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ABSTRACT

At this time Thailand have been growing up quickly in industrial. It caused a
lot of pollutions increasing, including problems of environment. But it is difficult to
solve this problem, if there is no information of pollution . So that was the derivation
of “Long Distance Transmission Pollution Meter” in order to gathering and reporting
data to server.

In_working principle, there are MQ-135 Sensor and PM2.5 Sensor for
measurement. Voltage output of sensor will be sent by Analog to Digital form or ADC.
After that calculated from voltage output for another value to send to gateway via
STM32 LoRa B-LO72Z-LRWAN1 by bandwidth 920-925 MHz that was specified for LoRa
Technology in Thailand. And so the data will be collected at Network Server.
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9¢laifinsds Acknowledge nduain Application Server ¥ End-Device
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A28819M53Udsdayauwuy Confirmed-Data Message

Network Application
Server Servers

Application
Servers

;:;Uﬁ 2.16 gateway yiadowalasutayauas forward dayar UDP Protocol IP base luil
Network Server

Application
Servers

£
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o
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IEELE

EE

Ul 2.17 Network Server §An13:389m3 duplicate Yeyauazdwinluil Application

Server §uuuy Unconfirmed-Data Message 9sauiidunauil
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Network Application
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= = ANG ¥ A4
JUT 219 Network Server aviien Gateway iigailsiaiiedsdona Acknowledgement

nduluf End-Device

Application
Servers

3‘1]17'! 2.20 Gateway 9g@d Acknowledgement n&ulu#l End-Device
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Tunsdii Application Server figsnsasdayalum End-Device #8814 Class-A

Gateways Network Application
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Server Servers

Application
Servers

Application
Servers

P ° @ ' 1 o 4 AP u . 1% =
gﬂ‘n 222 mﬁﬂu%mmsaaumw End-Device 9¢AUTUNLALISUAY Transmits VDUANIY

annsadadeyanaulula
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2.2 aviivianansEnusisguawvasaienisenidlulszmelneg

[
Q @ =

Fa¥¥a munefe mstauedeiinansdatedAyniedsiinanawualiuieafy
Usningmseiniisgitliannsansnaeuldiui

¥ nuaien1eenia (Indicator of Air Pollution) Mg Asfuanatedfey
uasuunltiivesnaan vazwasUSUIMIYDI0IAA

Hagtuemamlandesiuysamalnedoduiivaiviudouagunn weernaiild
melaniguenens (Outdoor Air Pollution) wavnelue1ens (Indoor Air Pollution) Wae
uanugyiliiinnsdulag lesanzedadwihbiidalsassuumadumela Faili
gadordslumsdnvmenuiaduettann undswesasuuleumaniiinannisusznou
Aanssuene 4 Tudenududilung envnilfadaenuvdsnusssumasngis Fae19suun
il

- undensuaNyn1eINIAIINNITUsEnauRInssuludau laun nsUsznauendn
Tumsusgnaunsgnamngsy INYRINSIN AI5U3NNT MSABad N5AT19T MIEAN uay
wednssuvasyanaludan o maguynd msiuazmsinss asiwdl sy

- unsenaNANENII@INIARINGSINIIR  Loun Juazess Meuassadiiiaduniy
sasuh ud duavess fw waziedeniuinlan anmssadavespenl wdiiusaeu
9nituialan

1u‘Ui%mﬂ‘l‘lﬂﬂﬁuUSSﬁU{]Eywﬁ“l_li.lﬁﬁ‘hm%ﬂ”imﬂLLaﬁﬁf;l:LﬁUﬂ'lEJﬁ’)EJIﬁﬂ‘iEUUWNLau
wiely giiud widaunevile Feeieniennnnuafivieenmedina e

Uagiu 'luﬂsmmlwaﬁu’uﬁwmwﬁqamuﬁﬁuﬁumim'sai’ﬂﬂmmwmmﬁ e
whenw  nsumuguaaiy TaeflandensiaeneidunsammamuasuasUiuama uay
Jwinlugiinie sauviedu 19 Sawda Tiud anrilnsaeinermasansa NIUNNUMIUAT
aynsuins dyvsenas Unuendl wunys Gedmi d1Ue waseassA assys uassvdn
VOULNU  BYTET SITYT vay3 TwHRe asdune gaegiondl Qe awan leefinng
ATIvInAuAMEINMARINIT e TuateYle Wun Amududuresing duazess (Fuun
auwIe) gamgll uazdnYBINSWALULABENIALAYUAIUAR St

1. anainfeidAgyuisin Tnedamududundsmmuduiuresieusasaiely
a1 1 Falus 8 Falue 24 dalue dun Aeasusuueuenles (Carbon monoxide: CO)
miueulaeenles (Carbondioxide: CO,) Aalungululmsiausenlest (NOX) (9u Tulnsiou
8onlesl (Nitrogenoxide: NO,)) fwu(Methane) dameslneeanles (Sulphur dioxide: SO,)
Tolou (Ozone: O5) FuaWd (CFC)
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2. avraiafuazens Tnefnnnududuedemududuvesiuaresudazyialy
taeiaan 1 Fala 8 $alue 24 $als 1unl duaresslagsau (Total Suspended Particulate:
TSP) fuazessiilivunadnnin 10 luaseu (PM 10) uasduazessifiowaidnnii 2.5 lunseu

3. 5ad laun Ssdlaemaumwesnneeiing (Net Rad) waysdnnnsenu

4. fienaau

5. AMISIRY

6. Viunanhry

7. v

lunsdlvessviigainiweinia u drindanisamnimernisuasides nsuauau
waity linmuanasivesivinunmeniadmiuusemelng Taefinnsdnaisuinasgiu
A mUsIIMATLUYeEsNaRivn190IMA 5 Ussiam WWun felolou 1de 1 dalus fre
lulasiaulaeenles iy 1 4alue freaniveuneuuenles wis 8 $2lus fedamesle
oonled 1y 24 $1lue uazduazosssuindnnds 10 luaseu wde 24 Hilusiilsvd
Auamenaifnildvesnsuaismse massavilafiingan eldidudvinuam
omAvesiuiy dvigunwerniaveslssmdlnentsoomiu 5 suiu Aadiud 0 Fa
i 300 SawsiazseiualiA udydneriuiouiieussiusemansemusoguameunsie
Tadviinmuniweinia 100 sxlieflsuwiunasguganiweineluusseanialaesialy win
suilnanweniAgaiundy 100 uaaviAaududuvesaivnienaliaAunsg
uazamnmeIneluiuiurEuiinansynudegun e Tsvesvney fauanslumsnad
1 FesiwilSouiiunanmoimelusziusing q dulduanstflumsied 2 daunsdivesyid
fimaan auiren Uhnanidy mmaduduividulildihnnseinetdeides fins

anvinduuwnsduagliliineunsdoyalaealy
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U 3

BN15IIIUTsysytinus
3.1 3en1Ia Uy

3.1.1 MuuamiTelaseny

3.1.2 Anwvoyauasni1svinnuYes Sensor Liagn

3.1.3 finwnsdetayalae LoRa

3.1.4 @nwINMIinIuTed STM32 LoRa B-LO72Z-LRWAN1
3.1.5 Anwmadeulusunsusiieniw C

3.1.6 MAaBIN1SAIYRYAKIY LoRa HIWAIDUYDY CAT
3.1.7 sanuuunaeslng Adobe Illustrator wazsnidudinass
3.1.8 1 Sensor s deusaiu mel¥naesiioanuuy
3.1.9 vhs Monitor dayavignadunds Server

3.1.10 UFulgwnlatetianaie

3.1.11 @ysB9U
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3.2 Jangunsalinlyd

3.2.1 STM32 LoRa B-L072Z-LRWAN1

LoRaWAN™ STM32 B-LO72Z-LRWAN1 284 STMicroelectronics i{uiadasiionmun
dmiunsFeuiuasianulegiuuuiugumalulad LoRa™ waw/mie FSK/OOK indesiiod
iauslsgiulugasiunuszasduuuda (ny Murata) Weudtlmuedoreiinseunquitui
A$euslindaaush (Low-Power Wide Area Network - LPWAN) uazsasiulusianealdane
szeglna LoRaWAN

B-LO72Z-LRWAN1 sn3auiugenduas (-CUBE-LRWAN) wuuidudnfiadiiiunis
Suseaiiterfmunlvun LoRaWAN Ifeensaysal I-CUBE-LRWAN iflu LoRAWAN #lriums
FUTBIUTELAY A Uazsessulseam C

vasmiihuauesudeusie Arduino dwmsuvesadiuvesveudues, nsesieinly
M (ST-Link V3), wadn USB esgunsel USB 2.0 FS, dasldgauumnal (Fumds), fideuse
SMA wagianenia 50 lavi

ilesmnlugadifuuuide Sdiisndudodd Mcu mevenitedenldueunaindy

ausaleantuanaluniiennududavniely STM3200 16

arm
MBED
Enabled

E‘Uﬁ 3.1 STM32 LoRa B-LO72Z-LRWAN1
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3.2.2 Air Quality Control Gas sensor MQ-135

MQ-135 Iu@awuwa%mni’mamwmmﬂ lasnsa99uia NH3, NOx, Benzene,
Alcohol uay Smoke TnszauAUITNTUvDILAalanua 10 f9 1000ppm d1nsuldly

geamnssurIeluasiFou

E‘Uﬁ 3.2 Air Quality Control Gas sensor MQ-135

3.2.3 Arduino ESP32

lgausuiu Arduino IDE 1a8 Arduino ESP32 wQnindunsaiu PM2.5 Sensor
- SPS30 Lwamumua daq aualﬂﬂa STM32 LoRa B-LO72Z-LRWAN1 Lwammmanu Server
mall

g
o

)

33 25 26 27 34 12 GND 13 D2 Uacns,r
rh@ﬂﬂﬂﬂﬁql‘bﬂﬁﬁ

5U#l 3.3 Arduino ESP32
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3.2.4 PM2.5 Sensor - SPS30

s 1 A a |
\Ju Server a3199veYN Al lngvuineun1AnsI9dulafe PM1.0, PM2.5, PM4
al o v oy & W 5
uay PM10 vuineymaidniigniinsiadulaie 0.3 um 14lWides 5V siefu Microcontroller

16 #easuwuu PC way UART ¥auluv Laser scattering

e
=
=2

3.4 PM2.5 Sensor - SPS30



3.3 Block Diagram

PM2.5 Sensor

UART

\\\.\.f&//-/.///

ADC

MQ135

920-925 MHz LoRa

920-925 MHz LoRa

g‘dﬁ 3.6 uand Block Diagram
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NANIIANEI

4.1 mauh 1 %3 config aunsalaauladuwa3atie

vhmmeasadeulusunsuiteligunsniideusioidnfiuieiet1s LoRa WAN 2o CAT
TELECOM Tanrwunsdsseluil
AR 923 MHz (13818 LoRa Tulvedl nave fwslildeslutasmnnd 920-925 Mh2)
Device EUI 1296D01174802124
Device Address 74802124
Network Session Key 28AED22B7E1516A609CFABF715884F3C
Application Session Key 1628AE2B7E1502A6ABF7CF4F3C158809

o =

e Config Auae B-LO72Z-LRWAN1 fivhnsideulusunsuadly @2 Tera Term

7 COMS3 - Tera Term VT -~ O X
File Edit Setup Control Window Help
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\iA Logger Data Manene Server mneeulatiagdu Payload IngAmuansazagiu
JuluuaugIu 16

gﬂ‘ﬁ 4.2 %A Logger Data fivanevng Server



4.2 fauhl 2 w1A1 Delay vauasatielunisdeanisiaveasa

M9aed Input Data nduxdmFmgUnsal Tnedsulily LED Edhiueiain

{
"payloadHex": "01",
“targetPorts™ "2",
"status": "QUEUED"

