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OVERVIEW ANKEYFEATURES

ThisDatasheetdescribes both the RM186 (88@Hz band for EU) and RM191 (948Hz band for US)The
differences are outlined in the radiopecifications.

Every RM1xx Series module is designed to enable OEMs to add a long range LoRa radio link as well as central
role Bluetooth Low Energy (BLE) to small, portable, pasescious devices. The RM1xx modules are enabled

g AlGK $nmarkBNRE@E eventdriven programming language that enables OEMs to make their product
development quicker and simpler, significantly reducing time to maskeartBASI@nables customers to

develop a complete embedded application inside the compact RM1xx hardware, connectingd® array of

external sensors via its 12C, SPI, UART, &O&EPIO interfaces.

Based on thevorld-leadingNordic Semiconductor nRF518@_E) and Semtech Sx1272 (LaRggses, the
RM1xxmodules providailtra-low power consumption with outstandingireless range using the LoRa radio link
and local BLE connections thaee dBmof transmit power.This document should be read in conjunction with
the smartBASIC user manual.

Note:  Thisinformationin this document is subject to change. Please cortaaidto obtain the most recent
version of this document http://ews-support.lairdtech.com

Featuresand Benefits )" rons) Application Areas
A Bluetooth v4.0c CentralMode A Public or private atworks
A Onboard BLEhip antenna A Irrigation/Agriculture
A U.FL for externdloRa antenna A Parking
A smarBASIC programming language A Lighting
A Bluetooth SIG Listed A Asset tacking
A Compact dotprint A Tank nonitoring
A Long angec LoRa range up to 1&n A Smart Home, smoke alarms,
A BLBEProgrammable TX powe{3dBm to-20 dBm heating,
A BLETXwhisper mode 30 dBm-55 dBm) A Accessantrol ¢ security
A BLERX sensitivity:91 dBm A Industrial automatiorr,
A Ultra-low power consumgion factory
A BLETX: 2.7mA peak (at 3dBm@Vcc=3.3)/(SeeNote 4 in A Any long range, bary
) the Power Consumptiogection) powered sensor application
A BLERX:11.9mA peak @Vcc=3.3\beeNote 4 inthe Power
Consumptiorsection)
A Standby Dozes.2 uA (typical)
A Deep Sleep’50nA (SeeNote 4 inthe PowerConsumption
section)
A UART, GPIO, ADC, PWM FREQ output, TIMERS, I12C, ai
interfaces
A Fast timeto-market
A FC@C (RM191SM) CERM186SM)
A No external components required
Embedded Wireless Solutions Support Center: Americas:+1-800-492-2320
http://ews-support.lairdtech.com 4 Europe:+441628858940
www.lairdtech.com/wireless Hong Kong#852 2923 061C

© Copyright2016Laird. All Rights Reserved


http://ews-support.lairdtech.com/
http://ews-support.lairdtech.com/

LoRa/BLE Modules
Datasheet

SPECIFICATIONS

Tablel: Specifications

Laird >,

LoRa_ \_Nireless LoRa® LoRaWAN 1.01 (End Device)
Specification 902.928MHz RM191

Frequency

865870 MHz RM186

Maximum Transmit Power 15.5dBm RM191

Setting 13.5 dBm RM186

Mlnl_mum Transmit Power 1.5 dBm

Setting

Receive Sensitivit -126dBm RM191(BW 500kHz $12)

y -134 dBm RM186 (BW 125kHz SF 12)

Range

Up to 15km in free space

Raw Data Rates
(over the air)

250 bps; 50 kbps RM186

980 bps; 21.9kbps RM191

BLE Wireless Bluetooth® (BLE) V4.0¢ Central Mode
Specification Frequency 2.402-2.480 GHz
Max.lmum Transmit Power 3 dBm (into-1.5 dBi chip antenna)
Setting
Minimum Transmit Power -20 dBm (irfour dB steps) wittsmartBASIC command
Setting -16 dBm

-12 dBm
-8 dBm
-4 dBm
0 dBm

TX Whisper Mode 1
Transmit Power

-30 dBm (mir) with smartBASIC command

TX Whisper Mode 2 Transmit
Power

-55 dBm (mir) with smartBASIC command

Receive Sensitivity
(0.1% BER)

-91 dBm typical

Link Budget

95 dB (@ 1 Mbps)

Range

Up to 100 m irfree space

TX Whisper Modes

Range reduction feature with TX Whisper modes with
smartBASIC command.

Range
(TX Whisper Mode 2)

<~30 cm

Raw Data Rates

1 Mbps (over the air)

Host Interface and Total 14 x Multifunction 1/O lines
Peripherals UART TX, RX, CTS, RTS
DCD, RI, DTR, DSR, CTS, RTS (Note 1)
Default 115200, 8, 1
From 1,200 to 460800ps
GPIO Upto 14

With configurabld/O direction,O/P drive strength
(standard 0.5 mA or high 5 mAyll-up/pull-down

Embedded Wireless Solutions Support Center:
http://ews-support.lairdtech.com
www.lairdtech.com/wireless
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ADC

Four 10bit channelgincluding ADC reference)
10 bit resolution

1.2 V internal reference
1/1, 2/3, 1/3 prescaling

PWM or FREQ output

PWM or FREQ outpon up to two GPIO output pins:

PWM output duty cycle 0%100%

PWM output frequency Up to 500 kHz (Note 7)

FREQ@utput frequency 0 MHz4 MHz
(50% duty cycle)

12C One 12C interface (up to 400 kbps) (Note 2)

SPI One SPI Master interface (up to 4 Mbps) (Note 3)
BLEServices Services supported GATT client and capabilities
FW Upgrade smarBASIC runtime engine FV (1) Via UART

upgrade

(2) Via 2Wire SWD Programming/Debug Interface

Programmability

smartBASIC

Onboard programming language similar to BASIC.

smartBASI@pplication
download

(1) Via UART.
(2) Via 2Wire SWD Programming/Debug Interface

Control Protocols

Any

User defined vismatBASIC

Operating Modes

Selfcontained Run mode

Selected by nAutoRun pin status:

nAutoRun = LOW (0V): Then runs $autorwstgrtBASIC
application scriptjf it exists.

Interactive / development
mode

yldzizwdzy ' 1 LDI o6%//0Y ¢
Yy I Y S éma#BRSIC application script).

Supply Voltage Supply (VCC) 2.1V 3.5V Internal DCDC converter (Note 5)
1.8v¢g2.1v Internal LDO
DCDGwitched on if VCE2.1V at powewup
BLEPower Active modes peakucrent Connected mode  12.7 mA peak TX
Consumption (for Max TX PWR 3 dBm) (Vce=3.3V) 11.9 mA peak RX
Active modes peakuerent Connected mode 5 mA peak TX

(for TX Whisper mode2 PWR
-55 dBm)

(Vee=3.3V) 11.9mA peak RX

Active modes averagaiorent

Depends on many factorse&Power Consumptian

Ultra-low power nmodes

Standby Doze 4.2 uA typical (Note 6)
Deep Sleep 750nA (Note 6)

Antenna Options

BLE (Internal) chipnéenna

Onboard ceramic chip monopole antenna
-1.5dBi

LoRa (External)

Dipole antenna with U.FL (IPEX) connector upd&i2

Physical Dimensions 25.4 mm x 25.4 mm x 3.1 mm
Weight 3 grams
Environmental Operating 406/ @2 stk BEY/ mMoDy =+
Storage nn el G2 byp e/
Embedded Wireless Sglutions Support Center: 5 Americas:+1-800-492-2320
http://ews-support.lairdtech.com Europe:+441628858940
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Categories ~ Feawre ~ Implementaton

Miscellaneous Lead Free Leadfree and RoHS compliant

Warranty 5-Year Limited Lifetime

Development Tools Development Kit Development Kit DMRM1xx and

Free Software Tools

Approvals Bluetooth® SIG Listed Declaration 1D

FCC/IC/CE RM191SM: FCC/IC, RM1&M: CE

Note 1:
Note 2:

Note 3:

Note 4:

Note 5:

Note 6:

Note 7:

DSR, DTR, RI, and DCD can be implemented smthie BASIC application.

With 12C interface selected, pulp resistors on 12C SDA and 12C SCL MUST be connected
externally as per 12C standard.

SPI interface (master) consists of SPI MOSI, SPI MISO and SPIl CEKs Ereated by
customer using any spare SIO pin within thearartBASIC application script allowing multi
dropping.

