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1 OVERVIEW AND KEY FEATURES

ThisDatasheetdescribes both the RM186 (884Hz band for EU) and RM191 (904Hz 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 aadi@iihkr @ntral OR Peripheral
mode Bluetooth Low Energy (BLE) to small, portable, pevegiscious devices. The RM1xx modules are enabled with

[ I A NJREBASICan eventdriven programming language that enables OEMs to make their product development quicker
and simpler, significantly reducing time to markahartBASI@nables customers to develop a complete embedded
application inside the compact RM1xx hardwarmmecting to a wide array of external sensors via its 12C, SPI, UART, ADC
or GPIO interfaces.

Based on thevorld-leadingNordic Semiconductor nRF518@1E) and Semtech Sx1272 (LaRggses, the RM1xx
modules providailtra-low power consumption with ostandingwireless range using the LoRa radio link and local BLE
connections vidhree dBmof transmit power.This document should be read in conjunction with gmeartBASIC user
manual.

Note: Thisinformationin this document is subject to change. Please coritagtdto obtain the most recent version of
this documentg https://connectivity.lairdtech.com/resources/suppart

1.1 Featuresand @ ¥mud Benefits 1.2 Application Areas
A Bluetoothv4.1¢ Central OR Peripheral Mode A Public or private atworks
A Onboard BLEHip antenna A Irrigation/Agriculture
A U.FL for external LoRa antenna A Parking
A smarBASIC programming language A Lighting
A Bluetooth SIG Listed A Asset tacking
A Compact otprint A Tank nonitoring
A Long angeq LoRa range up to 1&m A Smart Home smoke alarms,
A BLEProgrammable TX powe8dBm to-20 dBm heating,
A BLETXwhispermode ¢30 dBm-55 dBm) A Accessantrol ¢ security
A BLERX sensitivity:91 dBm A Industrial automatiorg factory
A Ultra-low power consumption A Any long range, bagry
A BLETX: 2.7mA peak (at 3dBm@Vcc=3.3)/(SeeNote 4 inthe powered sensor application

Power Consumptiogection)

A BLERX:11.9mA peak @Vcc=3.3\8eeNote 4 inthe Power
Consumptiorsection)
A Standby Dee:4.2uA (typical)
A Deep Sleep750nA (SeeNote 4 inthe Power Consumptiosection)
A UART, GPIO, ADC, PWM FREQ output, TIMERS, 12C, and SP
interfaces
A Fast timeto-market
A FC@C (RM191SM) CHRM186SM)
A No external components required
https://connectivity.lairdtech.com/wireless 5 Americas +1-:800-492-2320
modules/lorawansolutions © Copyright 209 Laird. All Rights Reserved Europe +441628858940
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2 SPECIFICATIONS

Tablel: Specifications

LoRa Wireless LoRa® LoRaWAN 1.01 (End Device)
Specification Frequency 902-928MHz RM191
865870 MHz RM186
Maximum Transmit Power 15.5 dBm RM191
Setting 13.5dBm RM186
hSA(Ie?tl:r?;m Transmit Power 1.5 dBm
Receive Sensitivity -126dBm RM191(BW 500kHz £12)
-134 dBm RM186 (BW 125kHz SF 12)
Range Up to 15km in free space
Raw Data Rates 250 bps; 50 kbps RM186
(over the air) 980 bps; 21.9kbps  RM191
BLE Wireless Bluetooth® (BLE) V4.1¢ CentralOR Peripherdfiode
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) witlsmarBASIC€ommand
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 smarBASIC command

Receive Sensitivity
(0.1% BER)

-91 dBm typical

Link Budget

95 dB (@ 1 Mbps)

Range

Up to 100 m in free 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 Interfaceand Total 14 x Multifunction /O lines

Peripherals UART TX, RX, CTS, RTS
DCD, RI, DTR, DSR, CTS, RTS (Note 1)
Default 115200, g, 1
From 1,200 to 460800ps

GPIO Upto 14
With configurabld/O direction,O/P drive strength
(standard 0.5 mA or highdA),pull-up/pull-down
https://connectivity.lairdtech.com/wireless 6 Americas +1-:800-492-2320
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Four 10bit channels (including 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 output 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 smartBASIC runtime engine FV (1) Via UART

upgrade (2) Via 2Wire SWD Programming/Debug Interface

Note: JTAG required for upgrading between Central al
Peripheral firmware

Programmability smartBASIC Onboard programming language similar to BASIC.

smartBASI@Gpplication
download

(1) Via UART.
(2) Via Over the Air (If SIO_28 pin is pulled high
externally). Only for Peripheral role.