Ul 4.3 vnaes Input Data tnedanuliln LED Sihiluedaia

s

Y [ | s 1Y) = = & w
Y9889 Input Data ndulfiIgunsal lnedsnululn LED dWfivasasiu

b

{
‘payloadHex": "00",
"targetPorts": "2",
"status": "QUEUED"
}

31157'; 4.4 MAae4 Input Data laedseulily LED afhiiuesasy

28
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M15797 4.1 M5uanern Delay Tunsdstoya

29

Al nadsllwanGui) vandsiinsuGuad)
1 25 32
2 25 21
3 21 26
4 29 8
5 21 12
6 2 14
7 55 4
8 29 16
9 10 14
10 dEC) 12

\nde 17.6 159

60

50

40

30

20

10

== 0| ED ==@==1nlED

JUT 4.5 nsmuaneen Delay Tumsdsdayasianss



4.3 fauN 3 naassarua V aglusunsuludivasnuas Server

30

imsvaadlagtlounssiu Input WnduesaiavinseuAwas TuTinNa wiou

Wigununwanslusi Server

U

¢ ——

| _xadecimal to text

Device Acdrass  DevEUI Paylead :
31283135

74 D01174802124. 31263135
4802124 12 4 4 31203135
4 4 001174 4 3120313
4802124 4802124 3123135
4 D01174 4 312313 hex numbers to text
74502124 GD01174802124 3123135 11s

Ul 4.7 ¢ Vil

81ulA91N Tera wazann Server 81431 AW Input eluduiiawils



P~ ¥ - o o 1
A9 4.2 ANTUERAIAT input wased Server Nisuls

input (V) | Read Tera (V) | Read Server Logger(16bit) 16bit to text (V)
0.00 0.04 302e3034 0.04
0.10 0.14 302e3134 0.14
0.20 0.24 302e3234 0.24
0.30 0.34 302e3334 0.34
0.40 0.44 302e3434 0.44
0.50 0.54 302e3534 0.54
0.60 0.64 302e3634 0.64
0.70 0.74 302e3734 0.74
0.80 0.84 302e3834 0.84
0.90 0.94 302e3934 0.94
1.00 1.04 312e3034 1.04
1.10 (e 312e3134 1.14
1.20 1.24 312e3234 1.24
1.30 1.34 312e3334 1.34
1.40 1.44 312e3434 1.44
1.50 1.54 312e3534 1.54
1.60 1.64 312e3634 1.64
) .72 312e3734 1.74
1.80 1.84 3123834 1.84
1.90 1.94 31263934 1.94
2.00 2.04 322e3034 2.04
2.10 2.4 322e3134 2.14
2.20 2.24 322e3234 2.24
2.30 2.33 322e3333 233
2.40 2.44 322e3434 2.44
2.50 2.54 3223534 2.54
2.60 2.64 322e3634 2.64
2.70 2.4 322e3733 2.74
2.80 2.84 322e3834 2.84
2.90 2.94 3223934 2.94

31



3.00 3.04 332e3034 3.04
3.10 3.14 332e3134 3.14
3.20 3.24 332e3234 3.24
3.30 3.30 332e3330 3.30

32

' VoA 2 t a1 (| 1al
VAN Arfignldan Server uay Tera u aefidunnninen Input ogi

d U U v J s !ﬂl
0.04 wag? Input 3.3V 9g81uAlA1N Server wag Tera wWinuf 3.3V



4.4 PauN 4 NNADINISYINIUYBY Sensor MQ-135

33

o L [ Y] 5 . i o a o
Mmsneasdlagld MQ-135 TuswnsutnAuusss Arduino Uno adaanuafisiiun

INTNINTETIULUR

A19199 4.3 esaneAnenulaann MQ-135

vinifulAsasdl
RAW adail 1 | RAW adil 2| AVG. Raw | | s dreaseagn
~l (hau)
402 411 406.5 4931 | 2018 1
414 407 410.5 2012 | 2019 1
411 409 410 8854 | 2016 1
602 599 600.5 11715 | 2018 2
430 429 429.5 8612 | 2017 2
436 432 434 9206 | 2016 2
455 460 457.5 12062 | 2016 B
450 448 449 25849 | 2015 3
474 arv 475.5 7956 | 2018 4
650 644 647 18998 1y 2017 4
477 476 476.5 15468 | 2016 4
499 502 500.5 20541 | 2016 9
511 509 510 9855 N\P20r 6
513 508 510.5 13545 | 2016 6
522 Wy 3203 24544 | 2015 Y
533 539 536 14545 | 2016 8
420 416 418 7562 | 2016 9
584 589 586.5 21105 | 2015 9
588 581 584.5 20284 | 2014 9
602 603 602.5 7445 | 2017 10
604 609 606.5 9875 | 2017 10
625 619 622 10251 | 2016 11
633 639 636 29854 | 2015 12
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650 653 651.5 11125 | 2016 il
450 443 446.5 22501 | 2014 13
655 648 651.5 13524 | 2014 13
700 703 F01.5 26547 | 2015 15
715 718 716.5 23144 | 2015 18
119 710 714.5 26584 | 2015 1
12 729 27 29854 | 2014 28
789 782 785.5 27559 | 2014 22

WBIWY  31NN13TIRBIENUATRITIRY WU Sensor In1svianuleiaie weilianunsads

1msguld) Wuisansvadousa Sensor Wity



4.5 AU 5 NAABINISN19IUVaY PM2.5 Sensor

vhmsveaeslagld PM2.5 Sensor Wsunsudhiuuesa ESP32 (e tardu PM2.5

= G v
M990 4.4 WjiqﬂLLﬁﬂQﬂWWﬂ'}ulﬂﬂ']ﬂ PM2.5 Sensor

35

ASsdi PM2.5 (ug/m?) Vout (V)
1 17.49 0.17
2 17.45 0.17
3 17.59 0.17
4 17.65 0.17
5 17.61 0.17
6 17.57 0.17
7 17.65 0.17
8 17.90 0.17
9 18.03 0.18
10 17.55 0.17

vaneme A1 Vout Iiannisidn PM2.5 Aldlums 100 dieds ADC ndumdsuasn STM32
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4.6 nauil 6 naassldiugunsal

v 1% ' v e v & 2, o - ' &
MINAaesdemy ldanunsavanledn afisuleuy Wusserseld lnanisveanail

Judassanaunisaiiifmuatuun WetaAuaseuaiild Tuansneiuteesdls

aauf 6.1 nmeluios

=i ¢ v
JUN 4.8 anumsalnigluvios

15199 4.5 mssuaseraniunisainieluies

ASed PM2.5(hex) PM2.5(text) |  MQ135(hex) | MQ135(text)
1 | 504d322e3520392e37 | PM2.59.7 | 31203035 1.05
2 | 504d322e352033302e31 | PM2.530.1 | 312e3037 1.07
3 | 504d322€352031302e32 | PM25 102 | 3123035 1.05

AVG 16.67 1.06




= & de
AU 6.2 WUNlaInDuLTn

o U fl ) 1 154
M50 4.6 M99 LLﬁmmamuﬂ'}imwuﬁmmam‘m

JU# 4.9 anumsninunlamedn

& o
AIN

PM2.5(hex) PM2.5(text) MQ135(hex) MQ135(text)
1 504d322e352035372e34 | PM2.5 57.4 312e3036 1.06
2 | 504d322e352035382e39 | PM2.5 58.9 312e3036 1.06
3 | 504d322e352036302e31 | PM2.5 60.1 312e3038 1.08
AVG 58.8

1.07

37



= v da
3U% 4.10 anunsallnagaidise

A15199 4.7 gTERsRanunsailndganise

38

Asq PM2.5(hex) PM2.5(text) | MQ135(hex) | MQ135(text)
ii

1 | 504d32235203130352¢38 | PM2.5 105.8 | 30263934 0.94

2 | 504d322e35203132312e34 | PM2.5 121.4 | 302¢3836 0.86

3 | 504d322¢35203132372e35 | PM2.5 127.5 | 30203934 0.94

AVG 118.2 0.91




UNi 5

a ¢
WATIEVLATATUNANIINAADY

5.1 @gunanisnaaas

5.1.1 meuil 1 %1113 config Tigunsnfasulafuuiafedie

INNTNAABIYDY B-LO72Z-LRWANL %d391n¥ian1s Flash selusunsy Keil wasld
TUsunsu Tera Term as19dey Port ldgndasnmiiivuauazannsafnsedoarsiu Server
CAT I anunsadenumslnasugnuninud 920-925 MHz ¢

5.1.2 @auil 2 WA Delay vaunSevislunisdenisiausin

B-LO72Z-LRWAN1 \¥auste Server 18 usifiein Delay Taifls $atha uazdiha

5.1.3 aauil 3 naasssudl V Tnelusunsulufruasauas Server

14TUsunsy Tera uazsa Server Aritlddumniloutu uilutasen input 0-3.2v il
gldfann Tera uazi Server snnndendl input a5adlUT 0.04 V dau input 3.3V anansa
QUINOER

5.1.4 fauil 4 NAABINITHIIUYBY Sensor MQ-135

safilaiesldtehiueios uazsadignldunuy Tuadesn RAW fiemild

5.1.5 aufl 5 NNEBINITVIULEY PM2.5 Sensor

90 Library #ildfannseina) PM2.5 ldAaudnais

5.1.6 wauil 6 naasdldnuguninl

NNNIMAaEIReUT 6.1 aaruntsainigluveanuingian PM2.5 lde=16.67 ug/m?
wazs Al MQ135= 1.06 V

MNNINAaBIRBNl 6.2 aarunisaluiildmeutdinuinien PM2.5 lade=58.8
ug/m? uagaumla MQ135= 1.07 V

MNMIVAaBIneUil 6.3 anunsailndyaiiisanuinger PM2.5 ade= 118.2 ug/m?®
wazauALA MQ135= 0.91 V
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5.2 AATIZUHANISNARDY

5.2.1 aauil 1 %15 config Tgunsafeaulaiuuiaietie

Adildunsanud config 1 fvedeaunsavhaulduuateteditmue

5.2.2 naufl 2 A1 Delay vauaSatrglunisdanisdiuada

B-LO72Z-LRWAN1 idausia Server 18 usilfn Delay laiile 15919 wagdte su
Lﬁmmmﬂé‘fzycmmumw%ammLﬁu—dauwaeﬁwﬁm@m Uiy aufegunIudi
T45iAn929 920-925 MHz Wi