RM1xx module comes loaded wgmartBASIC runtime engine FW, but does not come
loaded with anysmartBASIC application script (as that is dependent on customer end
application or use). Laird provides many sanmgteart BASIG@pplication scripts covering the
services listed. Additional applications being added every quarter.

Laird suggests using Vcc of 3.3\6% (3.13V3.46V) for maximum LoRa output power.
WARNING: above 3.5V, the LoRa transmitter will be disabled to maintain regulatory compliance
Deep Sleep current/A (typcal).

Standby Doze currerd.2uA(typical).

PWM output signal has a frequency and duty cycle property. PWM output is generated
using 32bit hardware timers. The timers are clocked by a 1MHz (1uS period) clock source.
Tradeoff PWM output frequency with resolution. For example:

PWM output frequency of 500kHz (2uS) results in resolution of 1:2

PWM output frequency of 100kHz (10uS) results in resolution of 1:10

PWM output frequency of 10kHz (100uS) results in resolution of 1:100

PWM output frequency of 1kHz(1000uS) resiidtsesolution of 1:1000

Refer to thesmartBASIC user guide for details.

Embedded Wireless Solutions Support Center: Americas:+1-800-492-2320
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Block Diagram and Piout

24 connection pads

[ uarr | |GPIO | ADC | | 12¢ | | SpI |

4':';:" ARM Cortex MO

—| 32k RAM |

FLASH l smartBASIC

Radio

G| Loka __BLERadie _
| PSU and 1

: Management

‘Connector

U.FL(IPEX) 2.4GHz Chip
Antenna

User smartBASIC application

Example App

PRINT “Laird RM186 Module”
WaitEvent

smartBASIC

run-time engine
(provides safe access to LoRa®/BLE
stacks, drivers and non-vol stores)

Figurel: Functional HW and SWock dagram for RM1xxseries smaBASIGnodules

GND
SI0_21
SI0_22
SI0_23
SI0_24
SI0_25
SIO 28
GND
SI0_29
SI0_30
GND
"~ VCC_BLE

—_—

-
N|—‘

GND

NC
nRESET
GND
SIO_6/AIN
SIO_5/AIN
SIO_4/AIN
SIO_3/AIN
SI0_17

GND

VCC_LORA

Figure2: RM186/RM191 module pirout (top view)
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Pin Definitions

Table2: Pin definitions

1 GND - - - - - -
2 sI021 DIO UARTTX OUT SetFrUgh N 12467
UART UARTCLOSE() selec
3 SIO_22 DIO RX IN PULEUP 1,2,4,6,7 DIO functionality
UART Set low in and UARTOPEN()
4 SIO_3 DIO RTS ouT W 1,2,4,6,7 selectsUARTcomms
UART UL behaviour
5 SI024 DIO cTS IN DOWN 1,2,4,6,7
Laird Devkit,
6 SI0 25 nAutoRUNDIO DIO IN NONE IN only UART_DSR via J10,
J12
7 SIO28 DIO - IN PULEUP 13,1,2,6 Laird DevKit: J6
8 GND - - - - -
9 SI029 DIO 12C SCL IN PULEUP 1,26,11 [2COPEN() in
10 SI0_30 DIO I2CSDA N PULLUP 1,2,6,11 fzr?:a]ffmiﬁ selects
11 GND
12 VCC_BLE - - - - - Vcc for BLE Radio
13 VCC_LORA - - - - - Vcc for Lora Radio
14 GND - - - - -
15 SI000 DIO SPI CLK IN PULEUP 1,2,611 SPIOPEN() in
SP| smartBASIC selects
16 SIo_7 DIO TEE IN PULEUP 1,26,11 SPI function, MOSI
and CLK will be
SPI outputs when in SPI
17 SIO_03/AIN DIO/AIN MOSI IN PULIUP  1,23,456,11 aster mode. See
note 11
18 SIO04/AIN DIO AIN IN PULWP  1,234,5611 -ard Devkit:SPI
= Slave Select
Laird Devkit:
19 SIO 05/AIN DIO AIN IN PULEUP 1,2,3,4,5,6,11 Button2 or Ana
Temp Sensor via J7
Laird Devkit: LED5 o
20 SIO 06/AIN DIO AIN IN PULEUP 1,2,3,4,56,11 Arduino AO Via J8
21 GND
22 ARESET IN 9,10 %x)tem Reset (Activi
23 NC 9 DO NOT CONNECT
24 GND

Embedded Wireless Solutions Support Center:

http://ews-support.lairdtech.com
www.lairdtech.com/wireless
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Note 1:

Note 2:

Note 3:

Note 4:

Note 5:

Note 6:

Note 7:

Note 8:

Note 9:

Note 10

Notell:

Notel?2:

Notel3:

Notel4:

Secondary function is selectablesmarBASIC application.

DIO = Digital Input or Output. I/O voltage level tracks VCC.

AIN = Analog Input

DIO or AIN functionality is selected using the GpioSetFunc() functonarBASIC.

AIN configuration selected using GpioSetFunc() function.

I12C, UART, SPI controlled by xxxOPEN() functisnsinBASIC.

SI0_21to SIO_24 are iPdefault when $autorun$ app runs on power up.

N/A

Hidden2-Wire SWD Programming/Debug Interfagin22 (SWDIO) and pin23 (SWDCLK). Used for
upgradingsmarBASIC runtime engine FW withink programmer. Using this hiddéswire SWD

Programming/Debug Interfacen customers host PGBquiresheader connector &ntec FTSHLO5
01-L-DV, refer to sectio@-Wire SWD Programming/Debug Interfader details.

‘Pull the nRESET pin (pin 22) low forimum 100 mS to resé¢he module

SPI CS is created by customer using any spare SIO pin withsntheBASIC application script
allowing multidropping.

N/A
N/A

smartBASIC runtime engine has DIO (Defauliction) INPUT pins, have by default RUBLenabled.
This was done to avoid floating inputs (which can also cause current consumption in low power
modes (e.g. Standldyoze) to drift with time. In any case customer can disable theURJthrough
their smart BASIC application.

All the SIO pins (with a default function of DIO are inguapart from SIO_21 and SIO_23, which are
outputs):

- SIO_2(alternative function UARTX) is an output, sehigh(in FW).

- SIO_23alternative functionJART_RTS) is an output, set low (in FW).

- SIO_2Zalternative function UART_RX) is an input, set with internalypu(in FW).

- SIO_24alternative function UART_CTS) is an input, set with internatipuih (in FW).

TheRM1xxmodule is delivered witlthe integratedsmartBASIC runtime engine FW loaded (but no onboard
smartBASIC application scripBecause of this, it starts up in AT command mode by default.

At reset, all SIO lines are configured as the defaults shown above.

SIO lines can be configud throughthe smartBASI@pplication script to be either inputs or outputs with pull
ups or puldowns.Whenan alternative SIO function is selectéslich as 12C @P), the firmware does not allow

Embedded Wireless Solutions Support Center: n Americas:+1-800-492-2320
http://ews-support.lairdtech.com Europe:+441628858940
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the setup of internal pulup/pull-down. Therefore whenI2C interfaceas selected, putup resistors on 12C SDA
and 12C SQUUSTbe connected externally as per 12C standard.

UART_RX, UART_TX, UART_CNM8a@ategidevek (if VCC is 3.9, i.e. SIO pin I/O levels track VCC) ekample,
when RX and TX areddthey sitat 3.3V (if VCC is 3\8). Converselyhandshaking pins CTS and RTS\éa@
treated as assertion

Pin6 (nAutoRUN) is an input, with active low logic. In theadepmentkit (DVKRM1xxSM)it is connected so
GKIFG GKS aidladS Aa RNA IBenAGERUN fin3nusk e @xiedally Held igh 8r dai taldzi
select betweerthe following two operating modes:

A SeltcontainedRun modgnAutoRUN pin held at 0 V).
A Interactivd developnent mode (nAutoRUN pin held at VCC).

smarBASIC runtime engirfiemware checks for the status of nA@RUN during poweup or resetlf it is low
and if there is amartBASI@pplication script name&autorun$, then thesmartBASIC runtime engirléV
executesthe application scripautomatically; hence the hamesB-containedRun Mode

Electrical Specifications

Absolute Maximum Ratings

Absolute maximum ratings for supply voltage and voltages on digital and aeglots of themodule are listed
below; exeeding these valuesausegpermanent damagérable3).