Control Protocols

Any

User defined vismatBASIC

Operating Modes

Selfcontained Run mode

Selected by nAutoRun pin status:

nAutoRun = LOW (0V): Then runs $autorsmgrBASIC
application script)f it exists.

Interactive / development
mode

y!dzizwdzy I I LDI o6+//0Y ¢
y I Y S $ma#BRSIC application script).

Supply Voltage Supply (VCC) 2.1vV¢3.5v Internal DCDC converter (Note 5)
1.8v¢2.1v Internal LDO
DCDC switched on if VEZ.1V at powewup
BLEPowerConsumption  Active modes peakucrent Connected mode  12.7 mA peak TX
(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)

(Vce=3.3V) 11.9mA peak RX

Active modes averagaioent

Depends on many factorse&Power Consumption

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 upd8i2

Americas +1-:800-492-2320
Europe +441628858-940
Hong Kong+8522923 0610
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 Caegoies  Feawre  mplementaon
Physical Dimensions 25.4 mm x 25.4 mm x 3.1 mm
Weight 3 grams
Environmental Operating 406/ 82 et CBEY/ Moy +
Storage nn e/ G2 byp e/
Miscellaneous Lead Free Leadfree and RoHS compliant
Warranty 1-Year Warranty
Development Tools Development Kit Development Kit DVRM1xx and
Free Software Tools
Approvals Bluetooth® SIG Listed Declaration 1D
FCC/IC/CE RM191SM: FCC/IC, RM18d/: CE

Note 1: DSR, DTR, RI, and DCD can be implemented smizne BASIC application.

Note 2: With I2C interface selected, pulp resistors on 12C SDA and 12C SCL MUST be connected
externally as per 12C standard.

Note 3: SPI interface (master) consists of SPI MOSI, SPI MISO and SPI CLK. SPI CS is created by
customer using any spare SIO wiithin their smartBASIC application script allowing multi
dropping.

Note 4: RM1xx module comes loaded wigmartBASIC runtime engine FW, but does not come loaded witlstaiayt
BASIC application script (as tietependent on customer erapplication or use). Laird provides many sample
smartBASI@pplication scripts covering theervices listed. Additional applications being added every quarter

Note 5: Laird suggests using Vcc of 3.3¥%6% (3.13%8.46V) ér maximum LoRa output power.

WARNING: above 3.5V, the LoRa transmitter will be disabled to maintain regulatory compliance

Note 6: Deep Sleep current/B0nA (typcal).

Standby Doze curréd.2uA(typical).

Note 7: PWM output signal has a frequency and duty cycle property. PWM output is genersiiegl 32bit hardware
timers. The timers are clocked by a 1MHz (1uS period) clock source.-off&'M output frequency with
resolution. For example:

PWM output frequecy 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 resolufdn 100
PWM output frequency of 1kHz(1000uS) results in resolution of 1:1000
Refer to thesmarBASIC user guide for details.

https://connectivity.lairdtech.com/wireless 8 Americas +1-:800-492-2320
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3 HARDWARE SPECIFICATIONS

3.1 Block Diagram and Pin-out

24 connection pads

|UART|

|GPIO | | ADC |

|I2C|

|SPI |

4Mbit
SPI

o~
L T

ARM Cortex M0

256k FLASH

smartBASIC
—| 32k RAM
toRa [ | __BLERadio
Radio | PSU and 1
| _Management _ |

U.FL(IPEX)
Connector

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 SWlock dagram for RM1xxseries smaBASIGnodules

