loHomeOn ™w | 0x00 | 0 = Disabled
1 -> Enabled
& IOHONM@M ™ | 0x00 | reserved - Linked to io-homecontrol® compatibility mode
3 BeaconOn \ w | 0x00 | Enables the Beacon mode in Fixed packet format
2-0 PayloadLength(10:8) rw | 0x00 | Packet Length Most significant bits §
If PacketFormat = 0 (fixed), payload length.
70R  [PayloadLength(7:0) WL 9R4Q_Lif PacketFormat = 1 (variable)smax langtiin Rx, not used In Tx.
7.0 NodeAddress w | ox00 Node address used in address filtering.
7-0 BroadcastAddress rw | 0x00 | Broadcast address used in address filtering.

A =
sUfl 3.7 Fawesalilunisamunuuiaves Payload

3.1.2.3 @Un15%1 Multi access 984 Sensor node
| - o o o v o ¢
mumﬂunﬁmmuﬁum‘[u@a Sx1276 AT TAlU Sensor node @4

drutiazifuniseanuwuunaraSuien1i1eueed Sensor node FanAnIsISuGUN1SYNY
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I ' ) = y W = v o %) = v o
ns3petesdygasulutinisduioyailevesdugramionldou sUn 3.8 uandiisiu

04 State diagram N13¥1N9IUVBY Sensor node

Waiting for data to
send

Data Packet
Generate Packet sent

if(waitingtime > interval) .
Channel request |«=% Channel switch
4
Waiting for
" | channel reply Received channel reply packet

U 3.8 State diagram 1391191984 Sensor node

a o ° a 4 e o v
LIUAUN Sensor node %mm‘ssaag’luamuxﬂﬂm LAZLUDNIAINNDINITIY

deloyalulyl Gateway 1 Sensor node auid1ganuzadne Packet doya 91ntuasidng

[

]

anuziesvavesdynyunazlilunsds ndawiniewsdecdygranaiaiovios awdg
anugsensmeunavtasdnyunagldlunisas Weldsunisneundudesdyyraunldlu
nsdaaIzimsdslayanaseliludesdygranlafuueumng nTuaznduluseds

173 o/

Tayayainly uagvinisiugiluusavanuzsoll
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3.1.3 NM30NUUUNMININNIUVRY Gateway
MseonuuUMIvinuvasluga S76s Avimthidu Gateway olidmiuidu
v oW = ' ° I < | =
13uTeyangnamnen Sensor node uazthluuszananasely Fediuvsiniseanuuu Ao
dUn15v1 Multi access 999 Gateway

3.1.3.1 @139 Multi access 194 Gateway

3
1 =

duilidunshauvedduga 5765 fvimihildu Gateway Faduil
wfumsesnuuuuazedulemsiues Gateway sausn1sdudunsay QREGRAVGH
nmsbilddesdaa uazvinsmeundudesdygiaievesdugiunsenldu Fuan
State diagram N15¥1147UY93 Gateway m’mgﬂﬁ 3.9 uaneliiude State diagram N1

NUYDY Gateway

Waiting for
channel request

4

Searching empty Waiting for packet
channel data

| Channel reply

3U# 3.9 State diagram N15¥aLLBY Gateway

a v o4

SUAUN Gateway 9£50N15509UDYAIAYIUIIN Sensor node wd1ANlATU

17 1 L g 1

NN5303Y0Y0sdYRY 14N Sensor node WA Gateway ziiganusAumtasdainlag

e v U
I

L 1 s o tal 2 - a ¥ oas [ & 17
wAumYosdyaailidiinsldauiailuiausliiu Sensor node ndsantiuazidng



25

L] ) a ‘el ] W 1Y )
dorugmeunautesdyIuninansaliiinisldnuluds Sensor node Wd2339595U Packet

Joyalutesdynaniy 9 wagvhnmsiudilunsdazanuesely

3.1.4 N15ANLUUNITNNIUTINNUVBY Sensor node Lay Gateway

1
=l o

dauilazvhnisesnuuushunsilisulusunsudidinivgunisinuresluga
sx1276 Mimiiriiu Sensor node warluga 5765 vimihiilu Gateway lviau1snds
U93a91n Sensor node TUg Gateway 1l fauanamugui 3.10 udenlaezunsunisds