Table3: Maximum Current Ratings

~ Minimum  Maximum  Unit
Voltage at VCBLENdVCC_LOR#iIn -0.3 +36 (Note 1) \%
Voltage at GND pin 0 \
Voltage at SIO pin -0.3 VCC+0.3 Vv
Storage temperature -40 +85 °C

Note 1: Absolute Max Rating for VCC pin (max) is 3.6\Mhowever we recommend 3.3V +/5% as the spec for
maximum Vcc. The LoRa transmitter Buts down if the voltage exceeds 3.5V

Recommended Operating Parameters
Table4: Power Supply Operating Parameters

vCe 1.8 3.3 3.5 Vv
VCC Maximum ripple or nose 10 mV
OperatingTemperature Range -40 - +85 °C

Note 1: Internal DCDC is used if VCC >2.1 V on papeotherwise internal LDO is used
If supply voltage is greater than 3.5V, the LoRa transmitter will be disabled.

Note 2: The maximum VCC ripple or noise (at any frequency) that does not disturb the radio.

Embedded Wireless Solutions Support Center: 1" Americas:+1-800-492-2320
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Table5: Signal Levels for Interface, SIO

Laird >,

VIH Input high voltage 0.7vVCC VCC \%
VIL Input low voltage VSS 0.3 \%
VOH Output high voltage

(std. drive, 0.5mA) VCCO0.3 VCC \%

(high-drive, 5SmA)Note 1) VCCO0.3 VCC \%
VOL Output low voltage

(std. drive, 0.5mA) VSS 0.3 \%

(highdrive, SmA)Note 1) VSS 0.3 \%
Pull up resistance 11 13 16 kY
Pull down resistance 11 13 16 1 K

Note 1: Maximum number of pins with 5mA high drive is three.

Table6: SIO pin alternative function AIN (ADC) specification

ADC Internal reference voltage

-1.5% 1.2V

+1.5% %

ADC pin input
internal selectable scaling

1/1, 1/3, 2/3

Scaling

ADC input pin (AIN) voltage maximur

without damaging ADC w.r.t
VCC Prescaling

3.3V 1/1

3.3V 2/3

3.3V 1/3

1.8V 1/1

1.8V 2/3

1.8V 1/3

24
3.6
3.6
2.1
2.1
2.1

< <K<K

ADC input pin (AINjoltage maximum
without saturating ADC (with 1.2V

internal reference)
1/1 prescaling
2/3 prescaling
1/3 prescaling

1.2
1.8
3.6

< <<

Time required to convert single
sample in

10bit mode

9bit mode

8 bit mode?

68
36
20

us
us
us

ADC input impedance (during
operation}

Embedded Wireless Solutions Support Center:
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Note 1: Stay within internal 1.2 V reference voltage with given prescaling on AIN pin and do not violate ADC

maximum input voltage (for damage) for a given VCC, e.g. If VCC is 1.8 V can only expose AIN pin to

2.1V (VCC+0.3).

Note 2: Currently, thesmarBBASIC runtime engine firmwaoaly allows 1&bit mode.

Note 3: ADC input impedance is estimated mean impszaof the ADC (AIN) pins. The tolerance i206f/b.
The ADC is highly sensitive to the impedance of the source. The ADC (AIN) input impedanee is 200k
600k depending on your ADC gain @goaling) setting. Normally, when not sampling, the ADC (AIN)
impedane will have very high value and can consider it to be an open circuit. The moment ADC is

sampling, ADCAIN) impedance is 20600k.

nAutoRUN Pin and Operating Modes
Operating modes (refer to themartBASI@nanual for details):

A Selfcontained mode
A Interactve/Development mode

Table7: nAutoRUN pin

Input with active low logic.
Operating mode selected by nAutoRun pin status:
If Low (0V), runs $autorun$ if it exists;

nAutoRUN (SIQ5) 6
If High (VCG)uns@ A |

FibNXzy ol yR a)F.

Pin 40 (nAutoRUN) is an input, with active low logic. In the development boardRBIYE it is connected so
GKIFIG GKS aidladS Aa RNA OByoRIN pininéeds tokbe extiéraily héldthigh @ Idwitd. Jdz(

select between the twdRM1xxoperating modes:

A Seltcontained Run mode (nAutoRUN pin held at OV).
A Interactive/Development mode (nAutoRUN pin held at VCC)

smarBASIC runtime engirfiemware cheds for the status of nAutoRUN during powsy or reset.If it is low
and if there is amartBASIG@pplication named $autorun$ then themarBASIC runtime engine execstbe

application automaticallyhence the nameaelfcontained run mode

LoRaOutput Ponver and Current Consumption vs Vcc

To maximize output power, the best choice for module Vcc is 3.3%4-(which results in a Vcc range of 3.14V
to 3.47V). Tie datain Table8 wastakenat 25°Cwith UART on andlleother peripherals turned €. It showshow
the output power andransmitter current consumptioffialls off as a function of Vcc.

Table8: Power consumptiorand outputpower vs Vcc

Vcc | Tx Current Rx Current Pout Tx Current Rx Current  Pout

V] [mA] [mA] [dBm] [MA] [mA] [dBm]

3.5 31.4 12.7 13.8 45.7 15.3 15.2

3.3 30.9 12.6 13.5 43.3 15.0 14.9

3.0 29.5 12.3 13.0 39.8 15.1 14.3
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2.7 27.9 12.2 12.2 36.3 14.8

1.8 194 11.8 6.5 24.5 14.4

Typical LoRa Current Waveforms for Tx/Rx Cycle

The plots belowFigure3 and Figure4) depictatypical Transmit/Receive cycle wheendinga LoRgacket to

the gatewayTheplots were madaisinga shunt current monitor and the voltage levels have been translated to

currents. The current plots show a transmitted packet, tiirst receive window @¢ne second later), followed by
the secondreceive windowone secord following thefirst receive window. The currents representedre the

total module current (the sum of VCC_EitlH VCC_LORA pins).

DS 20248, MY53510656 Tue May 10 104025 2016
12009/ 2

oc
DC

Rx Win #1 Rx Win #2

12.1mA 12.1mA

Figure3: Typical RM186 LoRa transmit/receive cycle (full Tx power, Vcc=3.3V; @25

D50-x 20244, MY53910858 Wed May 11 11:23:35 2018
1 2

Rx Win #1 Rx Win #2

15mA 15mA
| P

To turn on cursor

Figure4: Typical LoRa transmit/receivecOf S o6 Fdzf f ¢ E LJ2 6 SNE
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LoRa Receive Sensitivity vs Data Rate

Laird >,

Table9 tabulates typicaLoRaeceive sensitivitys a function of thé.oRadata rate The data ratas determined
by thecombination ofbandwidth and spreading factor of the incoming LoRa sidited.data rates in the table
are the LoRaWAN data rates used by the gateway when transmitting to the end device.

Table9: Receive sensitivity vs LoRa data rate

8 980

500 12 -126

9 1760 500 11 -125

RM191 10 3900 500 10 -122
11 7000 500 9 -119

12 12500 500 8 -116

13 21900 500 7 -113

0 250 125 12 -134

1 440 125 11 =132

2 980 125 10 -130

RM186 3 1760 125 9 -127
4 3125 125 8 -124

5 5470 125 7 -121

6 11000 250 7 -119

Note the following:

A DR = LoR&AN dita rate

A Bit rate is the effective over the air bit rate
A BW is the bandwidth of the incoming LoRa transmission
A SFis the Spreading Factor of the incoming LoRa transmission

BLE Power Consumption

Data taken at VC&3V/(see Notel following Table10) and 25C.