5.2.3 noufl 3 naaasd1ua v Tnslusunsulufusdauas Server

AN 0.04 V fuaaiifinein Noise fiintungluiasvesuadn

5.2.4 maufl 4 NAABINITINGIUYBY Sensor MQ-135

ongsauazisiuiniosiidionsedian dnaror RAW 7 Sensor guld (Fh RAW B
annudadh AQl 1nndhe) Tnstadesaitengnisldauunn uasldreslddhedtuiedes iinade
A1 AQI

5.2.5 AOUTl 5 NARDINIIIIILYEY PM2.5 Sensor

210 Library #ldanunsadadn PM2.5 1693 waranansathenitlduduanuadls
Ju V itedenludidngunsallegndes uae v fidrweenluilanmusiuau

5.2.6 aouil 6 naassldsugunsal

91nA1 PM2.5 Tuaaunisaitnedu fedrlndidesiudeiinnly Taedarunniignaly
amunsallndqaiiiisn anumsaifuildameud anumsalnelusios sudidu  wivdn
Afildann MQ135 1y linssmumald inswan aounsallndqaiiilse mstiAniian us

| e v w a1 v e
ﬂ"]mﬂ"ﬂ']ﬂﬂ"li'ﬂﬂﬁ@ﬁﬂﬁUﬂﬂqu@HW?‘Iﬂ
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5.3 asuideunn

- = i v oo ' ¥ =

5.3.1 M5# B-LO72Z-LRWAN1 L¥eusia Server uéil Delay Aoudisgatiu iiasen
& Y 0w ' a g v o 3 i ] Y] d' [
Wutednavesdrumudiild gnimualay nany. wmndesmsadlasiiiassas wWasululd
gunsaivsediyginved NB-IOT veanaaseteduildguuuunsdadu 36/4G uny

5.3.2 Noise fitiuan 0.4 V wu anansa@oulusunsuliguen v Aldudmihnisavse
0.4 V lansutindanduiu

53.3 dwillivusdeuih uwidewnduuuieenashilfalalugail winnee

ildldnuase mauusthilszuudemishsedwanedemns wewnegldlifesquates
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2561
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UM2115
augmented User manual

Discovery kit for LoORaWAN™, Sigfox™, and LPWAN protocols
with STM32L0

Introduction

The B-L072Z-LRWAN1 Discovery kit embeds the CMWX1ZZABZ-091 LoRa®/8igfoxT'“
module (Murata). This Discovery kit allows users to develop easily applications with the
STM32L072CZ and the LoRa®/Sigfox™ RF connectivity in one single module.

The B-L072Z-LRWAN1 Discovery kit has the full set of features available in the STM32L0
Series and offers ultra-low-power and LoRa®/Sigfox™ RF features. The B-L072Z-LRWAN1
Discovery kit is a low-cost and easy-to-use development kit to quickly evaluate and start a
development with an STM32L072CZ microcontroller.

The B-L072Z-LRWAN1 Discovery kit includes LoRa®/Sigfox™ RF interface, LEDs, push-
buttons, antenna, Arduino™ Uno V3 connectors, USB 2.0 FS connector in Micro-B format.
The integrated ST-LINK/V2-1 provides an embedded in-circuit debugger and programmer
for the STM32L0 MCUs.

The LoRaWAN™ stack is certified class A and C compliant. It is available inside the
[-CUBE-LRWAN firmware package.The Sigfox™ stack is RCZ1, RCZ2, and RCZ4 certified.
Itis available inside the X-CUBE-SFOX expansion package.

To help users setting up a complete node (LoRaWAN™ Sigfox™, or both), the
B-LO72Z-LRWAN1 Discovery kit comes with the STM32 comprehensive free software
libraries and examples available with the STM32Cube package, as well as a direct access
to the Arm® Mbed Enabled ™ resources at the http://mbed.org website.

Figure 1. B-L072Z-LRWAN1 LoRa®/Sigfox™ Discovery kit

-------

..........................

Picture is not contractual.
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1 Features

The B-LO72Z-LRWAN1 Discovery kit offers the following features:
e CMWX1ZZABZ-091 LoRa‘E’lSigfox"‘M module (Murata)

~  Embedded ultra-low-power STM32L072CZ Series MCUs, based on Arm® Cortex®
-MO+ core, with 192 Kbytes of Flash memory, 20 Kbytes of RAM, 20 Kbytes of
EEPROM

~  Frequency range: 860 MHz - 930 MHz
- Frequency MHz (min): 860 MHz
- Frequency MHz (max): 930 MHz
- USB20FS
—  4-channel,12-bit ADC, 2xDAC
—  6-bit timers, LP-UART, I12C and SP!
- Embedded SX1276 transceiver
- LoRa®, FSK, GFSK, MSK, GMSK and OOK modulations
(+ Sigfox™ compatibility)
- +14 dBm or +20 dBm selectable output power
- 157 dB maximum link budget
-~ Programmable bit rate up to 300 kbit/s
—  High sensitivity: down to -137 dBm
—  Bullet-proof front end: IIP3 = -12.5 dBm
— 89 dB blocking immunity
—  Low RX current of 10 mA, 200 nA register retention
—  Fully integrated synthesizer with a resolution of 61 Hz
—  Built-in bit synchronizer for clock recovery
—~  Sync word recognition
- Preamble detection
-~ 127 dB+ dynamic range RSSI
* Including 50 ohm SMA RF antenna
e 1 user and reset push-buttons
e  Board connectors:
— USB FS connector
- SMA and UFLRF
 Board expansion connectors:
- Arduino™ Uno V3
e 7LEDs:
4 general-purpose LEDs
5 V-power LED
ST-LINK-communication LED
Fault-power LED
*  Flexible power-supply options: ST-LINK USB Vg ;5 or external sources

I

3
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*  On-board ST-LINK/V2-1 debugger/programmer with USB re-enumeration capability:
mass storage, virtual COM port and debug port

e Comprehensive free software libraries and examples available with the STM32Cube
package

e  Support of a wide choice of Integrated Development Environments (IDES) including
IAR™, Keil®, GCC-based IDEs, Arm® Mbed ™(@

o Am® Mbed Enabled™ compliant

. Product marking

Evaluation tools marked as "ES" or "E" are not yet qualified and are therefore not ready to

be used as reference designs or in production. Any consequences arising from such usage

will not be at ST's charge. In no event will ST be liable for any customer usage of these
engineering sample tools as reference designs or in production.

"E" or "ES" marking examples of location:

*  On the targeted microcontroller that is soldered on the board (for illustration of
microcontroller marking, refer to the section "Package information" of the
microcontroller datasheet at www.st.com).

»  Next to the evaluation tool ordering part number, that is stuck or silkscreen printed on
the board

3 Conventions

J

Table 1 provides the definition of some conventions used in the present document.

Table 1. ON/OFF conventions

Convention Definition
Jumper JPx ON Jumper fitted
Jumper JPx OFF ' Jumper not fitted
Solder bridge SBx ON SBx connections closed by solder
Solder bridge SBx OFF SBx connections left open

a. Amm and Mbed are registered trademarks or trademarks of Arm Limited (or its subsidiaries) in the US and/or

elsewhere.

UM2115 Rev 5 7/38




System requirements UM2115

4 System requirements

e Windows® OS (7, 8 and 10), Linux® 64-bit or macOS®@
e  USB Type-A to Micro-B cable

5 Development toolchains

e Keil® MDK-ARM®

o IAR™ EWARM®)

e  GCC-based IDEs including free SW4STM32 from AC6
e Arm® Mbed Enabled™ online (see http://mbed.org)

6 Demonstration software

The demonstration software, included in the STM32Cube package, is preloaded in the
STM32 Flash memory for easy demonstration of the device peripherals in standalone mode.
The latest versions of the demonstration source code and associated documentation can be
downloaded from the www.st.com/i-cube-lrwan webpage.

7 Ordering and product information

Before installing and using the product, accept the Evaluation Product License Agreement
at the www.st.com/stm32app-discovery webpage.

For more information on the STM32L072 Discovery kit visit the www.st.com/stm32app-
discovery webpage.

To order the B-LO72Z-LRWAN1 Discovery kit refer to Table 2.

Table 2. Ordering information

Order code Target STM32

B-LO72Z-LRWAN1 STM32L072CZ

a. macOS® is a trademark of Apple Inc., registered in the U.S. and other countries.

b. On \Mndows® only.

3
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8 Hardware layout and configuration

The B LO72Z-LRWAN1 Discovery kit has been designed around the Murata
LoRa® /Sigfox™ module including the STM32L072CZ microcontroller in a 49-pin WLCSP

package.

Figure 2 illustrates the connection between the Murata LoRa®iSigfoxT'~’I module and the
peripherals (ST-LINK/V2, RF Antenna, LEDs, push-buttons, USB 2.0 FS Micro-B connector,

3xAAA battery holder).
Figure 3 and Figure 4 help users to locate these features on the STM32L072 Discovery kit.

Figure 2. Hardware block diagram
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Figure 3. B-L072Z-LRWAN1 top layout
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Figure 4. B-L072Z-L RWAN1 bottom layout
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8.1

Figure 5. B-L072Z-L RWAN1 mechanical drawing

B-L072Z-LRWAN1 Discovery kit mechanical drawing
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Plastic spacer height = 14 mm, overall height = 22 mm +/- 1 mm.

2. The overall dimensions of the B-L072Z-LRWAN1 is 106 x 65,07 mm including antenna and USB

connectors.
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UM2115 Hardware layout and configuration
8.2 Embedded ST-LINK/V2-1
The ST-LINK/V2-1 programming and debugging tool is integrated on the B-L072Z-LRWAN1
Discovery kit. Compared to ST-LINK/V2 the changes are listed below.
The new features supported on ST-LINK/\V/2-1 are:
o  USB software re-enumeration
e  Virtual COM port interface on USB
e  Mass storage interface on USB
*  USB power management request for more than 100mA power on USB
These features are no more supported on ST-LINK/V2-1:
e  SWIM interface
e  Application voltage lower than 3 V
For general information concerning the debugging and programming features that are
common to both versions V2 and V2-1, refer to ST-LINK/V2 in-circuit debugger/programmer
for STM8 and STM32 User manual (UM1075).
8.2.1 Drivers
The ST-LINK/V2-1 requires a dedicated USB driver, which, for Windows® 7, 8 and 10 is
available at the www.st.com website.
In case the B-LO72Z-LRWAN1 Discovery kit is connected to the PC before the driver is
installed, some B-L072Z-LRWAN1 interfaces may be declared as "unknown" in the PC
device manager. In this case the user must install the driver files and update the driver of the
connected device from the device manager.
Note: Prefer using the "USB Composite Device" handle for a full recovery:
Figure 6. USB composite device
(USB Compaosite bevice Properties it;:,) @_&:r a2y Device Manager
.GenemlHDrlvorT Detaita [ File  Action ~ View Help
Ly * - | e G B (ET | e
UUSB Compastte Device
4§ Universal Serial Bus controllers
§ Generic USB Hub
Eroperty = B § Generic USB Hub
|Hardwam Ids . "f " v Generic USB Hub
@ Intel(R) 7 Series/C216 Chipset Family USB Enhanced Host Contra
| Mapg T U AL - - ; @ Intel(R) 7 Series/C216 Chipset Family USB Enhanced Host Contro
(LU3B\VID_04834F1D_374BSREV. 0100 J | § Intel(R) USB 30 eXtensible Host Controller
USEVID_04834RI0. 3H4E § Intel(R) USB 3.0 Root Hub
| @ USB Composite Deyica
oy ] US? ?_ﬂasaVStcrrage[) U‘pdau[)riv:rSnftware... |
I |Launches the Uﬁdate Driver Softwai Dus-abte i
A\ Uninstall |
8.2.2 ST-LINK/V2-1 firmware upgrade

)

The ST-LINK/V2-1 embeds a firmware upgrade mechanism for in-situ upgrade through the
USB port. As the firmware may evolve during the life time of the ST-LINK/V2-1 product (for
example new functionalities, bug fixes, support for new microcontrolier families), it is
recommended to visit the www.st.com website before starting to use the B-L072Z-LRWAN1
Discovery kit and periodically, to stay up-to-date with the latest firmware version.
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8.3

Note:

14/38

Power supply

The B-L072Z-LRWAN1 Discovery kit is designed to be powered in various ways. It can be
simply plugged on a USB PC port with a Micro-B USB cable. In this mode, the board is
programmed and debugged via the ST-LINK/V2-1 USB port on CN7. It is possible to use
one of the different following sources:

e External +3.3 V connected to CN13 (+3.3 V and GND pins of CN13 must be
connected).

e 7-12V DC power supply plugged on Arduino™ Uno V3 connectors: VIN on pin 8 and
GND on pin 7 of CN4 (VIN and GND pins must be both connected)

¢ USB 2.0 FS Micro-B on CN11 connector (Device mode). The power supply is provided
by the USB port connected to CN11.