To3a97n Sensor node U8 Gateway

DATA
SENSOR NODE GATEWAY

3U# 3.10 vienlaesunsunisasdayan Sensor node e Gateway

@

3.1.4.1 MIkUsrBIdyI

INN5FAI5AUTENIIN Sensor node way Gateway Hu lunsalitdl
$1UMYD4 Sensor node 1A 1 FTulY oredwmaliiAnnIsTLRUMI s UNIL U
Yoyals Fefasdinisoenuuuresdyanafusening Sensor node uag Gateway lagviinIs
fvuatisrudildlunisdeanslia 920-925 MHz Faflugruninnd Unlicensed band
wazfinisfvuauianuudinslundaztesdygyaliivesay 100 kHz sauludarvun
M3Auuud (Guard band) iitetlestunsdeuriuvesdyaandy 25 kHz AU 3.11 A

1189INTUUIYBIFTY YU 1IAAD 920-925 MHz
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920 MHz
Channel 2

\ Channel 3 Channel 40

vy

) 1

el Vel el

0.6{:) 0'6\ TD’ '.69 Q"§ Q’f"P 0"{'\‘:‘ Q";v
& & & P P s EY

i 4
A £ MHz
g ¥ o

UM 3.11 1aasmsuiatesdygueiennui 920-925 MHz

° — 9} ' = 1 o
"ﬂjﬂﬂflﬁﬂ’]uqmﬂqiuu@‘ﬁ@ﬁﬁfyﬁy']ﬂﬂfu’U']QF’]'T]llﬂm‘iﬂUﬂqiﬁ@ﬁqiigﬂqfl\jﬂ?'}Nﬂ

l:] 1 i L7 1 9 1 u o 1
#1 920-925 MHz agaunsnlUsasda g alauszuimu 40 Fesdymnn lnefivun 1 9o

udesililunsmunu duansmsudstesdygaddmumsned 3.1

o bl A | o
M19199 3.1 NITULUITDIAYIUYIAIING 920-925 MHz

Channel Frequency (MHz)
Lower Center Upper
Control 920.025 920.075 920.125
1 920.150 920.200 920.250
2 920.275 920.325 920.375
3 920.400 920.450 920.500
4 920.525 920.575 920.625
5 920.650 920.700 920.750
6 920.775 920.825 920.875
7 920..900 920.950 921.000
8 921.025 D21.075 921.125
9 921.150 921.200 921.250
10 921.275 921.325 921.375
11 921.400 921.450 921.500
12 921.525 921.575 921.625
13 921.650 921.700 921.750
14 921.775 921.825 921.875




P15 3.1 Msutstesdiynanaeeud 920-925 MHz (fe)
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Channel Frequency (MHz)

Lower Center Upper
15 921.900 921.950 922.000
16 922.025 922.075 922,125
17 922.150 922.200 922.250
18 922.275 Dt 375 922.375
19 922.400 922.450 922.500
20 922.525 922.575 822.625
21 922.650 922.700 922.750
2 7 T 922.825 922.875
23 922.900 922.950 923.000
24 - 923.025 923.075 923525
¥.0a) 923.150 923.200 923.250
26 923215 923.325 923,875
27 923.400 923.450 923.500
28 9281525 92557h 923.625
29 923.650 923.700 923.750
30 923779 923,825 923875
31 923.900 923.950 924.000
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Aeldlulusunsudrdadau Sensor node

#include
#include
#include
#include
#include
#include
#include

//define

<string.h>
Thw.h"
"radio.h"
"timeServer.h"
"delay.h"
"low_power.h"
"vcom.h"

the frequency band

#if defined( USE_BAND 868
#define RF FREQUENCY

#elif de

fined( USE BAND 915 )

#define RF_FREQUENCY

#else

#error "Please define a frequency band in the compiler options.

#endif

//defined the radio variable
#define TX OUTPUT_POWER
#defined( USE_MODEM FSK )

#define
#define
#define
#define
#define
for @@ a
#define
#else

FSK_FDEV
FSK_DATARATE

FSK _BANDWIDTH
FSK_AFC_BANDWIDTH
FSK_PREAMBLE LENGTH

nd Rx
FSK_FIX LENGTH PAYLOAD ON

58

868000000 // H=z

820075000 // Hz

20

50e3
100e3
100e3
83.333e3
g

true

#error "Please define a modem in the compiler options."