Table10: Power consumption

Active M2 RS  WLIS | 4 (Kote@dzNNEB y

(Connection)

TX only run peak current @TXpwr= + 3 dBn 12.7 mA

TX only run peak current @T pwr= 0 dBm 8.4 mA

TX only run peak current @ TXpw#dBm 7.1 mA

TX only run peak current @ TXpw8=dBm 6.9 mA

TX only run peak current @TXpwi2 dBm 6.4 mA

TX only run peak current @ TXpwi:6 dBm 6.1 mA

T X only run peak current @ TXpw28 dBm 3.5 mA
Embedded Wireless Sqlutions Support Center: 15 Americas:+1-800-492-2320
http://ews-support.lairdtech.com Europe:+441628858940
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Parameter ~~ Min  Typica  Max  Unit

TX Whisper Mde 1 5.4 mA
TX only run peak current @ TXpwB6 dBm
TX Whisper Mde 2 5.0 mA
TX only run peak current @ TXpwbES dBm
Active Mode
w- 2yfe@ WLISI1Q Odz2NNB 11.9 mA
Ultra Low Power Model (Not@)
Standby Doze 4.2 UA
Ultra Low Power Mode2 (Not8&)
Deep Sleep (no RAM retention) 750 nA

Active Mode Average current (Noté)

Connection Average Current draw
Max with connection interval (min) 7.5 mS

with connection interval 67.5mS ~400 uA
Min with connection interval (max) 4000 mS ~2.64.1 UA
Note 1. If VCGAs below2.1V (operating range of DCP@e peak current consumptionill increasebecause

Note 2:

Note 3:

Note 4.

the DCDC converter is switched off and the internal LDO is enabled

Standby Doze is entered automatically (whegaiteventstatement is encuntered within a
smartBASIG@pplication script). See individual peripherals current consumption in tables in section
Peripheral block current consumption 4.3

In Deep Sleep, everything is disabled #melonly wakeup sources are reset and changes on pins on
which sense is enabled. reset is required to exit Deep Sleep.

Data taken with TX pow&dBm and all peripherals off (UART OFF after radio evewtyage
current consumption depends on a number of facténeluding TX power, V@&@daccuracy of 16
MHz and 32.768 kHzystal3. With these factors fixed, the largest variable is the connection
interval.

Connection Interval Range:
7.5 ms to 4000 ms in multiples of 1.25 ms.

For a connection event:
¢ The minimum average current consumption is when the connection interval is large 4000 mS

¢ The maximum average current consumption is with the shortest connection interval of 7.5 ms; no
slave latency.

Other factors that are also related to aveeagurrent consumption include whether transmitting 6
packets per connection interval & each packet contains 20 bytes (which is the maximum for each
packet) and an inaccurate 32 kHz master clock accuracy would increase the average current
consumption.
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BLE Masured Peak Current Waveforms during Connection

Figurebillustrates BLE current waveforms observed as the RM1xx module perfaitnassmit/receive cgle

with Vcc = 3.3VTheplot wasmade using a shunt current sensor and the voltage waveform hasrhaenally
converted to currentThe current represented is the total module current which is the sum of the BLEandCC
BLE_LORA pins.

BLE Transmit/Recei® dzNNB y G & |

DE0-X 20245, MYS3510655 Thu May 12084503 2016

F/ \\F\

F

OOlfro®o+ XHups/

I+

Tx 12.7mA Rx 11.9mA

Figure5: Typical peak current consumption profilgith doze moden effect before/after the Rx/Tx

Tablell:. [ 9 t SI]1 ¢NIyaYAlkwSOSAPS OdzNNByia @a 00 Xups/

3.5 12.0 114
3.3 12.7 11.9
3.0 13.3 12.3
2.7 14.4 13.0
1.8 16.6 15.02

Note: This is the total module current (sum of pins VCC aéBd&CC_LORA)

Peripheral Block Current Consumption

The values below are calculatemt fitypical operating voltage of .

Table12: UARTPower Consumption

UART Run current ®ax Baud Rate 230 uA

UART Run current @ 115200 bps 220 UA

UART Run current @ 1200 bps 210 UA

UART Bauthte 1200 460800 bps
Embedded Wireless Solutions Support Center: Americas:+1-800-492-2320
http://ews-support.lairdtech.com 1 Europe:+441628858940
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Table13: SPI Power Consumption

SPI Master Run current @ 125 kbps 180 UA
SPI Master Run current @ 4 Mbps 200 uA
SPI bit rate 0.125 4 Mbps

Table14: 12C Power Consumption

I2C Run current @ 100 kbps 380 uA
I2C Run current @ 400 kbps 400 uA
I12C Bit rate 100 400 kbps

Table15: ADC Power Consumption

ADC current during conversion 260 UuA

For asynchronous interface like thkRART (asynchronous as the other end can communicate at any time), the
UART (oiRM1x3y mustkept open (by a command smartBASIC application script) resulting in the base current
consumption penalty.

For synchronous interface like the 12C or SPI ($¥Mé&xxside is the master), the interface can be closed and
opened onlywhen neededby a command ismartBASIC application scriptsulting in current saving (no base
current consimption penalty)¢ K S NBnfi@ argument for AD®pen ADC when needed).

FUNCTIONADESCRIPTION

TheRM1xxmoduleis a sekicontained LoR&@luetooth Low Energy produciand requires only powdr Y R | dza S N.
smartBASI@pplicationto implement fullLoRaand BLE functionalityThe LoRa radio in conjunction wihn

externatwo dBi antenna implements a long range, low data rate conned¢tiamLoRa gateway up to 15

kilometers The integrated, high perfanance BLE antenna combined with tRE and &seband cicuitry

provides the Bluetootth.ow Energy wireledgk to connect to local BLE sensoffie RM1xx SIO lines provide the
ho9aQa OK2aSy AYUGSNFIOS O2yySOGAz2y (2 sh&BASKEANBR & SNA
application binds the sensors togh.oRa and BLE wireless functionality.

The variety of hardware interfaces and thmarBASI@rogramming language allow the RM1xx module to serve

a wide range of wired/wireless applications, whilst reducing overall time to market and the learning curve for
developing LoRa and BLE products.

To provide the widest scope for integraticavarety of physical host interfaces/sensors are providEide
major RM1xx series module functional bloeke described below.

Power Management (includes brownout and poweron reset)

Power management features:

A SystemStandby Doz®eep Sleep modes
A Brownout Reset

Embedded Wireless Solutions Support Center: 18 Americas:+1-800-492-2320
http://ews-support.lairdtech.com Europe:+441628858940
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peripheral can be individually closed to save power consumptiath @@ommand in amarBASIC
application script).

A Tworegion RAM retention (No RAretention in Deep Sleep mode)

A smartBASIC command allows the VCC voltage t@be (through the internal ADC)

A Pinwakeup systemfrom deep sleep

Power supply features:

A Supervisohardwareto manage power on reset, brownout (and power fail).
A 1.8V to 3.5V supply range.

Clocks and Timers
Clocks

The integrated high accuracy {20 ppm) 32.76&Hz crystal oscillator providg@sotocol timing and helps with
radio power consumtion in the system Standby DdBeep sleep modes by reducing the time that the RX
window needs to be open. Standard accuracy clocks tend to have lower accu2is ppm.

The integrated high accuracy 16 MHz-{&/ppm) crystal oscillator helps witradio operation and also helps
reduce power consumption in the tiee modes.

Timers

In keeping with the evendriven paradigm o§martBASIC, the timer subsystem enaldesartBASIC applications
to be written which allow future events to be generated based oretiots.

A Regular Timec, There areeightbuilt-in timers (regular times) derived from a single RTC clock which are
controlled solely bgmartBASIC function3he resolution of the regular timer is 976 microseconds.

A Tick Timer A 31bit free running countethat increments everpne millisecond The resolution of this
counter is 488 microsecond$his counter can be accessed using the functions GetTickCount() and
GetTickSince().

Refer to thesmartBASIC user guide for more information.
RF

RM186 LoRa radi865¢ 870MHz (250; 11000 bps over the air data rate)

RM186 protocol can optionally employs K@ps FSK when enabled by the gateway

RM191 Lora radio: 902928 MHz (980 21900 bps over the air data rate)

Bluetooth Low Energy radio: 242480MHz (Mbps over the air data rate).

BLE TX output power of 4Bm programmable (vismartBASIC command) t80dBm in steps ofour dB.
BLE TX Whisper modeq0 dBm (vissmartBASIC command).

BLE TX Whisper mode&s dBm (vissmartBASIC command).

BLEReceiver (with integrated channel filters) to achieve maximum sensiBAtgBm @ IMbps BLE.
BLE Antenna: Integrated monopole chip antenna on RM1xx

UART Interface

DI D D D D

The Universal Asynchronous Receiver/Transmitter offers fastjdplex, asynchronouserialcommunication
with built-in flow control support JARTCTSUARTRTS) ithe hardware Parity checkings supported.

Embedded Wireless Solutions Support Center: 19 Americas:+1-800-492-2320
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UART_TX, UART_RX, UART aRARART_CTS form a conventional asynchronous serial dataifhort
handshaking. The interface is desigrto operate correctly when connected to other UARVices such as the
16550A. The signaling levels &®OS logic levels that track V@@ are inverted withrespect to the signaling
on an RS232 cable.