*  On-board 3xAAA-sized battery holder BT1 located on the bottom side of the Discovery
kit (batteries are not delivered inside the Discovery kit package). Respect the battery
polarities mentioned in the battery case.

e 5V_ST_LINK DC power with limitation from ST-LINK USB connector. The USB type
Micro-B connector CN7 of ST-LINK/V2-1. If the USB enumeration succeeds (as
explained below), the ST-LINK 5 V link power is enabled, by asserting the PWR_ENn
signal. This pin is connected to a power switch ST890, which powers the board. This
power switch features also a current limitation to protect the PC in case of a short-
circuit on board (more than 625mA). The Discovery kit can be powered from the ST-
LINK USB connector, but only the ST-LINK circuit has the power before USB
enumeration, because the host PC only provides 100 mA to the board at that time.
During the USB enumeration, the Discovery kit requires 300 mA power from the host
PC. If the host is able to provide the required power, the enumeration finishes by a
"SetConfiguration" command and then, the power transistor ST890 is switched ON, the
red LED LD7 is turned ON, thus the Discovery kit can consume maximum 300 mA
current, but no more. If the host is not able to provide the requested current, the
enumeration fails. Therefore the ST890 remains OFF and the STM32 part including the
extension board is not powered. As a consequence the red LED LD7 remains turned
OFF. In this case it is mandatory to use an external power supply.

To further decrease the current consumption of the board, the LED7 must be disconnected
by opening SB18.
Users do not have to manage the different configurations with jumpers or switches. The

power supplies are internally managed by a set of diodes on the respective power supply
branches.

If the board is supplied by CN13, by battery or by CN11, SB37 must be removed to release
the RESET pin managed by ST-LINK. In that case the ST-LINK is no more powered.

The red LED LD7 (+5 V power supply) is turned on (with SB18 ON) as soon as one of the
power sources listed above is present.

The Discovery kit must be powered by a power supply unit or by an auxiliary equipment
complying with the standard EN-60950-1: 2006+A11/2009, and must be Safety Extra Low
Voltage (SELV) with limited power capability.

3
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8.4

8.5

8.6

3

IDD measurements

The B-LO72Z-LRWAN1 Discovery kit power consumption is measured by mean of three
connectors (not fitted initially) JP1, JP2 and JP3. These three connectors are respectively
connected to the power-supply inputs VDD_RF_LRA, VDD_USB_LRA and
VDD_MCU_LRA of the LoRa®/Sigfox™ module. The purpose is to monitor separately the
different power consumptions by branches which are divided in three sections: RF, USB and
MCU. To be able to insert a multimeter in each branch where the measurements must take
place, users have to remove the associated solder bridge that initially shortcut the JPx
connectors in the default configuration.

The Table 3 below summarizes the possible configurations:

Table 3. IDD measurements and solder-bridge seftings

Jumper name Status IDD Measurement

SB17 ON (default) N/A

SB17 OFF IDD VDD_RF_LRA
SB19 ON (default) N/A

SB19 OFF IDD VDD_USB_LRA
SB14 ON (default) N/A

SB14 OFF IDD VDD_MCU_LRA

JP1VDD_RF_LRA

JP2 VDD_USB_LRA

JP3 VDD_MCU_LRA

Clock sources

The Murata LoRa®/Sigfox“‘ module embeds its own TCXO running at 32 MHz when
enabled.

The TCXO is either controlled by the STM32 pin PA12 (when pin 1 of JP9 is connected to
pin 2 of JPY) or always enabled (when pin 2 of JPS is connected to pin 3 of JP9). For the
description of the jumpers refer to Table 10.

When an accurate external-high-speed clock is needed by the STM32, the TCXO_OUT
clock pin is supplied by the module pin PHO_OSC_IN by closing SB13.

The B-L072Z-LRWAN1 Discovery kit can be equipped, if needed, with an external crystal
oscillator. An 8 MHz oscillator with 20 pF capacitors can be added on the board (X1, C1 and
C2 are not fitted by default) for user needs.

Reset sources

The reset signal of the B-L072Z-LRWAN1 Discovery kit is active low and the reset sources
is one of the following:

e Reset button B2
e  Arduino Uno V3 shield board from CN4

o LoRa®/Sigfox“" module internal reset coming either from STSAFE security IC or
STM32L072CZ (selectable by jumper JP10)

o Embedded ST-LINK/V2-1
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8.7

8.8

8.9

16/38

Antenna and RF connection

The B-LO72Z-LRWAN1 Discovery kit includes a stubby straight 900 MHz 50 ohm antenna
that must be connected to the SMA connector CN10 for any RF communication purpose.
There are two paths designed for RF signal (the blue arrow in the Figure 7), the default path
is connected to the SMA connector output (the red arrow in the Figure 7) and the second
one is U.FL CN9 connector (the green arrow in the Figure 7). Each RF signal path includes
an antenna matching circuitry that can be mounted and adjusted by advanced users.
Initially, the default path connects the LoRa®/Sigfox™ module RF signal to the SMA
connector through 0 Ohm resistors that are fitted at the location of C14 and C15. Notice that
C13 and C14, as shown below in Figure 7, have a common pad on layout from antenna
circuitry. If the users want to connect the U.FL connector instead of the SMA, they need to
redirect the RF signal through C13 and then rotate the component on the expected footprint.

Figure 7. RF signal path and connectors

K/ !
TM) module B-"lﬁ
(w}Le

§°5-CNS

U.FL
connector

SMA
connector

MSv44307V1

Virtual COM port

The serial interface USARTZ2 is directly available as a virtual COM port of the PC, connected
to the ST-LINK/V2-1 USB connector CN7. For configuration details refer to the STM32
LoRa® software expansion for STM32Cube user manual (UM2073) and to the Sigfox™
software expansion for STM32Cube user manual (UM2245).

Buttons and LEDs

The black button B2 located at the top side of the Discovery kit, is the reset of the
microcontroller STM32L072CZ.

q
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8.10

Note:

3

The blue button B1 located at the top side is available to be used as a digital input or as a
wakeup-alternate function. When the button is depressed the logic state is 1, otherwise the
logic state is 0.

By default the user button is connected to PB2, it can also be connected to PAQ as wakeup
source. In this case, SB31 must be removed and SB30 must be fitted.

Seven LEDs located at the top side are available, four of which are general purpose LEDs
for user needs. To light a LED write a high-logic state 1 in the corresponding GPIO register.
Table 4 shows the assignment of the control ports to the LED indicators.

Table 4. Assignment of the control ports

Reference Color Name Comment/function

B1 Blue USER Alternate function wakeup
B2 Black RESET Microcontroller reset

LD1 Green GP User defined

LD2 Green GP User defined

LD3 Blue GP User defined

LD4 Red GP User defined

LD5 Red/Green | ST-LINK COM | Green when communication

LD6 Red Fault power | Current upper than 625mA

LD7 Red 5V Power |5V present

USB FS

The B-L072Z-LRWAN1 board supports USB FS 2.0 communication via a USB Micro-B
connector. Vgyg is powered by another USB host when B-L072Z-LRWAN1 board works as
a USB device.

When the B-L072Z-LRWANT board is powered by an external power supply through USB
FS connector (CN11), in device mode, do not use a PC as power source if the current
consumption is greater than 100 mA, otherwise the PC can be damaged.
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Table 5. Arduino Uno V3 connectors (continued)

Connector Pin Pin name STM32 Pin Function
1 AQ PAO ADC_INO

2 A1 NC or PAO NC or ADC_INO
3 A2 PA4 ADC_IN4

CNB 4 A3 NC or PA4 NC or ADC_IN4
OSC_IN or
5 Ad PH1 or PB9 12C1_SDA

OSC_OUT or
6 A5 PHO or PB8 12C1_SCL
UM2115 Rev 5 19/38
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B-L072Z-LRWAN1 Discovery kit CN2 and CN3 connectors

Table 6. Connector CN2

Connector Pin Pin name STM32 Pin Function
§ TCXO_VCC ) LoRa®ISigfo;;:‘v$odule TCXO
2 VDD_MCU_LRA - MCU section power supply
3 GND - Ground
4 VDD_RF_LRA - MCU section power supply
5 GND - Ground
6 VDD_USB_LRA - MCU section power supply
7 GND - Ground
8 BOOTO BOOTO BOOTO
9 PA13 PA13 SWDIO
10 PA14 PA14 SWCLK
11 SX1276_DIO0 3 LoRa®/Sigfox™module debug pin
12 SX1276_DIO1 2 LoRa®/Sigfox™module debug pin
A 13 SX1276_DI02 - LoRa®fSigfoxTMmodule debug pin
14 SX1276_DIO3 - LoRa®lSigfoxT”module debug pin
15 SX1276_DIO4 - LoRa®lSigfoxT'“‘ module debug pin
16 SX1276_DIO5 \ LoRa®lSigfoxz:nmodule debug
17 GND - Ground
18 MCU_nRST NRST RESET
19 +3.3V - +3.3 V power supply input/output
20 +5V - +5 V power supply input
21 VIN - VIN power supply input (7-12Vdc)
22 GND - Ground
23 PAO PAO ADC_INO
24 PA4 PA4 ADC_IN4
25 PH1 PH1 OSC_OouT
26 PHO PHO OSC_IN

UM2115 Rev 5
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Table 7. Connector CN3