#endif

//defined the state of radio Rx and Tx

typedef
{

enum

LOWPOWER,
RX,
RX_TIMEOUT,
RX_ERROR,
TXY
TX_TIMEOUT,

}  State

s_t;

//defined the state of radio node

typedef
{

} NodeSt

//define
#define
#define
payload
#define
#define
#define

enum

InputState,
ChannelRequest,
WaitingChannelReply,
PacketSent

ate_t;

d the variable of packet
RX_TIMEOUTﬁVALUE
BUFFER_SIZE

size here

LED_PERIOD MS

Reply Interval

TXSite

1000
2047 // Define the

200
3000

// dBm

// Hz
// bps
// Hz
// Hz
// Same
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uintlé_t BufferSize = BUFFER SIZE;
uint8_t RecievedBuffer [BUFFER SIZE];
uint8 t SendBuffer [BUFFER_SIZE];
uint8_t Buffer [BUFFER_SIZE];

bool MessageRecieved, TimerInterupt;
States_t State = LOWPOWER;
NodeState t NodeState = InputState;
int8_t RssiValue = 0;

int8_t SnrValue = 0;

static TimerEvent t timerLed;
static TimerEvent t timerReply;
/* Private function prototypes =—-——=—=--emmmommmem o~

___-.\—/
it
* Radio events function pointer
*1
static RadioEvents t RadioEvents;
/*!
* \brief Function to be executed on Radio Tx Done event
il
void OnTxDone( void );
PAS
* \brief Function to be executed on Radio Rx Done event
*/

void OnRxDone( uint8 t *payload, uintlé_t size, intlé t rssi, int8 t snr );
Vi
* \brief Function executed on Radio Tx Timeout event

®yf

void OnTxTimeout ( void );

¥ gl
* \brief Function executed on Radio Rx Timeout event
wf

void OnRxTimeout ( void );

S|
* \brief Function executed on Radio Rx Error ewvent
i

void OnRxError( void );

Y
* \brief Function executed on when led timer elapses
*/

static void OnledEvent( void );
static void ReplyEvent( void );
/‘k*
* Main application entry point.
'
int main( void )
{
uint32 t SendFrequency;
uintlé_t i;
uint8_t SendChannel, SrcIDn,DestIDn;
SrcIDn = 0x01;

HAL Init( ): //HAL driver initial
SystemClock_Cenfig( ); //System clock config
DBG_Init( ); //Debug initial
HW_Init( ) //Hardware initial

/* Led Timers*/
TimerInit (&timerLed, OnledEvent):; //LED Timer



TimerSetValue( &timerLed, LED_PERIOD MS);

TimerStart (&timerled );

60

//LED Timer set value
//LED Timer start

// Radio evevts initialization

RadioEvents.TxDone
RadioEvents.RxDone
RadioEvents.TxTimeout
RadioEvents.RxTimeout
RadioEvents.RxError
Radio.Init( &RadioEvents

)i

OnTxDone;
OnRxDone;
OnTxTimeout;
OnRxTimeout;
OnRxError;

Radio.SetChannel ( RF_FREQUENCY ) ;

//define modulation and config Rx and Tx variable

#if defined( USE_MODEM FSK )

Radio.SetTxConfig( MODEM FSK, TX_OUTPUT_POWER, FSK_FDEV, 0,

FSK_FIX_LENGTH PAYLOAD ON,

FSK_DATARATE, 0,
FSK_PREAMBLE LENGTH,

true, 0, 0, 0, 2000 );

Radio.SetRxConfig( MODEM FSK, FSK_BANDWIDTH, FSK_DATARATE,

FSK_PRERMBLE LENGTH,
true,

#else

0, FSK_AFC BANDWIDTH,
0, FSK FIX LENGTH PAYLOAD ON, BufferSize,
0, 0,false, true );:

#error "Please define a frequency band in the compiler options."

#endif
#1if defined (RXSite)

Radio.Rx( RX_TIMEOUT VALUE );

#endif
while (1)
{
switch
{

(NodeState)

//Input State Creating a random data packet

case InputState
#define TXSite

DelayMs (1000) ;

PRINTF ("Input State\n\zr");
randoml=randr (1, 0x£fff);
random2=randr (1, OXxffff) ;

Buffer[0] = 0x7E;
Buffer[l] = Ox7E;
Buffer([2] = 0xFF; //DestID
Buffer([3] = 0x01; [f8rcID
Buffer[4] = 0x6A; //Type
Buffer (5] = 0xFF; //RSSI
Buffer[6] = 0xFF&randoml;
Buffer[7] = (0xFF00&randoml)>>8;
Buffer([8] = OxFF&random?2;
Buffer[9] = (0xFF00&random2)>>8;
Buffer[2045] = 0x7E;
Buffer([2046] = 0x7E;
for ( i=10 ; i<BufferSize-2 ; i++ )
{

Buffer([i] = 1;
)
NodeState = ChannelRequest;



break;
//Channel request state create a channel request packet and send

case ChannelRequest
#define TXSite
PRINTF ("ChannelRequest State\n\r");
SendBuffer[0] 0x7E;
SendBuffer[l] = 0x7E;

SendBuffer[2] = OxFF; //DestID
SendBuffer([3] = 0x01; //SrcID
SendBuffer[4] = 0xFF; //Type
SendBuffer[5] = O0xFF; //RSSI