Twoway hardware flow control is implemented ART_RT&hd UART_CTS. UART_RTS is an output and
UART_CTS is an inpBbth areactive low.

These signals operate according to normal industry conventl&RT_RX, UART_TX, UART_CTS, UART_RTS are
all CMOS logic levels that track VE0r example, whn RXand TX are idle they sit a high logic level (VCC)
Conversely for handshakipins CTS, RT8®Vis treated as an assertion.

The module communicates with the customer application using the following sigfialse6):

A t2Nl k¢-5 2F GKS |'LJLJf)\C)|'ﬁ)\2)/ éé)fr?é. RIGI G2 GKS Y2
A Port /RXD of the applicatioN\E OSA @Sa RIFGF FNRY (GKS Y2RdzZ SQa ! ! w¢ y
RM 1xX Application - Host
UART_TX -~ /RXD
UART_RX [TXD
UART_CTS h 1 | mrs
UART_RTS ICTS

Figure6: UART Signals

Note: TheRM1lxxserial module output is at CMOS logic levbit track VCC. Level conversion must be
added to interfaceo providean R&32 level compliant interface.

Some serial implementations link CTS and RTS to rerheveestd for handshaking. Laird does not recommend

linking CTS and RTS other than for testing and prototyping. If these pins are linked and the host sends data at the
point that the RM1xx deasserts its RTS signal, then there is significant risk thatlinéesiae buffers will

overflow, which could lead to an internal processor crash. This will drop the connection and may require a

power cycle to reset the module. Laird recommends that the correct CTS/RTS handshaking protocol be adhered
to for proper operdion.

Table16: UART Interface

SIO_21UART_TX O SIO_21 (alternative function UART_TX) is an output, set high (in FW)

SIO_22 (alternative function UART _RX) is an input, sefrdttmal pult
up (in FW).

2
3

SIO_23UART_IRS 4 O SIO_23 (alternative function UART_RTS) is an output, set low (in FW
5

SIO_24 (alternative function UART_CTS) is an input, set with internal
down (in FW).

SIO_22UART_RX

SIO_24UART_TS

The UART interface is algsed to load customer developetharBASIC application script.
SPI Bus

The SPI interface is an alternate function on SIO pins, configurabledBASIC

The nmodule is a master device that uses terminals SPI_MOSI, SPI_MISO, and SPI_CHB is implemented
using any spare SIO digital output pins to allow for rdrbipping.
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The SPI interface enables full duplex synchronous communication between devices. It sufip@esiare
(SP1_MOSI, SPI_MISO, SPI_SCK,) bidirectional busstitiitéetransfers to and from multiple slaves. Individual
chip select signalare necessary for each of the slave devices attached to a bus, but control of these is left to the
application through use of SIO signals. I/O data is double buffered.

The SPperipheral supports SPI mode 0, 1, 2, and 3.

Tablel17: Peripheral supports

SPI_MOSI 17 @] This interface is an alternate function configurable by
SPI MISO 16 | smart BASIC. Default in the FW piahd 17 are inputs. SPIOPEN() in

= smart BASIC selects SPI function and changes pinl4 and 16 to outpt
SPI_CLK 15 O (when in SPI master mode).

[2C Interface

The 12C interface is aiternate function on SIO pins, configurabledmyartBASIC command.

The wo-wire interface can interface addirectional wiredOR bus with two lines (SCL, SDA) and has master
/slave topology. The interface is capable of clock stretching. Data rates of 100 kbps and 400 kbps are supported.

An 12C interfacelbws multiple masters and slaves to communicate over a shared v@Rdype bus consisting
two lines which normally sit at VCtheRM1xxmodule can only be configured as an 12C master with additional
constraint that it be the only master on the buiheSCL is the clock line which is always sourced by the master
and SDA is agiirectional data line which can beiden by any device on the bus.

IMPORTANT: It is essential to remember that pullip resistors on both SCL and SDA lines are not provided
in the module and MUST be provided external to the module.

Tablel8: 12C Interface

12C_SDA 10 /O This interface is aalternate function on each pin, configurable by
1I2C_SCL 9 I/O smarBASIC. 12COPEN@mmarBASIGelects 12C function.

General Purpos#O, ADCand PWM/FREQ

GPIO

Al SIO pins are configurable bsnarBASICTheycan be accessed individualBach has the fdbwing user
configured features:

A Input/output direction

A Output drive strength{standard drive 0.5nA or high drive 5mA)

A Internal pull up and pull down resistors (K3ypical) or no pulip/down
A Wakeup from high or low level triggers on all pins

ADC

The ADC is an alternate function four selectSIO pins, configurable lsynartBASICThis enablesampling up
to four external ggnals via an internal MUX to the 10 bit AD8e ADC has configurable input {s&aling and
sample resolution.
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Analoglinterface(ADC)

Table19: Analog interface

AING Analog Input 17 This interface is an alternate function on each gimpfigurable by
AIN¢ Analog Input 18 smartBASICAIN configuration selected using GpioSetFunc()

AING Analog Input 19 function.
AIN¢ Analog Input 20 10 bit resolution. Voltage scaling 1/1, 2/3, 1/3.

PWM andFRECHgnal Output on up to Two SIO Pins

The PWM and FREQ output is an alternate function on SIO pins, configurabhtetASIC.

The ability to output a PWM (Pulse Width Modulated) signal or FREQ output signal otwapG®10 (SIO)
output pins can be selected using GpioSetFunc() function.

PWM outputsignal has a frequency and duty cycle propePWWM output is generatedsing 32bit hardware
timers. The timers are clocked byoae-MHz clock sourceFrequency is adjustable (4p 1 MHz)and the Duty
cycle can be set over range from 0% to 100% (both configuraldmbgBASIC commandilote, the frequency
driving each of thavo SIOpins is the same but the duty cycle can be independently set for each pin.

FREQ outpusignal frequency can be set over a range blz0to 4MHz (with 50% markpace ratio).
NRESET Pin

Table20: nNRESET pin
~PinNo 1O  Comments
HW reset (active lojvPull the nRESET pin low for
NRESET 22 I minimum 100mS in order for thRM1xxto reset.

nAutoRUN Pin
Refer to sectiomAutoRUN pin and Operating Modegarding operating modes and the nAutoRUN pin.

A Selfcontained Run mode
A Interactive / Development mode

Two-Wire SWD Programming/Debug Interface

You have the option of usirige 2-wire (SVD Programming/Debug) interface during productiorclone the file
system of a Golden preconfigured RM1xx to others using the Flash Cloning process. Contact Laird support for
details.

“Signal Name (hidden name PinNo /O Comments
nRESET (SWDIO) 22 10
NC (SWDCLK) 23 |

The connectofor the (2Wire SWD Programming/Debug Interfad#pN isas follows:

JPINotel FTSHL05 Header, 1.27mm, SMD, 4@ay, FTSHL05-01-L.-DVSamtec
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Note 1: Referencdahe RM1xxdevelopment board schemati€igure7 shows the wiring for th@-Wire SWD
Programming/Debug Interfacebnnector andRM1xxmodule hidder2-Wire SWD
Programming/Debug Interfagans

VCC_10
JP1

NnRESET/SWDIO (RMlXX P|n 22)
SWDCLK (RM1xx Pir23)

@f\lmwl—\

2

7

3
X

FTSH-105

GND

Figure7: Wiring for 2-Wire SWD Programming/Debug Interfaamnnector toSWD Programming/Debug interfacen RM1xx module

RM1xx onboard chip antenna characteristics

TheRM1xxon-board chip monopole antenna radiated performance depends on the host PCB layout.

RM1xxdevelopment board was used f&M1xxdevelopment and antenna performance evaluatidio. obtain
similar performance follow guidelines in sectié@B Layout on Host PCB for RMdatlow the orboard
antenna to radiate and reduce proximity effects due to nearby host PCB GND copper or metal covers.

RM1xxon-board antenngpart number:ACXAT5026E3ROHBANLF

HARDWARIENTEGRATIOBUGGESTIONS
Circuit

TheRM1xxa SNA Sa Y2RdzZ S Aa Slhaeée G2 AydSaANIGS NBldANARY3 Yy
from those required byustomerfor development and irtustomersend application.