Connector Pin Pin name STM32 Pin Function
| o | e | LoRelSaectmode
I
3 CRF3 PC1 LoRaj;iiig;cg;Mp?:]odule
4 STSAFE_nRST - STSAFE security IC reset pin
5 AVDD VREF+ VREF+
6 GND - Ground
7 PA5 PA5 ADC_IN5
8 PB13 PB13 SPI2_SCK
9 PB14 PB14 SPI2_MISO
10 PB15 PB15 SPI2_MOsI
11 PB6 PB6 LPTIM1_ETR
12 GND - Ground
R 13 PA9 PA9 USART1_TX
14 PA12 PA12 USB_DP
& PA11 PA11 UsSB_DM
16 PB12 PB12 SPI2_NSS
1174 PB2 PB2 LPTIM1_OUT
18 PA8 PA8 MCO
19 PB7 PB7 LPTIM1_IN2
20 PB5 PB5 . LPTIM1_IN1
21 PA10 PA10 USART1_RX
22 PA2 PA2 ADC_IN2
23 PA3 PA3 ADC_IN3
24 PB9 ‘ PB9 12C1_SDA
25 PB8 PB8 12C1_SCL
26 GND - Ground
"_l UM2115 Rev 5 21/38
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9.3 Other connectors
9.3.1 Debug connector SWD
Table 8. Debug connector SWD (CN12)
Connector Pin Pin name Function
1 VDD_TARGET VDD from application
2 SWCLK SWD clock
3 GND Ground
CN12
4 SWDIO SWD data input/output
5 NRST RESET of target MCU
6 SWO Reserved
9.3.2 SWD Interface
Itis very easy to use ST-LINK/V2-1 to program an STM32 microcontroller on an external
application. Simply remove the two jumpers from CN8 and connect the application to the
CN12 debug connector according to Table 8.
9.3.3 External +3.3 V
Table 9. External +3.3 V (CN13)
Connector Pin Pin name Function
813 1 +3.3 V external External +3.3 V power supply input
2 GND Ground
Caution:  When using the external +3.3 V power supply input, SB6 must be OFF.
9.4 Description of the jumpers
Table 10. Description of the jumpers
Pin " 4 Default ;
Jumper " Designation sfate Function
JP1 2 VDD_RF_LRA OFF | Allows IDD VDD_RF_LRA measurement
JP2 2 VDD_USB_LRA OFF |Allows IDD VDD_USB_LRA measurement
JP3 2 VDD_MCU_LRA OFF | Allows IDD VDD_MCU_LRA measurement
JP5 2 USB charger OFF |USB charger
JP7,
P8 2 GND ON  [Ground
JP6 2 ST-LINK TX/RX OFF | ST-LINK TX/RX signals

3
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3

Table 10. Description of the jumpers (continued)

Pin & % Default .
Jumper axficher Designation state Function
JPY 3 TCXO selection 2.3 Selection TCXO to VDD or external TCXO
power
Reset source Reset source selection between STSAFE or
JP10 3 : 1-2
selection PA11

Configuration of the solder bridges

Refer to Figure 8 and Figure 9 to locate the solder bridges.

Table 11. Configuration of the solder bridges

bsr ?J;i; Designation D:tzl;lt Function
SB19 Short VDD_USB_LRA | ON | Short VDD_USB_LRA connection
SB14 Short VDD_MCU_LRA| ON |Short VDD_MCU_LRA connection
SB17 Short VDD_RF_LRA ON | Short VDD_RF_LRA connection
SB20 Short D4 OFF |D4 bypass
SB4 Short D6 OFF | D6 bypass
SB5 Short D7 OFF D? bypass
SB18 +5V LED ON | +5 V power supply ON
596|132 Vreguioroupu| o |Uestio daconet il 93 Y egelr wher
gggg:%%“z% ST-LINK default ON |Reserved
SB39,
SB41, ST-LINK reserved OFF |Reserved
SB23, SB25
9957 || STUNKRESET | on | Cormeton btuser STUINK estsignl
SB6 | STUNKMCO) | OFF | mocuinput ook OSC_IN
SB6 ST-LINK +5 V power ON | Optional ST-LINK regulator disconnected from +5 V
SB21 ST-LINK force RESET | OFF |Reserved
SB26 PA5 to DIO4 OFF |Reserved to LoRa®/Sigfox™ module debug
SB27 PA4 to DIO5 OFF |Reserved to LoRa®/Sigfox™ module debug
SB28 ST-LINK TX ON | Virtual COM port TX
SB29 ST-LINK RX ON | Virtual COM port RX
SB15 LRA_USB_DP OFF | Optional USB_DP connection
SB16 LRA_USB_DM OFF | Optional USB_DM connection

UM2115 Rev 5
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Table 11. Configuration of the solder bridges (continued)

ti ?‘;g:; Designation D:;"t:" Function

SB13 TCXO_OUT to OFF Allows connection of TXCO_output to
OSC_IN STM32L072CZY6 OSC_IN input

SB31 USER button PB2 ON | User push-button connected to PB2
SB30 USER button PAD OFF | User push-button connected to PAO
SB32 LED LD1 ON |(LD1ON
SB33 LED LD3 ON |LD3 ON
SB35 LED LD4 ON |LD4 ON
SB34 LED LD2 ON |LD2ON
SB10 PH1 Arduino OFF | Connection A5(CN6) Arduino to PH1
SB3 PA5 Arduino ON | Connection D13(CN1) Arduino to PA5
SB9 PB13 Arduino ON | Connection D3(CN5) Arduino to PB13
SB2 PB13 Arduino OFF | Connection D13(CN5) Arduino to PB13
SB7 PAQ alias Arduino OFF | Connection A1(CN6) Arduino to PAO
SB8 PA4 alias Arduino OFF | Connection A3(CN6) Arduino to PA4
SB11 PB9 Arduino OFF | Connection A4(CN6) Arduino to PB9
SB12 PB8 Arduino OFF | Connection A54(CN6) Arduino to PB8
SB1 PHO Arduino OFF | Connection A4(CN8) Arduino to PHO

UM2115 Rev 5
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Figure 8. B-L072Z-LRWAN1: location of the solder bridges (top view)
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Figure 9. B-L072Z-LRWAN1: location of the solder bridges (bottom view)
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10 B-L072Z-LRWAN1 Discovery kit information
10.1 Identification
The sticker located on the bottom side of the PCB board shows the information about
the B-L072Z-LRWAN1 Discovery kit identification such as board reference, revision and
serial number. The format of the identification is the following:
e MBxxxx p-bb:
the board reference is MB1296, “p" corresponds to the PCB revision and “bb” to the
BOM revision: for example A-01.
*  yywwnnnnn:
"yy" are the two last digits of the manufacturing year, "ww" identifies the manufacturing
week and "nnnnn" is the board serial number.
10.2 Board revision history
Revision C-01
The revision C-01 of the B-L072Z-LRWAN1 Discovery kit is the initial released version.
Revision D-01
The revision D-01 of the B-L072Z-LRWAN1 Discovery removes the limitations of the
revision C-01.
Revision D-03
The revision D-03 of the B-L072Z-LRWAN1 Discovery changes the value of capacitor C24
from 100 nF to 20 pF. The component had a wrong value in previous revisions. Additionally,
this C24 capacitor is now set to "Not fitted".
10.3 Known limitations

3

Revision C-01

The power current consumption on VDD_MCU_LRA and on VDD_USB_LRA cannot be
measured as independent branches.To measure the total power consumption including the
MCU LRA and the USB LRA currents, both SB14 and SB19 must be removed. A multimeter
can be placed indifferently where JP2 or JP3 connectors are located. No workaround is

available.

Revision D-01

AllVDD_MCU_LRA, VDD_USB_LRA, VDD_RF_LRA branches can be measured
separately.

Revision D-03

The value of capacitor C24 has been changed in order to allow the correct operation of
MCO. This capacitor is not fitted by default but can be mounted later.

UM2115 Rev 5 27/38
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Appendix A Schematic diagrams
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This section provides design schematics for the B-L072Z-LRWAN1 Discovery kit features:

Top view of the Discovery kit, see Figure 10

Internal/External Power Supply section, see Figure 11

Embedded ST-LINKNV2-1, see Figure 12

LoRa®/Sigfox™ module connections, see Figure 13

USB 2.0 FS antenna and miscellaneous features, see Figure 14
Arduino Uno V3 extension connectors and headers, see Figure 15

3
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UM2115Federal Communications Commission (FCC), Industry Canada (IC) Compliance and other

Appendix B Federal Communications Commission (FCC),

B.1

B.1.1

B.2

B.2.1

3

Industry Canada (IC) Compliance and other
Certifications

FCC Compliance Statement

ANSI C63.4 (2014) American National Standard for Methods of
Measurement of Radio-Noise Emissions from Low-Voltage Electrical
and Electronic Equipment in the Range of 9 kHz to 40 GHz

e FCC CFR 47, PART 15, Subpart B

* Industry Canada ICES-003 (Information Technology Equipment (ITE)) — Limits and
methods of measurement. Issue 6 (2016)

e FCC Part 15 compliance statement

This device complies with part 15 of the FCC Rules. Operation is subject to the following two
conditions: (1) This device may not cause harmful interference, and (2) this device must
accept any interference received, including interference that may cause undesired
operation. This equipment has been tested and found to comply with the limits for a Class B
digital device, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses, radiates radio frequency energy and, if not installed and used in
accordance with the instruction, may cause harmful interference to radio communications.
However, there is no guarantee that interference will not occur in a particular installation. If
this equipment does cause harmful interference to radio or television reception which can
be determined by turning the equipment off and on, the user is encouraged to try to correct
interference by one or more of the following measures:

e Reorient or relocate the receiving antenna.
* Increase the separation between the equipment and receiver.

»  Connect the equipment into an outlet on circuit different from that to which the receiver
is connected.

*  Consult the dealer or an experienced radio/TV technician for help.

IC Compliance Statement

Industry Canada Licence-Exempt Radio Apparatus

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is
subject to the following two conditions: (1) this device may not cause interference, and (2)
this device must accept any interference, including interference that may cause undesired
operation of the device.

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils
radio exempts de licence.

L'exploitation est autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas
produire de brouillage, et (2) I'utilisateur de I'appareil doit accepter tout brouillage
radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le
fonctionnement.
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B.2.2

B.3

B.3.1

B.3.2

B.3.3

B.3.4
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Radio Frequency (RF) Exposure Compliance of
Radiocommunication Apparatus

To satisfy FCC and IC RF Exposure requirements for mobile devices, a separation distance
of 20 cm or more should be maintained between the antenna of this device and persons
during operation. To ensure compliance, operation at closer than this distance is not
recommended. This transmitter must not be co-located or operating in conjunction with any
other antenna or transmitter.

Pour satisfaire aux exigences FCC et IC concernant I'exposition aux champs RF pour les
appareils mobiles, une distance de séparation de 20 cm ou plus doit &tre maintenue entre
l'antenne de ce dispositif et les personnes pendant le fonctionnement. Pour assurer la
conformité, il est déconseillé d'utiliser cet équipement & une distance inférieure. Cet
émetteur ne doit pas étre co-situé ou fonctionner conjointement avec une autre antenne ou
un autre émetteur.

Measures and tests performed on the sample of the product B-L072Z-LRWAN1, show
compliance with standards FCC CFR 47, PART 15, Subpart B and ICES-003.