SendBuffer[2045] = 0x7E;
SendBuffer([2046] = 0x7E;
for ( i=5 ; i<BufferSize-2 ; i++ )
{
SendBuffer[i] = 0x41;
}
Radio.SetChannel ( RF_FREQUENCY ) :
State = LOWPOWER;
DISABLE IRQ( );
if (State == LOWPOWER)
{
#ifndef LOW_POWER DISABLE
LowPower Handler( );

#endif
)
ENABLE _IRQ( );
Radic.Send( SendBuffer, BufferSize );
NodeState = WaitingChannelReply;
break;

/*Waiting channel reply state wait for the channel reply packet and set
interrupt for reply interval and check the packet that received*/

case WaitingChannelReply
PRINTF ("WaitingChannelReply\n\r");
#define RXSite
TimerInterupt = false:
TimerInit (&timerReply, ReplyEvent);
TimerSetValue( &timerReply, Reply Interval):;
TimerStart (&timerReply ) ;
ENABLE IRQ( );
while (NodeState == WaitingChannelReply)
{
switch (State)
{

case RX:
Radio.Rx( RX_TIMEOUT_VALUE );
State = LOWPOWER;
break ;
case TX:

case TX TIMEOUT

case RX_TIMEOUT:

case RX_ERROR:
Radio.Rx( RX TIMEOUT VALUE );
State = LOWPOWER;
break;

case LOWPOWER



i
((RecievedBuffer [0]==0x7E) && (RecievedBuffer[1]==0x7E) && (RecievedBuffer([2]=

default:

break;

}

DISABLE_IRQ( );

if (State == LOWPOWER)

{
#ifndef LOW_POWER_DISABLE

LowPower Handler( );

#endif

}

ENABLE_IRQ( );

if (MessageRecieved == true)

{

0x01) && (RecievedBuffer [4]==0xFE))

}

break

{
SendChannel = RecievedBuffer[6];

SendFrequency = 920075000 + (125000*SendChannel) ;

DestIDn = RecievedBuffer[3];

PRINTF ("SendFrequency = %d\n\r", SendFrequency) ;
PRINTF ("DestIDn = %d\n\r",RecievedBuffer([3]);

Radio.SetChannel ( SendFrequency );
MessageRecieved = false;
NodeState = PacketSent;

else
{
NodeState = WaitingChannelReply;
MessageRecieved = false;
}
)
if (TimerInterupt == true)

{
NodeState = ChannelRequest;

}

r
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//Sent the data packet on the channel that was assigned by control gateway

case PacketSent
PRINTF ("PacketSent State\n\r"):
MessageRecieved = false;
#define TXSite
Buffer[2] = DestIDn;
DelayMs (1000);
State = LOWPOWER;
DISABLE IRQ( );
if (State == LOWPOWER)

{
#ifndef LOW_POWER DISABLE

LowPower Handler( );

#endif
}
ENABLE IRQ( );
Radio.Send( Buffer, BufferSize );
NodeState = InputState;
PRINTF ("Payload<%d> : ",BufferSize);
for( i = 6; 1 < 10; i++ )
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{
PRINTF ("%d",Buffer([i]);
}
BRIVNTE[™.conee M)08
for( i = 2040; 1 < 2046; i++ )
{
PRINTF ("%d",Buffer[i]);
}
PRINTF ("\n\xr");
break ;
)
}

}

void OnTxDone( void )

{

Radio.Sleep( ):
#if defined (RXSite)
State = TX;
#endif
PRINTF ("OnTxDone\n\r") ;

}
void OnRxDone ( uint8_t *payload, uintlé t size, intl6é t rssi, int8 t snr )

{
uintlé_t i;
Radio.Sleep( );
BufferSize = size;
memcpy ( RecievedBuffer, payload, BufferSize );
RssiValue = rssi; :
SnrValue = snr;
#if defined (RXSite)
State = RX;
#endif
MessageRecieved = true;
PRINTF ("OnRxDone\n\r") ;

)
void OnTxTimeout ( void )
{
Radio.Sleep( ):
#if defined(RXSite)
State = TX_ TIMEOUT;
#endif
}
void OnRxTimeout ( void )
{
Radio.Sleep( );
#if defined (RXSite)
State = RX TIMEOUT;
#endif
void OnRxError( void )
{
Radio.Sleep( ):
#if defined(RXSite)
State = RX_ERROR;
#endif
#if defined (TXSite)
State = LOWPOWER;
#endif
PRINTFEF ("OnRxError\n\r");

TimerStart (&timerLed );