Checklist (for Schematic):

A VCC
The module Vcc should be chosen to optimgither range or power consumption and must be within the
validoperating range and noise/ripple specificationRif11xx Pins VCC_BLE and VCC_LORA should be tied
together and @&coupling capacitors for filteringhould be added close to the module VCC pirtse supply
must be able to deliver enough current for the sum of the BLE and LoRa transmitter currents for the chosen
Vcce (plus reasonable headroonBoweron reset circuitry withirRM1xxseries module incorpotas
brown-out detector, thus simplifying power supply design. Upon application of power, the internal power
on reset esures module starts correctly.

A AIN (ADC) and SIO pin 10 voltage levels
RM1xxSIOoperatingvoltage levels aréfom OV toVCC. Ensure inpvoltage levels into Si@b not exceed
VCC also (if VCC source is a battery whose voltage will drop). Ensure ADC pin maximum inpu voltage for
damage is not violated.

A AIN ADQ impedance and external voltage divider setup
If one wanted to measure with[2C, a voltage higher than 3.6V then one can connect a high impedance
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voltage divider to lower the voltage to the ADC input pin. Other methods are to use a voltage buffer or FET
transistor in conjunction with a low resistance voltage divider.

High impedancealues of a voltage divider connected to an AIN pin will introduce ADC inaccuracy. Laird
recommends the following solution for setup of a voltage divider when used with the RM1xx ADC:

T Connect a capacitor between AIN and ground (if the voltage divideeptesigh impedance).
Normally, when ADC is not sampling, the ADC (AIN) impedance is a very high value and can be
considered an open circuit. The moment ADC is sampling, ADC (AIN) impedancesi30k0amd
lowers the AlN/oltage However, when the capaoitis connected it should keep the AIN voltage at
previous level for an adequate time period while sampling, minimizing the effect of the high
resistance value of the external voltage divider. The capacitor should be big enough to hold voltage
up for the equired time period, i.e. 20 us for 8 bit sampling or 68 us for 10 bit sampling. If you use a
FET transistor to open the current flow through the circuit momentarily before sampling, allow
enough time for the capacitor to fully charge before sampling.m@utine sampling period, multiple
samples are made and the ADC output value is the mean value from the sampl@&yoshmple
pool is created during 20 us period for 8 bit sampling, 36 us period for 9 bit sangrith§8 bit
period for 10 bit sampling.

Two-Wire SWDProgramming/Debug Interface

Required ifFlash Cloning will be used during production to load RMinartBASIC application and/or the
firmware, add2-Wire SWD Programming/Debug Interfaa® detailed in sectio@-\Wire SWD
Programming/Debug Interface

UART

The UART igquired for loading customesmarBASI@pplicationand firmware Add connector to allow
UART to be interfaced to PC (UART¢RS232 or UARTUSB).

UART_RXndUART_CTS

SIO_22 (alternative functibUART _RX) is an input, set with internal weakygullin FW)The pulup
prevents the module from going into deep sleep when UART_RX line is idling.

SIO_24 (alternative function UART_CTS) is an input, set with internal wedkwnl(in FW). This pulll
down ensures the default state of the UART_CTS will be asserted which means can send data out of the
UART_TX linén the case when UART_CTS is not connected (which we do not recommend).
nAutoRUN pirand operatingmode selection

nAutoRUN pin needs to lexternally held high or low to select between the tRM1xxoperating modes
at powerup:

T Seltcontained Run mode (nAutoRUN pin held at 0V).

T Interactivddevelopment mode (nAutoRUN pin held at VCC).

Make provision to allow peration in the required modeAdd jumper to allow nAutoRUN pin to be held
highor low (via 10K resistor) OR driven by host GPIO.

12C

It is essential to remember that ptiip resistors on botth2C SCL antPC SDA lines are not provided in the
RM1xxmoduleand MUST be provided external to the module as per 12C standard.

SPI

Implement SPI chip select using any unused SIO pin withirsypranBASCapplication script then SPI_CS is
controlled fromsmartBASCapplication allowing multdropping.

SIO pin directhin

RM1xxmodulesshipped from production witsmartBASICuntime engine F\ 2 | £ € { Lh LAY A&
Fdzy QlA2yé 2F G5Lhe0 | NB Y2 aahé2p UseyauBsinartBASIClapplicaizana
scriptto change the directioof anySIO pirthat is required to be an output in your desighiso these SIO
pins that are inputs have by default (in Fe¥)internal pultup or pulidown resistorenabled (see Pin

Embedded Wireless Solutions Support Center: o Americas:+1-800-492-2320
http://ews-support.lairdtech.com Europe:+441628858940
www.lairdtech.com/wireless Hong Kong#852 2923 061C
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DefinitionsTable?). This was done to avoid floating inputs (which can also cause currentroptisn in
low power modes (e.g. StandiDoze) to drift with time. In any case customer can disable the-RBL
through theirsmartBASIC application.

NRESET pin (active low)

Hardware reset. Wire out to push button or drive by host.

By default module isut of reset when power applied to VCC pin

PCB Layout on Host PGBeneral
Checklist (for PCB):

A

> >

A

A

MUST locate RM1xx module close to the edge of PCB (mandatory for RM1xbtmrdrchip antenna to
radiate properly).

Use solid GND plane on inner layfer best EMC and RF performance).

All module GND pins MUST be connected to host PCB GND.

Place GND vias close to module GND pads as possible.

Unused PCB area time top layer can be flooded with copper but place GND vias regularly to connect
copper floodto inner GND plane. If GND flood copper exists on the top PCB layer (under of the RM1xx
module), then connect with GND vias to inner GND plane and ensure that it is covered with solder mask.
Route traces to avoid noise being picked up on VCC supply arfdr@lidgue) and SI10 (digital) traces.
Ensure no exposed copper beneath the module (refer to land pattern of RM1xx development board).

BLE Chip\ntenna Keepout on Host PCB

A

A

>\

> >

Ensure there is no copper in the antenna kemp area on any layers of the hd3CB. Keep all mounting
hardware and metal clear of the area to allow proper antenna radiation.

For best antenna performance, place the RM1xx module on the edge of the host PCB, preferably in the
corner with the antenna facing the corner.

The RM1xx developemt board has the RM1xx module on the edge of the board (not in the corfibg.
antenna keepout area is defined by the RM1xx development board which was used for module
development(and antenna performance evaluatipis shown irFigures, where the antenna keeput area
is composed of PCB dielectric (no copper) sitting under the RM1xx antenna.

A different host PCB thickness dielectric will have befldct on antenna.

The antennaeepout defined inHost PCB Land Pattern and Antenna Keepppties when the RM1xx is
placed in the corner of the host PCB. When RM3kcannot be placed as such, it must be placed en th
edge of the host PCB and the antenna keep out must be observed. An example is shawneid

Embedded Wireless Solutions Support Center: Americas:+1-800-492-2320
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Keepout extends

as far as possible

Antenna Keepout
(Copper removed
on all layers)

RM1xx module placed at
host PCB board edge near
the corner of the PCB

Figure8: Antenna keepoubn DVKRM1xx PCB (shown in red) with RM1xx module placed near the corner

Note:  1.RMi1xxmodule placed on edge of host PE@Rse to the corner of the PCB)

2.Coppercut gl & 2y | ff I aBSdibcatiogtPCB: yiSyyl YSSLIJ

Antenna Keep-out and Proxmity to Metal or Plastic
Checklist (for metal /plastic enclosure):

A Minimum safe distance for metals without seriously compromising the antenna (tuning) is 40mm
top/bottom and 30mm left or right.

A Metal close to the RM1xx chip monopole antenna (bottom, teft, right, any direction) will have
degradation on the antenna performanddow much; that is entirely system dependent which means
some testing by customer required (in their host application).

A Anything metal closer than 20mm will start to significgrdbgrade performance (S11, gain, radiation
efficiency).

A ltis best that the customer tests the Range with mapk(or actual prototype) of the product to assess
effects of enclosure height (and material whether metal or plastic).

Embedded Wireless Solutions Support Center: 26 Americas:+1-800-492-2320
http://ews-support.lairdtech.com Europe:+44-1628858940
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LoRaExternal Antenm Integration withRM1xx

Laird >,

Please refer to the regulatory sections feC CIC and CE for details of use oRM1xxwith external antennas.

TheRM1xxhas been designed to operate with the below external antennas (with a maximum gain of 2dBi). The

required antenna impedance is 50 ohnsgeTable21.