Other certifications

EN 55032 (2012) / EN 55024 (2010) ETSI EN 301 489-1 (v1.9.2) /
ETSI EN 301 489-3 (v1.6.1) EN 60950-1
(2006+A11/2009+A1/2010+A12/2011+A2/2013) CFR 47,

FCC Part 15,Subpart B (Class B Digital Device) and

Industry Canada ICES-003 (Issue 6/2016)

The sample examined is in conformance with the requirements of above standards.
Note: The sample examined shall be powered by a power supply unit or auxiliary equipment
complying with standard:

EN 60950-1: 2006+A11/2009+A1/2010+A12/2011+A2/2013, and shall be Safety Extra Low
Voltage (SELV) with limited power capability.

Electrical Safety qualification for CE marking: EN 60950-1
(2006+A11/2009+A1/2010+A12/2011+A2/2013) IEC 60650-1
(2005+A1/2009+A2/2013)

The appliance complies with requirements of above mentioned standards.

EMC qualification accordingly to standard CFR 47, FCC Part 15,
Subpart B & Industry Canada ICES-003 (Issue 6/2016)
Class B Digital Device

The appliance complies with requirements of above mentioned standards.

CE qualification according to standards:

ETSI EN 300 220-1 V2.4.1 (2012) / V3.1.1 (2017) ETSI EN
300 220-2 V2.4.1 (2012) / V3.1.1 (2017) RF Module already
certified — Partial test only

The appliance complies with requirements of above mentioned standards.

3

UM2115 Rev §




UM2115

Revision history

Revision history

3

Table 12. Document revision history

Date

Revision

Changes

14-Feb-2017

1

Initial version.

26-Sep-2017

Added Section Appendix A: Schematic diagrams.

Updated Section 10.2: Board revision history and Section 10.3:
Known limitations.

Updated Section Appendix A: Schematic diagrams with Rev. D
board schematics.

16-Jan-2018

Updated Section 10.2: Board revision history, Section 10.3:
Known limitations and Appendix A: Schematic diagrams with
revision D-03. Updated Section 10.3: Known limitations for
revision D-01.

31-Jan-2018

Extended the document scope to Sigfox™:

— Updated Introduction and Figure 1

— Updated Chapter 1: Features

— Updated Section 8.8: Virtual COM port

— Replaced ‘LoRa® module’ occurrences with ‘LoRa®fSigfoxTM
module’

29-Jun-2018

Updated Chapter 1: Features with frequency range.
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IMPORTANT NOTICE ~ PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST") reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2018 STMicroelectronics — All rights reserved
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About This Document

This document provides the specifications for the ESP32-WROOM-32 module.

Revision History

For revision history of this document, please refer to the last page.

Documentation Change Notification

Espressif provides email notifications to keep customers updated on changes to technical documentation. Please
subscribe at www.espressif.com/en/subscribe.

Certification

Download certificates for Espressif products from www.espressif.com/en/certificates.

Disclaimer and Copyright Notice

Information in this document, including URL references, is subject to change without notice. THIS DOCUMENT IS
PROVIDED AS IS WITH NO WARRANTIES WHATSOEVER, INCLUDING ANY WARRANTY OF MERCHANTABIL-
ITY, NON-INFRINGEMENT, FITNESS FOR ANY PARTICULAR PURPOSE, OR ANY WARRANTY OTHERWISE
ARISING OUT OF ANY PROPQOSAL, SPECIFICATION OR SAMPLE.

Al liability, including liability for infringement of any proprietary rights, relating to use of information in this docu-
ment is disclaimed. No licenses express or implied, by estoppel or otherwise, to any intellectual property rights
are granted herein. The Wi-Fi Aliance Member logo is a trademark of the Wi-Fi Alliance. The Bluetooth logo is a
registered trademark of Bluetooth SIG.

Alltrade names, trademarks and registered trademarks mentioned in this document are property of their respective
owners, and are hereby acknowledged.
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1. Overview

1. Overview

ESP32-WROOM-32 is a powerful, generic Wi-Fi+BT+BLE MCU module that targets a wide variety of applications,
ranging from low-power sensor networks to the most demanding tasks, such as voice encoding, music streaming
and MP3 decoding.

At the core of this module is the ESP32-DOWDQ6 chip*. The chip embedded is designed to be scalable and
adaptive. There are two CPU cores that can be individually controlled, and the CPU clock frequency is adjustable
from 80 MHz to 240 MHz. The user may also power off the CPU and make use of the low-power co-processor to
constantly monitor the peripherals for changes or crossing of thresholds. ESP32 integrates a rich set of peripherals,
ranging from capacitive touch sensors, Hall sensors, SD card interface, Ethernet, high-speed SPI, UART, I12S and
12C.

Note:
* For details on the part numbers of the ESP32 family of chips, please refer to the document £5P32 Datasheet.

The integration of Bluetooth, Bluetooth LE and Wi-Fi ensures that a wide range of applications can be targeted,
and that the module is all-around: using Wi-Fi allows a large physical range and direct connection to the Internet
through a Wi-Fi router, while using Bluetooth allows the user to conveniently connect to the phone or broadcast
low energy beacons for its detection. The sleep current of the ESP32 chip is less than 5 uA, making it suitable
for battery powered and wearable electronics applications. The module supports a data rate of up to 150 Mbps,
and 20 dBm output power at the antenna to ensure the widest physical range. As such the module does offer
industry-leading specifications and the best performance for electronic integration, range, power consumption,
and connectivity.

The operating system chosen for ESP32 is freeRTOS with LwiP; TLS 1.2 with hardware acceleration is built in as
well. Secure (encrypted) over the air (OTA) upgrade is also supported, so that users can upgrade their products
even after their release, at minimum cost and effort.

Table 1 provides the specifications of ESP32-WROOM-32.

Table 1: ESP32-WROOM-32 Specifications

Categories Items Specifications
RF certification FCC/CE-RED/IC/TELEC/KCC/SRRC/NCC
Gaiiistian Wi-Fi certification Wi-Fi Alliance
Bluetooth certification BQB
Green certification RoHS/REACH
Test Reliablity HTOL/HTSL/UHAST/TCT/ESD
802.11 b/g/n (802.11n up to 150 Mbps)
Wi-Fi Protocols A-MPDU and A-MSDU aggregation and 0.4 us guard interval
support
Frequency range 2.4 GHz ~ 2.5 GHz
Protocols Bluetooth v4.2 BR/EDR and BLE specification
NZIF receiver with —97 dBm sensitivity
Bluetooth Radio Class-1, class-2 and class-3 transmitter
AFH
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1. Overview

Categories ltems Specifications
Audio CVSD and SBC
, SD card, UART, SPI, SDIO, I*C, LED PWM, Motor PWM, I2S,
Module interfaces .
IR, pulse counter, GPIO, capacitive touch sensor, ADC, DAC
On-chip sensor Hall sensor
Integrated crystal 40 MHz crystal
Integrated SPI flash 4 MB
Hardware Operating voltage/Power supply | 2.7V ~3.6V

Operating current

Average: 80 mA

Minimum current delivered by
power supply

500 mA

Recommended operating tem-
perature range

-40°C ~ +85 °C

Package size

(18.00+0.10) mm x (25.50+0.10) mm x (3.10+£0.10) mm

Espressif Systems
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2. Pin Definitions

2. Pin Definitions
2.1 Pin Layout

Keepout Zone

1 ﬂ GND GND E 38
2 il avs 1023 |( a7
3 ﬂ EN 1022 E 36
4 zl SENSOR_VP ™o | 35
5 SENSOR_WN RXDO [ 34
6 %\ 1034 S 1021 E 33
7 il 1035 NG |( 32
8 ﬂ 1032 1019 E 31
9 i] 1033 1018 |{ 30
10 zl 1025 105 E 29
1 Pl 1026 lo17 E 28
12 ﬂ 1027 1016 E 27
18 i] 1014 104 |( 26

[~ A1 TAT TA] Pl [A1 Al [ [~ A1

& @y N ASboaoy Sty ¢

Figure 1: ESP32-WROOM-32 Pin Layout (Top View)

2.2 Pin Description
ESP32-WROOM-32 has 38 pins. See pin definitions in Table 2.

Table 2: Pin Definitions

Name No. Type Function

GND 1 = Ground

3V3 2 P Power supply

EN 3 I Module-enable signal. Active high.

SENSOR_VP | 4 I GPIO36, ADC1_CHO, RTC_GPIOO

SENSOR_VN | 5 I GPIO39, ADC1_CH3, RTC_GPIO3

1034 6 | GPIO34, ADC1_CHS6, RTC_GPIO4

1035 7 | GPIO35, ADC1_CH7, RTC_GPIO5

1032 g Vo GPIO32, XTAL_32K_P (32.768 kHz crystal oscillator input), ADC1_CH4,
TOUCH9, RTC_GPIO9

1033 9 /O GPIO33, XTAL_32K_N (32.768 kHz crystal oscillator output), ADC1_CHS5,
TOUCHS, RTC_GPIO8

Espressif Systems 3 ESP32-WROOM-32 Datasheet V2.8



2. Pin Definitions

Name No. Type Function

1025 10 /O GPI025, DAC_1, ADC2_CHB8, RTC_GPIO8, EMAC_RXD0

1026 11 I/0 GPI026, DAC_2, ADC2_CH9, RTC_GPIO7, EMAC_RXD1

1027 12 170 GPI027, ADC2_CH7, TOUCH7, RTC_GPIO17, EMAC_RX_DV

014 i5 Vo GPIO14, ADC2_CHB, TOUCHSB, RTC_GPIO16, MTMS, HSPICLK, HS2_CLK,
SD_CLK, EMAC_TXD2

1012 14 /O GPIO12, ADG2_CHS5, TOUCHS, RTG_GPIO15, MTDI, HSPIQ, HS2_DATAZ2,
SD_DATA2, EMAC_TXD3

GND 15 F Ground

093 - Vo GPIO13, ADC2_CH4, TOUCH4, RTC_GPIO14, MTCK, HSPID, HS2_DATAS,
SD_DATA3, EMAC_RX_ER

SHD/SD2* 17 1’0 GPIO8, SD_DATA2, SPIHD, HS1_DATA2, UTRXD

SWP/SD3* 18 I/O GPIO10, SD_DATAS3, SPIWP, HS1_DATA3, U1TXD

SCS/CMD* 19 I/0 GPIO11, SD_CMD, SPICS0, HS1_CMD, U1RTS

SCK/CLK* 20 170 GPIO8, SD_CLK, SPICLK, HS1_CLK, U1CTS

SDO/SDo* 21 /e] GPIO7, SD_DATAOQ, SPIQ, HS1_DATAO, U2RTS

SDI/SD1* 22 IO GPIO8, SD_DATA1, SPID, HS1_DATA1, U2CTS

015 o8 VO GPIO15, ADC2_CH3, TOUCH3, MTDO, HSPICSO, RTC_GPIO13, HS2_CMD,
SD_CMD, EMAC_RXD3

02 b4 e GPIO2, ADC2_CH2, TOUCHZ2, RTC_GPIO12, HSPIWP, HS2_DATAQ,
SD_DATAO

100 25 110 GPIOO, ADC2_CH1, TOUCHT1, RTC_GPIO11, CLK_OUT1, EMAC_TX_CLK

04 & VO GPI04, ADC2_CHO, TOUCHO, RTC_GPIO10, HSPIHD, HS2_DATA1,
SD_DATA1, EMAC_TX_ER

1016 27 17O GPIO16, HS1_DATA4, U2RXD, EMAC_CLK_OUT

1017 28 110 GPIO17, HS1_DATAS5, U2TXD, EMAC_CLK_OUT_180

105 29 /O GPIOS5, VSPICS0, HS1_DATA6, EMAC_RX_CLK

1018 30 I/O GPIO18, VSPICLK, HS1_DATA7

1019 31 170 GPIO19, VSPIQ, UOCTS, EMAGC_TXDO

NC 32 - -

1021 33 V(@] GPIO21, VSPIHD, EMAC_TX_EN

RXDO 34 /0 GPIO3, UORXD, CLK_OUT2

TXDO 35 I/O GPIO1, UOTXD, CLK_QUT3, EMAC_RXD2

1022 36 e} GPIO22, VSPIWP, UORTS, EMAC_TXD1

1023 37 170 GPIO23, VSPID, HS1_STROBE

GND 38 P Ground

Notice:

* Pins SCK/CLK, SDO/SDO, SDI/SD1, SHD/SD2, SWP/SD3 and SCS/CMD, namely, GPIO6 to GPIO11 are connected
to the integrated SPI flash integrated on the module and are not recommended for other uses.