}

static void ReplyEvent( void )

{
{

if (NodeState == WaitingChannelReply)

PRINTF("Timer interrupt\n\r");
TimerInterupt = true;

}

Mwildlulusunsuddedau Gateway

#include <string.h>

#include
#include

#define
#define
#define
#define
#define
#define
#define

"board.h"
"radio.h"

LED Toggle( x )

BSP_LED Toggle( x );

LED On( x ) BSP_LED On( % );
EED Of £ it} BSP LED Off( x ):
BACKUP_PRIMASK() uint32_ t primask bit= _ get PRIMASK()
DISABLE_IRQ() _ disable irqg()

ENABLE_IRQ() _ enable irg()

RESTORE PRIMASK () ___set PRIMASK (primask bit)

//define frequency and Tx power

#define
#define

RF_FREQUENCY
TX_OUTPUT POWER

//define radio variable
#1if defined( USE_MODEM _FSK )

#define
#define
#define
#define
#define

FSK_FDEV
FSK_DATARATE
FSK_BANDWIDTH
FSK_AFC_BANDWIDTH
FSK_PREAMBLE_LENGTH

Tx and Rx

#define
#else

FSK_FIX_LENGTH_PAYLOAD ON

920075000 // Hz

20

50e3
100e3
100e3
884333e3
5]

true

#error "Please define a modem in the compiler options."

#endif

//defined the state of radio Rx and Tx

typedef
{

enum

LOWPOWER,

RX,

RX_TIMEOUT,
RX_ERROR,

TX,

TX_TIMEOUT,
} States_t;

//define the control gateway state

typedef
{

enum

WaitingChannelRequest,
SearchingChannel,

// dBm

// Hz

// bps

‘e He

// Hz

// Same for
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ChannelReply
} GatewayState t;
#define RX TIMEOUT VALUE 2000//2000
#define BUFFER_SIZE 2047//64 // Define the

payload size here

uintlé_t BufferSize = BUFFER_SIZE;
uintSﬁt Buffer [BUFFER_SIZE];
uint8_t RecievedBuffer [BUFFER SIZE];
nings sendBuffer[BUFFER_SIZE];
States_t State = LOWPOWER;
GatewayState_t GatewayState = WaitingChannelRequest;
intlé_t RssiValue = 0;
int8_t Snrvalue = 0;
bool MessageRecieved;
/%]
* Radio events function pointer
*/
static RadioEvents_t RadioEvents;
i
* \brief Function to be executed on Radio Tx Done event
wil
void OnTxDone( void );
/¥
* \brief Function to be executed on Radio Rx Done event
LV

void OnRxDone( uint8_t *payload, uintlé t size, intlé t rssi, int8 t snr );

JE
* \brief Function executed on Radio Tx Timeout event
Hif
void OnTxTimeout ( void ):
L%
* \brief Function executed on Radio Rx Timeout event
g
void OnRxTimeout ( void )
el
* \brief Function executed on Radio Rx Error event
)
void OnRxError( void );
/**
* Main applicatiocn entry peoint.
*
int main( void )
{
uint8_t channelno,DestIDn,SrcIDn;
UlntE] 6 el
int32 t randl,rand2;
srandl( 10101 );
channelno = 1 ;

// Target board initialisation

BoardInitMcu( );

BoardInitPeriph( );

UartPrint ("\nS7678S8 SDK V1.2 (Multi Channel Gateway Control)\n");

#if POWER_SAVING_ DEMO
//Enter power-saving stop mode and then back to normal mode.
UartPrint ("Enter Power Saving mode for %ds ...\n",
POWER_SAVING INTERVAL) ;
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Demo_Enter_Stop_Mode (POWER_SAVING INTERVAL, GPIOC);
UartPrint ("Leave Power Saving mode ...\n", POWER_SAVING_INTERVAL) ;
#endif

// Radio initialization

RadioEvents.TxDone = OnTxDone;

RadioEvents.RxDone = OnRxDone;

RadioEvents.TxTimeout = OnTxTimeout;

RadioEvents.RxTimeout = OnRxTimeout;

RadioEvents.RxError = OnRxError;

Radio.Init( &RadioEvents ); //initial the radio event
Radio.SetChannel ( RF_FREQUENCY ) ;

//define modulation and config Rx and Tx variable
#if defined( USE_MODEM FSK )
Radio.SetTxConfig( MODEM_FSK, TX OUTPUT POWER, FSK_FDEV, 0,
FSK_DATARATE, O,
FSK_PREAMBLE LENGTH, true,
true, 0, 0, 0, 3000 );//3000
Radio.SetRxConfig( MODEM_FSK, FSK_BANDWIDTH, FSK_DATARATE,
0, FSK_AFC BANDWIDTH,
FSK_PREAMBLE LENGTH,
0, true, BufferSize, true,
0, 0,false, true );
#else
#error "Please define a frequency band in the compiler options."
#endif