Table21: LoRa External antennas for the RM1xx

RFDPA131015IMBB301 060000060 Walsin Dipole 0 U.FL RM191/RM186
WPANTDPO3R5A - World Dipole 2.0 U.FL RM191/RM186
Products
S152CIL-PX915S - Nearson Dipole 2.0 U.FL RM191
S152CIL-PX868S - Nearson Dipole 2.0 U.FL RM186
MECHANICADETAILS
RM1xx Mechanical Details
0.124 i
4‘ ™ (3.150 mm) 4..“..7 0072218;;“)
[ J
OOO O OOO 0.040 in J_
1.00in (1.016 mm) _
(25.40 mm) OO OO -L (1g$§f:m)
O O 0.060 i
OOO O OOO (1.524 r’rl1r:n)J_ { ]
0.077 in
1,00 0.045i = 1. 0.1401n
(25.40 rl:m) (1.143 n'lnrr]’n) (1956 mm) (3.556 mm)
Top View Side View Bottom View

Figure9: RM1xxMechanical drawings

Development Kit Schematics canfoendin the Documentation tab of thBM1xxproduct page:
www.lairdtech.com/products/rm1xdfora-modules

Embedded Wireless Solutions Support Center:
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HostPCB Land Pattern and Antea Keepout for RM1xx

0.200in
/) (5.080 mm)
LJ b
Ol ]
O 0.180 x 0.370 in 0
| O (4.572 x 9.398 mm) H
% 0.660 in 1.00in
0.060 in } 0 | (16..764 mm) (25.40 mm)
(1.524 mm) G |
0 ]
B4} i8]
| O CJ
_ : RM1xx PCB ]
0040in | |1 / Outline
(1.016 mm) S S A
||l 0o045in |l 00275in
(1.143 mm) (0.6985 mm)
1.00 in
(25.40 mm)

Application Notes

1. 9yadz2NE GKSNB Aa y2 O2LIISNI AYy GKS FyaSyylr w{SSL
mounting hardware or any metal clear (RefeiOjoon of the area to reduce effects of proximity
detuning the antenna and to help antenna radiate properly.

3. Forbest BLE chip antenna performant®s module MUST be placed on the edgema‘ host PCB

(preferably in the corngiwith the antenna facing the corner.M1xxis not placed in corngbuton

SR3IS 2F K2ad t/ .3z GKS FyuSyyl aYSSL)I hdzi ! NBI ¢ A
4. RMilxxdevelopment board haan RM1xyplaced on the edge of the BMoard (and not in corner) the

Antenna keep out area is extendedt to the corner of the development board, see sectl@B Layout

on Host PCBGeneral This was used for module development and antenna performandeaian.
5. Ensure no exposed copper under module on host PCB.

6. The user may modify the PCB land pattern dimensions based on their experience and / or process

capability.
Embedded Wireless Solutions Support Center: o8 Americas:+1-800-492-2320
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APPLICATIONOTE FORBURFACMOUNTMODULES

Introduction

Laird Technologiesurface mount modules are designed to conform to all major manufacturing guidelines. This
application note is intended to provide additional guidance beyond the information that is presented in the User

Manual. This Application Note is considered a lidagument and will be updated as new information is

presented.

The modules are designed to meet the needs of a number of commercial and industrial appliCEtieynsre
easy tomanufacture and conform to current automated manufacturing processes.

Shipping

Modules are shipped in ESD (Electrostat
Discharge) safe trays that can be loaded
into most manufacturers pick and place
machines. Layouts of the trays are
provided inFigurel0.

Embedded Wireless Solutions Support Center:
http://ews-support.lairdtech.com
www.lairdtech.com/wireless
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Figure10: RM1xxShipping Tray Details
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Reflow Parameters

Prior to any reflow, it is important to ensure the modules were packaged to prevent moisture absohbian.
packages contain desiccate (to absorb moisture) and a humidity indicator card to display the level maintained
during storage and shipment. If directedliake unitson the card, se€able22 and follow instructions specified

by IPC/JEDEETID033. A copy of this standard is available from the JEDEC website:

http://lwww.jede c.org/sites/default/files/docs/jstd033b01.pdf

Note:  The shipping tray cannot be heated above 65°C. If baking is required at the higher temperatures
displayed in infable22, the modules must be removed from the shipping tray.

Any modules not manufactured before exceeding their floor life should fEokaged with fresh desiccate and
a new humidity indicator card. Floor life for MSL (Moisture Sertgitivvel) 3 devices is 168 hours in ambient
environment¢30°C/60%RH.

Table22: Recommended baking times and temperatures

Cf 22NJ [ Saturated Ct22NJ [ Ct22NJ [

Saturated Saturated
b TH K @ b TH KZ b TH K2
0,
@30CB% g cm 30°C/85% X @k c o @30CB5% o gy e o
3 9 hours T K2dzZ oo K2 Ho K2dz wmo RI ® RI&a

Laird surface mount modules agesigned to be easily manufactured, including reflow soldering to a PCB.
Ultimately it is the responsibility of the cusher to choose the appropriate solder paste and to ensure oven
temperatures during reflow meet the requirements of the solder pastedisairface mount modules conform
to JSTD020D1 standards for reflow temperatures.

Important: During reflow, modules should not be above 260° and not for more than 30 seconds.

300 -
250 +
—=Target Profile
200 1 Soak Min
150 4 Soak Max
= Liquidous
100 - Lower Target
= Upper Target

50 - = Absolute Peak

0 20 40 60 80 100120 140160180200 220 240 260 280 300320 340 360

Figurell: Recommended Reflow Temperature
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Temperatures should not exceed the minimums or maximums presentealire23.

Table23: Recommended Maximum and minimum temeures

Temperature Inc./Dec. Rate (max) 1~-3 °C/ Sec
Temperature Decrease rate (goal) 2-4 °C/ Sec
Soak Temp Increase rate (goal) 5-1 °C/ Sec
Flux Soak Period (Min) 70 Sec
Flux Soak Period (Max) 120 Sec
Flux Soak Tem(/in) 150 °C
Flux Soak Temp (max) 190 °C
Time Above Liquidous (max) 70 Sec
Time Above Liquidous (min) 50 Sec
Time In Target Reflow Range (goal) 30 Sec
Time At Absolute Peak (max) 5 Sec
Liquidous Temperature (SAC305) 218 °C
Lower Target RefloWemperature 240 °C
Upper Target Reflow Temperature 250 °C
Absolute Peak Temperature 260 °C

FCQ\NDICREGULATORSTATEMENTS

RM191SM SQGRM191 3147ARM191

¢KS h9a Ydzid FT2tt2¢ GKS NBIdA I G62NE JdARSEAySa | yR

The RM1941SM holds full modular approvals and has been certified for integration to products only by OEM
integrators under the following conditions

1. The antenna(s) must be installed such that a minimum separation distance of 30mm is maintained
between the radiator (antenna) and all persons at all times.

2. The transmitter module must not be operating in conjunction with any other antenna or transmitter,
except in accordance with FCC mulinsmitter product procedures.

As long as the two conditions above are met, further transmitter testing will not be requit@dever, the OEM
integrator is still responsible for testing their epdoduct for anyadditional compliance requirements required
with this module installed (for example, digital device emissions, PC peripheral requirements, etc.).

IMPORTANT NOTE:the event that these conditions cannot be met (for certain configurations docation

with another transmitter), then the FCC and Industry Canada authorizations are no longer considered valid and
the FCC ID and IC Certification Number cannot be used on the final prizdildse circumstances, the OEM
integrator will be responsible for revaluating the end product (including the transmitter) and obtaining a
separate FCC and Industry Canada authorization.

Embedded Wireless Solutions Support Center: - Americas:+1-800-492-2320
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TheRM191SM LoRa transmitterds been designeand approvedo operate with the antennas listed below
with a maximum gain of @Bi. The required antenna impedance is 50 ohms.

RFDPA131015IMBB301 060000060 Walsin Dipole 0.9 U.FL RM191SM
WPANTDPO3R5A - World Dipole 20 U.FL RM191SM
Products
S152CIL-PX915S - Nearson Dipole 2.0 U.FL RM191SM

Note: For the LoRa (external) dipole anteni,3 h9a A& FTNBS (2 OK22aS8S Iy2i0K
type and equal or lesser gaiadBi)and still maintain compliance. Reference FCC Part 15.204(c)(4) for
further information on this topic.

The RM191 BLE transmitter containsano | NR H ®n DI T OKALI yiSyyl X
1 AT5026E3ROHBANT/LF ACX Ceramic -15 RM191SM

Power Exposurénformation
Federal Communication Commission (FCC) Radiation Exposure Statement:

To comply with FCC RF exposure limits for general population / uncontrolled exposure, the antenna(s) used for
this transmitter must be installed to provide a separation distance of at &mem from all persons and
operating in conjunction with any oth@mtenna or transmitter.