2.3 Strapping Pins

ESP32 has five strapping pins, which can be seen in Chapter 6 Schematics:
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2. Pin Definftions

= MTDI
e GPIOO
e GPIO2
e MTDO
GPIOS

Software can read the values of these five bits from register "GPIO_STRAPPING".

During the chip’s system reset release (power-on-reset, RTC watchdog reset and brownout reset), the latches
of the strapping pins sample the voltage level as strapping bits of "0” or "1”, and hold these bits until the chip
is powered down or shut down. The strapping bits configure the device’s boot mode, the operating voltage of

VDD_SDIO and other initial system settings.

Each strapping pin is connected to its internal pull-up/pull-down during the chip reset. Consequently, if a strapping
pin is unconnected or the connected external circuit is high-impedance, the internal weak pull-up/pull-down will
determine the default input level of the strapping pins.

To change the strapping bit values, users can apply the external pull-down/pull-up resistances, or use the host
MCU’s GPIOs to control the voltage level of these pins when powering on ESP32.

After reset release, the strapping pins work as normal-function pins.

Refer to Table 3 for a detailed boot-mode configuration by strapping pins.

Table 3: Strapping Pins

Voltage of internal LDO (VDD_SDIO)
Pin Default 3.3V 1.8V
MTDI Pull-down 0 1
Booting Mode
Pin Default SPI Boot Download Boot
GPIO0 | Pull-up 1 0
GPIO2 | Pull-down Don’t-care 0
Enabling/Disabling Debugging Log Print over UOTXD During Booting
Pin Default UOTXD Active UOTXD Silent
MTDO | Pull-up 1 0
Timing of SDIO Slave
Pin Dl Falling-edge Sampling | Falling-edge Sampling | Rising-edge Sampling | Rising-edge Sampling
Falling-edge Output Rising-edge Output Falling-edge Output Rising-edge Output
MTDO | Pull-up 0 0 1 1
GPIO5 | Pull-up 0 1 0 1
Note:
= Firmware can configure register bits to change the settings of "Voltage of Internal LDO (VDD_SDIO)" and "Timing
of SDIO Slave” after booting.
* The module integrates a 3.3 V SPI flash, so the pin MTDI cannot be set to 1 when the module is powered up.

Espressif Systems
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3. Functional Description

3. Functional Description

This chapter describes the modules and functions integrated in ESP32-WROOM-32.

3.1 CPU and Internal Memory
ESP32-DOWDQ6 contains two low-power Xtensa® 32-bit LX6 microprocessors. The internal memory includes:
e 448 KB of ROM for booting and core functions.

e 520 KB of on-chip SRAM for data and instructions.

8 KB of SRAM in RTC, which is called RTC FAST Memory and can be used for data storage; it is accessed
by the main CPU during RTC Boot from the Deep-sleep mode.

8 KB of SRAM in RTC, which is called RTC SLOW Memory and can be accessed by the co-processor during
the Deep-sleep mode.

1 Kbit of eFuse: 256 bits are used for the system (MAC address and chip configuration) and the remaining
768 bits are reserved for customer applications, including flash-encryption and chip-ID.

3.2 External Flash and SRAM

ESP32 supports multiple external QSPI flash and SRAM chips. More details can be found in Chapter SPI in the
ESP32 Technical Reference Manual. ESP32 also supports hardware encryption/decryption based on AES to pro-
tect developers’ programs and data in flash.

ESP32 can access the external QSPI flash and SRAM through high-speed caches.

e The external flash can be mapped into CPU instruction memory space and read-only memory space simul-
taneously.

— When external flash is mapped into CPU instruction memory space, up to 11 MB + 248 KB can be
mapped at a time. Note that if more than 3 MB + 248 KB are mapped, cache performance will be
reduced due to speculative reads by the CPU.

- When external flash is mapped into read-only data memory space, up to 4 MB can be mapped at a
time. 8-bit, 16-bit and 32-bit reads are supported.

* External SRAM can be mapped into CPU data memory space. Up to 4 MB can be mapped at a time. 8-bit,
16-bit and 32-bit reads and writes are supported.

ESP32-WROOM-32 integrates a 4 MB SPI flash, which is connected to GPIO6, GPIO7, GPIO8, GPIOg9, GPIO10
and GPIO11. These six pins cannot be used as regular GPIOs.

3.3 Crystal Oscillators

The module uses a 40-MHz crystal oscillator.
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3. Functional Description

3.4 RTC and Low-Power Management
With the use of advanced power-management technologies, ESP32 can switch between different power modes.

For details on ESP32’s power consumption in different power modes, please refer to section "RTC and Low-Power
Management” in ESP32 Datasheet.
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4, Penipherals and Sensors

4. Peripherals and Sensors

Please refer to Section Peripherals and Sensors in £SP32 Datasheet.

Note:
External connections can be made to any GPIO except for GPIOs in the range 6-11. These six GPIOs are connected to
the module’s integrated SPI flash. For details, please see Section 6 Schematics.
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5. Electrical Characteristics

5. Electrical Characteristics

5.1 Absolute Maximum Ratings

Stresses beyond the absolute maximum ratings listed in Table 4 below may cause permanent damage to the
device. These are stress ratings only, and do not refer to the functional operation of the device that should follow

the recommended operating conditions.

Table 4: Absolute Maximum Ratings

Symbol Parameter Min Max Unit
VDD33 Power supply voltage -0.3 3.6 Vv
—— Cumulative 10 output current - 1,100 mA
Tateia Storage temperature —-40 150 °C

1. The module worked properly after a 24-hour test in ambient temperature at 25 °C, and the IOs in three domains
(VDD3P3_RTC, VDD3P3_CPU, VDD_SDIO) output high logic level to ground. Please note that pins occupied by flash

and/or PSRAM in the VDD_SDIO power domain were excluded from the test.
2. Please see Appendix I0_MUX of ESP32 Daiasheet for IO’s power domain.

5.2 Recommended Operating Conditions

Table 5: Recommended Operating Conditions

Symbol Parameter Min Typical Max Unit
VDD33 Power supply voltage 2.7 3.8 3.6 \
lvbp Current delivered by external power supply 0.5 - - A
il Operating temperature -40 > 85 °C
5.3 DC Characteristics (3.3 V, 25 °C)
Table 6: DC Characteristics (3.3 V, 25 °C)
Symbol Parameter Min Typ | Max Unit
Crn Pin capacitance - 2 - pF
Vig High-level input voltage 0.76xVDD!| - VDD'+0.3 | V
Vir, Low-level input voltage -0.3 - 0.25xVDD!| V
1 High-level input current - - 50 nA
Iz Low-level input current - - 50 nA
Vou High-level output voltage 0.8xVDD! | - - Vv
Vor Low-level output voltage . - 0.1xVDD! | V
High-level source current VDD3P3_CPU power domain *» 2 | - 40 | - mA
(VDD = 3.3V, Voy >=2.64V, | VDD3P3_RTC power domain !+ 2 | - 40 | - mA
lon output drive strength set to the
. VDD_SDIO power domain *: 3 - 20 | - mA
maximum)

Espressif Systems 9
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8. Electrical Characteristics

Symbol Parameter Min Typ | Max Unit
Low-level sink current

lor (VDD! = 3.3V, Vo, =0.495 V, - 28 | - mA
output drive strength set to the maximum)

Rpy Resistance of internal pull-up resistor - 45 | - kQ

Rep Resistance of internal pull-down resistor - 45 | - kQ

Vir_nrsr | Low-level input voltage of CHIP_PU to power off the chip - - 0.6 \Y%

Notes:

1. Please see Appendix IO_MUX of £SP32 Datasheet for I0’s power domain. VDD is the /O voltage for a particular power

domain of pins.

2. For VDD3P3_CPU and VDD3P3_RTC power domain, per-pin current sourced in the same domain is gradually reduced

from around 40 mA to around 29 mA, Vor>=2.64 V, as the number of current-source pins increases.

3. Pins occupied by flash and/or PSRAM in the VDD_SDIO power domain were excluded from the test.

5.4 Wi-Fi Radio

Table 7: Wi-Fi Radio Characteristics

Parameter Condition Min Typical Max Unit
Input frequency - 2412 - 2484 MHz
Output impedance* - = 3 v Q
TX power 11n, MCS7 12 13 14 dBm
11b mode AAS 18.5 20 dBm
Sensitivity 11b, 1 Mops 18 98 ” dBm
11b, 11 Mbps - -89 - dBm
11g, 6 Mbps - -92 - dBm
11g, 54 Mbps 2 —74 = dBm
11n, HT20, MCS0O - -91 - dBm
11n, HT20, MCS7 = —71 - dBm
11n, HT40, MCSO f -89 ¢ dBm
11n, HT40, MCS7 - -89 - dBm
Adjacent channel rejection 11g, 6 Mbps - 31 - dB
11g, 54 Mbps - 14 - dB
11n, HT20, MCS0 = 31 - dB
11n, HT20, MCS7 - 13 - dB

*For the modules that use IPEX antennas, the output impedance is 50 . For other modules without IPEX antennas, users do

not need to concern about the output impedance.