#if defined (RXSite)
Radio.Rx( RX TIMEQUT VALUE ):
#endif
UartPrint ("\n");
SrcIDn = 0OxFF;
bool ChannelRequestRecieved;
ChannelRequestRecieved = false;
State = RX;
while (1)
{
switch (GatewayState)
{

//Gateway is waiting for channel request packet
case WaitingChannelRequest
#define RXSite
UartPrint ("WaitingChannelRequest \n\r"):;
MessageRecieved = false;
//Listen until received the packet
while (ChannelRequestRecieved == false)
{
switch (State)
{
case RX:
Radio.Rx( RX_TIMEOUT_VALUE );
State = LOWPOWER;
break ;
case TX:
case TX_TIMEOUT
case RX TIMEOUT:
case RX_ERROR:
Radio.Rx( RX TIMEOUT VALUE );



State = RX;
break;
case LOWPOWER
default:
break;
}
DISABLE IRQ( )
if (State == LOWPOWER)
ENABLE IRQ( );

//Check the packet Header if it is a channel request packet move to

thenext stage

if (MessageRecieved == true)
{ UartPrint ("message recieved \n\r"):
if
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((RecievedBuffer[0]==0x7E) && (RecievedBuffer[1])==0x7E) && (Recieved

Buffer [2]==0xFF) && (RecievedBuffer[4]==0xFF) )
{
MessageRecieved = true;
DestIDn = RecievedBuffer[3];
ChannelRequestRecieved = true;
GatewayState = SearchingChannel;
)
else

{

ChannelRequestRecieved = false;
GatewayState = WaitingChannelRequest;

else

ChannelRequestRecieved = false;
GatewayState = WaitingChannelRequest;

}
break;

//8earching an empty channel for assign to sensornode
case SearchingChannel

UartPrint ("SearchingChannel \n\r");

ChannelRequestRecieved = false;

MessageRecieved = false;

if (channelno == 1)

{

channelno = 2;
}

else if (channelno == 2)
{ channelno = 3;
;lse if (channelno == 3)
channelno = 4;
else if (channelno == 4)
channelno = 5;

else if (channelno == 5)

channelno = 1;



}
GatewayState = ChannelReply;
break;

//Create a channel reply packet and send
case ChannelReply

UartPrint ("ChannelReply \n\r"):;
DelayMs (1000) ;

fdefine TXSite
State = TX;

Buffer[0] = 0x7E;

Buffer[1l] = Ox7E;

Buffer[2] = DestIDn;

Buffer([3] = 0xFE; //SrcIDn

Buffer[4] = OxFE;
Buffer[5] = OxFF;
Buffer[6] = channelno;
Buffer[2045] = 0x7E;
Buffer[2046] = 0x7E;
for ( i=7 ; i<BufferSize-2 ; i++ )
{
Buffer([i] = 0x41;
}
UartPrint ("ChannelReply<%d> : %d \n\r",BufferSize,Buffer[6]);
DelayMs (1000) ;
State =-TX;
Radio.Send( Buffer, BufferSize );
UartPrint ("Sending?2?\n\r");
DelayMs (500) ;
GatewayState = WaitingChannelRequest;
break;
}
}
}
void OnTxDone{ void )
{
Radio.Sleep( ):
#if defined (RXSite)
State = TX;
#endif
UartPrint ("TxDone \n\r",BufferSize):;
}
void OnRxDone( uint8 t *payload, uintlé t size, intl6é_t rssi, int8 t snr )
{
uintlént i;
Radio.Sleep( );
BufferSize = size;
memcpy ( RecievedBuffer, payload, BufferSize );
Rssivalue = rssi;
SnrValue = snr;
UartPrint ("\n RxDone(%d) : ",size);
MessageRecieved = true;
#1if defined (RXSite)
State = RX;
#endif
}
void OnTxTimeout ( void )
{
Radio.Sleep( )
#if defined (RXSite)



State = TX_TIMEOUT;
#endif

UartPrint ("TxTimeout\n") ;

)
void OnRxTimeout ( void )
{
Radio.Sleep( ):
#if defined (RXSite)
State = RX TIMEOUT;
#endif

}

void OnRxError( void )
{
Radio.Sleep( ):
#1if defined (R¥XSite)
State = RX ERROR;
#endif
#if defined (TXSite)
State = LOWPOWER;
#endif
HartPrint (MRxExrror\n")
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STM32L476xx