OEM Responsibilities

WARNINGThe OEM must ensure that F&@ Industry Canadabelling requirements are met. This includes a
clearly visible label on the outside of the OEM enclosure specifying the appropriate L@ird FC
identifier for this product.

Contains FCC IBQGRM191
ContaindC:3147ARM191

The OEM of the RM193M module must only use the approved antenna(s) listed above, which have
been certified with this moduleThe OEM integrator has to be aware not to provigi®rmation to

the end user regarding how to install or remove this RF module or change RF related parameters in
the user manual of the end product.

The user manual for the end product must also include the following information in a prominent
location:

To comply with FCC and Industry Canada RF exposure limits for general population / uncontrolled
exposure, the antenna(s) used for this transmitter must be installed to provide a separation distance
of at least30mm from all persons and operating in conjtina with any other antenna or

transmitter, except in accordance with FCC muéthsmitter product procedures.

Embedded Wireless Solutions Support Center: 2 Americas:+1-800-492-2320
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If the size of the end product is larger than 8x10cm, then the following FCC part 15.19 statement has
to also be available on visible on outsiafedevice:

The enclosed 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 interégrce that may cause undesired operation

Label and text information should be in a size of type large enough to be readily legible, consistent
with the dimensions of the equipment and the label. However, the type size for the text is not
required to be lager than eight point.

CAUTION  The OEM should have their device which incorporatesRRH91SMtested by a qualified test
house to verify compliance with FCC Part 15 Subpart B limits for unintentional radiators.

WARNING Changes or modificationsn@ E LINB & &f & | LILINE OSR o6& [ ANR O2dzZ F
operate the equipment.

FCC Interference Statement

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. €Higsits are designed to provide reasonable protection

against harmful interference in a residential installation. This equipment generates, uses, and can

radiate radio frequency energy and, if not installed and used in accordance with the instructions,

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 determihgdurning the equipment

off and on, the user is encouraged to correct the interference by one or more of the following

measures:

A Reorient or relocate the receiving antenna

A Increase the separation between the equipment and the receiver

A Connect the eqiment to an outlet on a circuit different from that to which the receiver is
connected.

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

FCC Warning:

¢l L{ 59+L/9 /hat[L9{ 2L¢I t!w¢ mp hC €¢I INGEGWO w! [ 9{
CONDITIONS: (1) THIS DEVICE MAY NOT CAUSE HARMFUL INTERFERENCE, AND (2) THIS DEVICE MUST /
ANY INTERFERENCE RECEIVED, INCLUDING INTERFERENCE THAT MAY CAUSE UNDESIRED OPERATION

Industry Canada (IC) Warning:

This device complies with Indust@anada licensexempt 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 theagevi

French equivalent is:

Le présent appareil est conforme aux CNR d'Industrie Canada applicable aux appareils radio exempts de licence.
L'exploitation est autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas produire de brouillage, et

Embedded Wireless Solutions Support Center: 23 Americas:+1-800-492-2320
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(2)I'utilisateur de I'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est
susceptible d'en compromettre le fonctionnement.

IC Radiation Exposure Statement

To comply with Industry Canada RF exposure limits for general papulaincontrolled exposure, the

antenna(s) used for this transmitter must be installed to provide a separation distance of at least 30mm from all
persons and must not be operating in conjunction with any other antenna or transmitter.

REMARQUE IMPORTANTE

Déclaration IC d'exposition aux radiations

Pour se conformer a Industrie Canada RF limites d'exposition pour la population générale / exposition non
contrdlée, l'antenne utilisée pour ce transmetteur doit étre installée pour fournir une distance d'au moins
30mm de toutes les personnes et ne doit pas fonctionner en conjonction avec toute autre antenne ou
transmetteur.

Modular Approval

OEM integrator is still responsible for testing their end product for any additional compliance requirements
required with his module installed (for example, digital device emissions, PC peripheral requirements, etc.).

Approbation modulaire

OEM intégrateur est toujours responsable de tester leur produit final pour les exigences de conformité
supplémentaires nécessaires a cedule installé (par exemple, les émissions de périphériqgues numeériques, les
exigences de périphériques PC, etc.)

IMPORTANT NOTE:

In the event that these conditions cannot be met (for example certain laptop configurationslocation with
another transmiter), then the Canada authorization is no longer considered valid and the IC ID cannot be used
on the final product. In these circumstances, the OEM integrator will be responsibledoaheating the end
product (including the transmitter) and obtainimgseparate Canada authorization.

NOTE IMPORTANTE:

Dans le cas ou ces conditions ne peuvent étre satisfaites (par exemple pour certaines configurations
d'ordinateur portable ou de certaines docalisation avec un autre émetteur), I'autorisation du Canddatn

plus considéré comme valide et I'ID IC ne peut pas étre utilisé sur le produit final. Dans ces circonstances,
l'intégrateur OEM sera chargé de réévaluer le produit final (y compris I'émetteur) et I'obtention d'une
autorisation distincte au Canada.

Leproduit final doit étre étiqueté dans un endroit visible avec l'inscription suivante: " RAM Contient des
IC: 3147ARM191";

CEREGULATORY

The RM186 has been tested for compliance with relevant standards for the EU market. The RM186 module has
been tesed with a 2.0dBi external dipole antenna for LoRa, and-il%dBi onboard chip antenna for the BLE
transmitter. For the external LoRa dipole antenna, the OEM can operate any other type of antenna but must
ensure that the gain does not exceed 2.0dBi @imtain the Laird Technologies approval.

The OEM should consult with a qualified test house before entering their device into an EU member country to
make sure all regulatory requirements have been met for their complete device.
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Reference the Declaratiorf @onformities listed below for a full list of the standards that the modules were
tested to. Test reports are available upon request.

Antenna Information

The external flying lead U.FL dipole antennas for the 868MHz LoRa radio listed below were tastedafitin

GKS wamyc®d C2NJ /9 YIN] O2dzyiNAS&arX GKS h9a Aa FTNBS i
long as the gain is less than or equal to the highest gain approved for use YZ0d&ict a Laird Technologies
representative for moreriformation regarding adding antennas.

RFDPA131015IMBB301 060000060 Walsin Dipole 0.9
2 WPANTDPO3R5A World Products Dipole 2.0
3 S152CLL-PX868S Nearson Dipole 20

The BLE transmitter on board the RM186 has been approved with ésoard-Mm ®p R. A OKA L) | yiGSyy

1 AT5020E3ROHBANT/LF ACX Ceramic -1.5 RM191SM

Note: TheRM186module internal BLE chipset IC pins are rated 4 kV (ESD HBM). ESD tawépdhrough
the external2-Wire SWD Programming/Debug Interfamannector (if used on the customers design), if
discharge is applied directly. Customer should ensure adequategtion against ESD on their end
product design (using thRM186module) to meet relevant ESD standard (for CE, this is EAS@)1
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EUDECLARATIONEGCONFORMITY

RM186SM
Manufacturer: Laird
Product: RM186SM
EU Directive: RTTE 1995/5/EC
Conformity Assessment: Annex IV

Reference standards used for presumption of conformity:

3.1a Health and Safety EN609561:2006+42:2013

Protection requirements with  EN 301 484 V1.9.2 (201:D9)
respect to electromagnetic ~ EN 301 488 V1.6.1 (201®8)
compatibility EN 301 4847 V2.2.1 (201:D9)
3.1b Emissions:
EN55022:2006/A1:2007 (Class B)

Immunity:
EN6100&4-2:2009
EN6100&4-3:2006/A1:2008/A2:2010
Means of the efficient use of EN 300 222 V2.4.1 (201:D5)
the radio freqiency spectrum EN 300 328 V4.1 (205-02)

3.2

Declaration:

We, Laird,declare under our sole responsibility that the essential radio test suites have been carried out and
that the above product to which this declaration relaissn conformity with all the applicable essential
requirements of Article 3 of thEU Directive 1999/5/EC, when uded its intended purpose.

Laird

W66N220 Commerce Court, Cedarburg, WI 530
Place of Issue: USA

tel: +1-262-375-4400

fax: +1-262-364-2649

Date of Issue: April 2016

Name of Authorized Person: Thomas T SmittDirector of EMC Compliance
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