Espressif Systems
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5. Electrical Characteristics

5.5 BLE Radio
5.5.1 Receiver

Table 8: Receiver Characteristics — BLE

Parameter Conditions Min Typ Max Unit
Sensitivity @30.8% PER - - -97 - dBm
Maximum received signal @30.8% PER - 0 - - dBm
Co-channel C/I - - +10 - dB
F=FO+1MHz - -5 - dB
F=F0-1MHz - -5 - dB
. . F=FO0+ 2 MHz - -25 - dB
Adjacent channel selectivity C/I
F=F0-2MHz - -35 - dB
F=F0+ 3MHz - —25 - dB
F=F0-3MHz - —45 - dB
30 MHz ~ 2000 MHz -10 - - dBm
) 2000 MHz ~ 2400 MHz | -27 - - dBm
Qut-of-band blocking performance
2500 MHz ~ 3000 MHz | 27 - - dBm
3000 MHz ~ 12.5 GHz | —-10 - - dBm

Intermodulation | - -36 - - dBm

5.5.2 Transmitter

Table 9: Transmitter Characteristics — BLE

Parameter Conditions Min Typ Max Unit
RF transmit power - z 0 = dBm
Gain control step - - 3 - dBm
RF power control range - =12 |- +9 dBm
F=F0+2MHz > 52 - dBm
Adjacent channel transmit power F=F0+3MHz - -58 - dBm
F=F0+>3MHz - —60 - dBm
A fla\/g - - = 265 kHz
A f2max - 247 - - kHz
A f2avg/A flavg - - -0.92 - -
ICFT - - -10 - kHz
Drift rate - = 0.7 - kHz/50 us
Drift : ' - 2 - kHz

Espressif Systems 11 ESP32-WROOM-32 Datasheet V2.8



5. Electrical Characteristics

5.6 Reflow Profile
o
g
2
LN
@
o
g I I I 1 1
= 1 1 I 1 1
: Il ll : Peak Temp. :
l I 1 i 235 ~ 250°C 1
250 —| s : : ——————
: Preheating|zone : : P /’/Reflow zone | Cooling zone
! 150~200°C '60 ~120s ! A 5217°C 60-~90s ! -1 ~-5°C/s
217 1 1 1 1 1
200 ; ; e ; ;
! s R ! : Soldering time |
I i I 1 > 30s 1
I 1 1 ] I
I I 1 ] 1
I I 1 I 1
Ramp-up zone : Il : Il :
1-3Cls i [ [ !
] I ] I 1
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0 -
0 50 100 150 200 250
Ramp-up zone — Temp.: <150°C Time: 60 ~ 890s Ramp-up rate; 1 ~ 3°C/s
Preheating zone — Temp.: 150 ~ 200°C Time: 60 ~ 120s Ramp-up rate: 0.3 ~ 0.8°C/s
Reflow zone — Temp.: >217°C Time: B0 ~ 90s; Peak Temp.: 235 ~ 250°C (<245°C recommended) Time: 30 ~ 70s
Cooling zone — Peak Temp. ~ 180°C Ramp-down rate: -1 ~ -5°C/s
Solder — Sn&Ag&Cu Lead-free solder (SAC305)

Figure 2: Reflow Profile
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7. Peripheral Schematics

7. Peripheral Schematics

VDD33VDD33
o
C1| [10uF
c2 n.mF+ “"GND
GND UART DOWNLOAD
R1 GND U1 =
10K X h P GND gg 1
|_—~2 GND1 GND3 [57 1023 §
oND | c3_|[0.1uF_JEN 3 E\r? :8%3 36 1022
! NSO V2| SENSOR_VP X00 |3 — “!-GND
R 5 SENSOR_WN RXDO |53 oz
035 5 1034 102 [P gr——
032 5 | 1035 NC 737 1019
1032 1019
1033 9 30 018
1025 70| 1033 1018 39 05
1026 1| 1025 105 58 017
1027 2 | 1026 10171557 016
5 1027 1016 (55 o
T4 1014 104 <555 |
1012 100 i[1-aND
o™
QPnmBvag= ]
5083535520 5
2le-2 2 RININRN BOOT OPTION
vz GNDJL_
1 R2 A00R_MTMS =
o @) Mﬂﬁ MTD! ufafhklol=] o
MTDI 35 OR__MTCK 151 [ (1 8] 1 ]
MTCK Mﬁ MTDO
MTDO
JTAG
MTDI should be kept at a low electric level when powering up the module.
Figure 4: ESP32-WROOM-32 Peripheral Schematics
Note:
Soldering Pad 39 to the Ground of the base board is not necessary for a satisfactory thermal performance. If users do
want to solder it, they need to ensure that the correct quantity of soldering paste is applied.

Discharge Circuit CAP Added By User
VCC .-..'.llo..l.....ﬂ... geesesnssnnen,
LB L]
T : L L]
& o2 sw1; D1 il : | oBvonds
. . .
L4 i .
: ‘. Buk CAP : | ESP Module
. . e :
- L L]
. R1 RZ: “csojescssscnd
s < 100K 1K e OGND
" L]
..l LA RN N NN NN NN] l.l:
GND GND GND

Figure 5: Discharge Circuit for VDD33 Rail

Note:

The discharge circuit can be applied in scenarios where ESP32 is powered on and off repeatedly by switching the
power rails, and there is a large capacitor on the VDD33 rail. For details, please refer to Section Power Scheme in
ESP32 Datasheet.
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7. Peripheral Schematics

U1

GND 1—“I-GND

2 CHIP_PU

OR 3

RU_ i vee

VBAT O

RESET#
Power Supply Supervisor R2

100K

GND

Figure 6: Reset Circuit

Note:
When battery is used as the power supply for ESP32 series of chips and modules, a supply voltage supervisor is recom-
mended to avoid boot failure due to low voltage. Users are recommended to pull CHIP_PU low if the power supply for

ESP32 is below 2.3 V.
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Physical Dimensions

ESP32-WROOM-32 DIMENSIONS

Unit: mm
Module Width 18.00£0.10
18.000.10~ . — 3102010
Module Thickness
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Top View Side View Bottom View

Figure 7: Physical Dimensions of ESP32-WROOM-32
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9. Recommended PCB Land Fattern

9. Recommended PCB Land Pattern
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Figure 8: Recommended PCB Land Pattern
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10. Leaming Resources

10. Learning Resources

10.1 Must-Read Documents
The following link provides documents related to ESP32.

e ESP32 Datasheet
This document provides an introduction to the specifications of the ESP32 hardware, including overview, pin
definitions, functional description, peripheral interface, electrical characteristics, etc.

& ESP-IDF Programming Guide
It hosts extensive documentation for ESP-IDF ranging from hardware guides to AP reference.

e FSP32 Technical Reference Manual
The manual provides detailed information on how to use the ESP32 memory and peripherals.

e ESP32 Hardware Resources
The zip files include the schematics, PCB layout, Gerber and BOM list of ESP32 modules and development
boards.

e [SP32 Hardware Design Guidelines
The guidelines outline recommended design practices when developing standalone or add-on systems
based on the ESP32 series of products, including the ESP32 chip, the ESP32 modules and development
boards.

e £ESP32 AT Instruction Set and Examples
This document introduces the ESP32 AT commands, explains how to use them, and provides examples of
several common AT commands.

e Cspressif Products Ordering Information

10.2 Must-Have Resources
Here are the ESP32-related must-have resources.

e ESP32 BBS
This is an Engineer-to-Engineer (E2E) Community for ESP32 where you can post questions, share knowledge,
explore ideas, and help solve problems with fellow engineers.

e ESP32 GitHub
ESP32 development projects are freely distributed under Espressif's MIT license on GitHub. It is established
to help developers get started with ESP32 and foster innovation and the growth of general knowledge about
the hardware and software surrounding ESP32 devices.

* ESP32 Tools
This is a webpage where users can download ESP32 Flash Download Tools and the zip file "ESP32 Certifi-

cation and Test".

* ESP-IDF
This webpage links users to the official loT development framework for ESP32.

* ESP32 Resources
This webpage provides the links to all available ESP32 documents, SDK and tools.
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Revision History

Revision History

Date Version | Release notes
2019.01 V2.8 Changed the RF power control range in Table 9 from =12 ~ +12 to =12 ~ +9 dBm.
Added "Cumulative 10 output current” entry to Table 4: Absolute Maximum Ratings;
Added more parameters to Table 6: DC Characteristics.
* Added reliability test items the module has passed in Table 1: ESP32-
WROOM-32 Specifications, and remaved software-specific information;
¢ Updated section 3.4: RTC and Low-Power Management;
2018.08 | V2.6 * Changed the module’s dimensions from (18+0.2) mm x (25.5 +0.2) mm x
(3.1£0.15) mm to (18.00£0.10) mm x (25.50+0.10) mm x (3.10+0.10) mm;
* Updated Figure 8: Physical Dimensions;
* Updated Table 7: Wi-Fi Radio.
¢ Changed the module name to ESP32-WROOM-32;
¢ Deleted Temperature Sensor in Table 1: ESP32-WROOM-32 Specifications;
* Updated Chapter 3: Functional Description;
¢ Added Chapter 8: Recommended PCB Land Pattern;
Changes to electrical characteristics:
* Updated Table 4: Absolute Maximum Ratings;
* Added Table 5: Recommended Operating Conditions;
* Added Table 6: DC Characteristics;
¢ Updated the values of "Gain control step”, "Adjacent channel transmit power”
in Table 9: Transmitter Characteristics - BLE.
2018.03 | V2.4 Updated Table 1 in Chapter 1.
Deleted information on LNA pre-amplifier;
2018.01 V2.3 Updated section 3.4 RTC and Low-Power Management;
Added reset circuit in Chapter 7 and a note to it.
Updated the description of the chip's system reset in Section 2.3 Strapping Pins;
Deleted "Association sleep pattern” in Table “Power Consumption by Power Modes”
20017.30 | M2 and added notes to Active sleep and Modem-sleep;
Updated the note to Figure 4 Peripheral Schematics;
Added discharge circuit for VDD33 rail in Chapter 7 and a note to it.
Updated operating voltage/power supply range updated to 2.7 ~ 3.6V,

2018.10 | V2.7

2018.06 | V2.5

2017.09 | V2.1
Updated Chapter 7.
Changed the sensitivity of NZIF receiver to -97 dBm in Table 1;
Updated the dimensions of the module;
2017.08 | V2.0 Updated Table "Power Consumption by Power Modes” Power Consumption by

Power Modes, and added two notes to it;
Updated Table 4, 7, 8, 9;

Added Chapter 8;

Added the link to certification download.

Added a note to Section 2.1 Pin Layout;
Updated Section 3.3 Crystal Oscillators;
Updated Figure 3 ESP-WROOM-32 Schematics;

2017.06 | V1.9
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Revision History

Date Version | Release notes

Added Documentation Change Notification.

2017.06 | V1.8 Updated Figure 1 Top and Side View of ESP32-WROOM-32 (ESP-WROOM-32).
Added the module’s dimensional tolerance;

2017.04 V1.7 Changed the input impedance value of 502 in Table 7 Wi-Fi Radio Characteristics
to output impedance value of 30+{10 §2.

2017.04 | V1.6 Added Figure 2 Reflow Profile.

Updated Section 2.2 Pin Description;

2017.03 | V1.5 Updated Section 3.2 External Flash and SRAM;
Updated Section 4 Peripherals and Sensors Description.
Updated Chapter 1 Preface;

Updated Chapter 2 Pin Definitions;

Updated Chapter 3 Functional Description;

2017.03 | V1.4 Updated Table Recommended Operating Conditions;
Updated Table 7 Wi-Fi Radio Characteristics;

Updated Section 5.6 Reflow Profile;

Added Chapter 10 Learning Resources.

2016.12 V1.3 Updated Section 2.1 Pin Layout.

2016.11 Vi@ Added Figure 7 Peripheral Schematics.

2016.11 V1.1 Updated Chapter 6 Schematics.

2016.08 V1.0 First release.

Espressif Systems 20 ESP32-WROOM-32 Datasheet V2.8



	13122021110852
	13122021111258