Ultra-low-power Arm® Cortex®-M4 32-bit MCU+FPU, 100DMIPS,
up to 1MB Flash, 128 KB SRAM, USB OTG FS, LCD, ext. SMPS

Features

-

May 2018

Ultra-low-power with FlexPowerControl
- 1.71Vto 3.6 V power supply
- -40 °C to 85/105/125 °C temperature range

- 300 nAin Vgar mode: supply for RTC and
32x32-bit backup registers

- 30 nA Shutdown mode (5 wakeup pins)

- 120 nA Standby mode (5 wakeup pins)

— 420 nA Standby mode with RTC

= 1.1 yA Stop 2 mode, 1.4 pA with RTC

-~ 100 pAMHz run mode (LDO Mode)

- 39 pA/MHz run mode (@3.3 V SMPS
Mode) !

- Batch acquisition mode (BAM)

- 4 s wakeup from Stop mode

-~ Brown out reset (BOR)

- Interconnect matrix

Core: Arm® 32-bit Cortex®-M4 CPU with FPU,

Adaptive real-time accelerator (ART

Accelerator™ ) allowing 0-wait-state execution

from Flash memory, frequency up to 80 MHz,

MPU, 100DMIPS and DSP instructions

Performance benchmark

- 1.25 DMIPSIMHz (Drystone 2.1)

- 273.55 CoreMark® (3.42 CoreMarkiMHz @
80 MHz)

Energy benchmark

- 294 ULPMark™ CP score

- 106 ULPMark™ PP score

Clock Sources

— 4 to 48 MHz crystal oscillator

- 32 kHz crystal oscillator for RTC (LSE)

- Internal 16 MHz factory-trimmed RC (£1%)
- Internal low-power 32 kHz RC (£5%)

- Internal multispeed 100 kHz to 48 MHz
oscillator, auto-trimmed by L SE (better than
+0.25 % accuracy)

- 3 PLLs for system clock, USB, audio, ADC

Datasheet - production data

P144 20 =
LOFP144 @0 = 20) ;g:-’;é, Fipon it
WLCSP81

LOFP100 {14 %14)  UFBGA132
LOFPBS (10 % 10} UFBGAN4(

Up to 114 fast |/Os, most 5 V-tolerant, up to 14
1108 with independent supply down to 1.08 V

RTC with HW calendar, alarms and calibration

LCD 8x 40 or 4 x 44 with step-up converter

Up to 24 capacitive sensing channels: support

touchkey, linear and rotary touch sensors

16x timers: 2x 16-bit advanced motor-control,

2x 32-bit and 5x 16-bit general purpose, 2x 16-

bit basic, 2x low-power 16-bit timers (available

in Stop mode), 2x watchdogs, SysTick timer

Memories

- Upto 1 MB Flash, 2 banks read-while-
write, proprietary code readout protection

- Upto 128 KB of SRAM including 32 KB
with hardware parity check

— External memory interface for static
memories supporting SRAM, PSRAM,
NOR and NAND memories

—~ Quad SP| memory interface

4x digital filters for sigma delta modulator

Rich analog peripherals (independent supply)

— 3x 12-bit ADC 5 Msps, up to 16-bit with
hardware oversampling, 200 pA/Msps

- 2x 12-bit DAC output channels, low-power
sample and hold

— 2x operational amplifiers with built-in PGA

~ 2x ultra-low-power comparators

20x communication interfaces

- USB OTG 2.0 full-speed, LPM and BCD

2x SAls (serial audio interface)

3x [2C FM+(1 Mbit/s), SMBus/PMBus

5x USARTs (ISO 7818, LIN, IrDA, modem)

1x LPUART (Stop 2 wake-up)

D510198 Rev 7 11270

This is information on a product in Jull poduction

waw stcom
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STM3 214 Téocx

= 3x SPls (and 1x Quad SPI) « True random number generaior

= CAN (20B Active) and SOMMC interface * CRC calcudation unil, 96-bit unique 1D

=~ SWPMI single wire protocol master I'F * Development support serial wire debug

= IRTIM {Infrared interface ) (SWD), JTAG, Embedded Trace Macrocel™
» 1d-channel DMA controller *+ AN packages are ECOPACK2® compliant

Table 1. Device summary

Reference Part numbers
STMI2LATERG, STMIZ2L4ATEIG, STMIZLATEMG STMIZL4T6ME, STMIZL4TEVG,
STM32L4T o STM32L4TEAG, STMIZLTEZG, STMIZLATERE, STMIZLATEJE, STMIZLATEVE,
STM3I2L4THQE, SMLHGZE. STMILSTERC, STMI2LATEVC

2270
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LoRa
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SX1276/77/78/79

WIRELESS & SENSING PRODUCTS DATASHEET

SX1276/77/78/79 - 137 MHz to 1020 MHz Low Power Long Range Transceiver

GENERAL DESCRIPTION

The SX1276/7778/79 transceivers feature the LoRa™ long
range modem that provides ulra-long range spread
spectrum communication and high interference Immunity
whilst minimising cumrent consumption,

Using Semtech’s patented LoRa™ modutation technique
SX12T&TT/TB/79 can achieve a sensifvity of over -148dBm
usng a low cost crysial and bill of materiais. The high
sensilivity combined with the inlegraled +20 dBm power
amplfier yekds industy leading link budget making it
optimal for any application requiring range or robusiness,
LoRa™ provides significant advantages in both blocking
and selectivity over conventional modulaion techniques,
solving he raditional design compromise belween range,
interference immunity and energy consumption.

These devices also support high performance (G)FSK
modes for systems including WMBus, IEEE802.15.4g. The
SX127677/T879 delver exceptional phase noise,
sedectivity, receiver inearity and IIP3 for significanlly lower
curment consumption than competing devices,

ORDERING INFORMATION

00

| e

] ol
e Al e Wi e e

KEY PRODUCT FEATURES

LoRa™ Modem

168 dB maximum link budget

+20 dBm - 100 mW constant RF output vs. V supply
+14 dBm high efficiency PA

Programmabbe bit rate up 1o 300 kbps

High sensitivity: down to -148 dBm

Bullet-proof front end: [IP3 = - 11 dBm

Excelient biocking immunity

Low RX curent of 9.9 mA, 200 nA register retention
Fully integrated synth esizer with a resolusion of 61 Hz
FSK, GFSK, MSK, GMSK, LoRa"™and OOK modulation
Buit-in bit synchronizer for clock recovery

Preamble defection

127 dB Dynamic Range RSS!

Automatic RF Sense and CAD with ultra-fast AFC
Packet engine up 1o 256 bytes with CRC

Buiit-in lemperature sensor and low batlery indicator

LR I I I R T R T S S S SR S Sy

SX12Z7T6MLTRT T&R 3000 pleces
SX1Z7TMLTRT T&R 3000 pieces
SX12T8MLTRT T&R 3000 pieces
SX1ZTOMLTRT T&R 3000 pieces
SX1276WS Water Fomm 1 Water (2000 dies)

* QFN 28 Package - Operating Range [-40;+85°C)
* Pb-ree, Halogen free, RoHS/WEEE compliant product

APPLICATIONS

*
+*
*
*
»

Automated Meter Reading.

Home and Buiiding Automation,
Wireless Alarm and Security Systems,
Industrial Monitoning and Control
Long range Imigation Systems

Rev. 6 - January 2019

S2(1 9 Semtech Copomton

Page 1

www semtech.com
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FEATURE

®  Chipset: STM32LO73xZ and SX1276 ®  FSK, GFSK, MSK, GMSK, LoRa and OOK

modulation
®  High performance ARME Cortex® -MO+ 32-bit
®  Packe engine up to 256 bytes with CRC

RISC core operating at a 32 MHz frequency % . Bullia ture sensor and low battery

®  Embedded memories (up to 192 Kbytes of Flash indicator

L] E i I in LG
ry and 20 Kbytes of RAM) poxy molding finished module in LGA type

® - Small footprint : 13mmx 11 mmx .1 mm
®  LoRa Modem
®  +20dBmconstant RF output vs. V supply

®  Progmmmable bit rate up 1o 300 kbps

High sensitivity: down to -137 dBm

®  Excellent blocking immunity

5765 Block Diagram

STM32L073xZ

SPI/IRQ/Reset
——

/l ACSIP Technology Corp. ‘ TN Tl Cl o -
CSIP BEHRROARAE 7 o0omeam e TORTT
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Product Brief

Technical Specification
M 5765
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odel Name
Product Description LoRa Wireless Communication Module
Package LGA type
Host Interface UART

Dimension

1I3mmx11 mmx1.1 mm

Operation Conditions

Operating Voltage " 33V

B Storage : -50C ~+105C
Temperature

B Operating : -40C ~+485C

B Operating : 10 ~ 95% (Non-Condensing)
Humidity

B Storage ! 5~ 95% (Non-Condensing)

d L) dl U

Frequency EUB68 / US915
Band Width 62.5~500KHz
Tx Power +20dBm max.
Sensitivity Down to -137dBm

Nesip

AcSIP Technology Corp. 1+ >' 3 ;r
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