-

B b B ik

N

GND

SI0_21
SI0_22
SI0_23
SIO_24
SI0_25
SIo_28
GND

SI0_29
— SI0_30
GND

“— VCC_BLE

GND

NC
nRESET
GND
SIO_6/AIN
SI0_5/AIN
SIO_4/AIN
SIO_3/AIN
Sio_17
SI0_00
GND

VCC_LORA

| 24
23
22
21
20
19
18
17
16
15
14
13

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

Table2: Pin definitions

1 GND - - - - - -

Set
2 SI021 DIO UART TX  OUT high in 1,2,46,7
FW
PULL UARTCLOSE() selects DIO
3 SIO_22 DIO UART RX IN up 1,2,4,6,7  functionality and UARTOPEN
Setl selectsUARTcomms
4 SIo_3 DIO UART RT!  OUT ir‘f FS\‘;" 12,467  behaviour
. PULL
5 SI024 DIO UART CT! IN DOWN 1,2,4,6,7
6  SI025 nAutoRUNMDIO  DIO IN NONE  INonly  -aird Devkit, UART_DSR via
= J10, J12
PULL . ”
7 SI028 vSPDIO DIO IN DOWN 1,2,6§12,13  Laird DevKit: J&SP/OTA)
8 GND - - - - -
PULL
9 SI0 29 DIO 12C SCL IN 1,26,11 )
- upP I2COPEN() smartBASIC
10 SIO_30 DIO I2CSDA N PS'I;L 12611  Selects12C function
11 GND
12 VCC _BLE - - - - - Vcc for BLE Radio
13 VCC_LOR/ - - - - - Vcc for Lora Radio
14 GND - - - - -
15 SI000 DIO SPICLK N PULE 4 5611 ,
upP SPIOPEN() smarBASIC
PULL selects SPI function, MOSI al
= SleL o De Sl Ll UP 2B CLK will be outputs when in
PULL SPI master mode. See note ]
17  SIO_O03/AIN DIO/AIN SPI MOSI IN Up 1,2,3,4,5,6,11
PULL . .
18  SIO04/AIN DIO AIN IN up 1,23,4,5,6,11 Laird Devkit: SPI Slave Selec
19 SIOOS/AIN DIO AIN IN PULE 4 5 34,5,6,11 SAird Devkit: Button2 or Ana
= UP Temp Sensor via J7
PULL Laird Devkit: LED5 or Arduinc
20 SIOO06/AIN DIO AIN IN up 1,2,3,4,56,11 AO Via J8
21 GND
22 NRESET IN 9,10 System Reset (Active low)
23 NC 9 DO NOT CONNECT
24 GND
https://connectivity.lairdtech.com/wireless 10 Americas +1-:800-492-2320
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Note 1: Secondary function is selectablesmartBASIC application.

Note 2: DIO =Digital Input or Output. I/O voltage level tracks VCC.

Note 3: AIN = Analog Input

Note4: DIO or AIN functionality is selected using the GpioSetFunc() functionariBASIC.
Note 5: AIN configuration selected using GpioSetFunc() function.

Note 6: 12C,UART, SPI controlled by xxxOPEN() functicsmant BASIC.

Note 7: SIO_21 to SIO_24 are DIO by default when $autorun$ app runs on power up.
Note 8: N/A

Note 9: Hidden2-Wire SWD Programming/Debug Interfgd@ AG)pin22 (SWDIO) and pin23 (SWDCUkgd
for upgradingsmartBASIC runtime engine FW withink programmer. Using this hiddeéaWire SWD
Programming/Debug Interfacen customers host PGBquiresheader connector &ntec FTSHLO5
01-L-DV, refer to sectio@-Wire SWD Programming/Debug Interfader details.

JTAG required for upgrading between Central and Peripheral firmware.

Note 10:Pull the nRESET pin (pin 22) low for minimum 100 mS totresetodule

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

Notel2: SIO_2&in must be pulled high externally to enable OTA (over the Air) smartBASIC application
download. Refer to the latest FW release documentation for details.

Notel3: User must ensure that SIO_28 and AutoRBND_25) are NOT BOTH HIGH (externally), otbeerwi
that state the UART is bridged to Virtual Serial Port service and so the RM1xx module will not
respond to AT commands and therefore cannot load smartBASIC application scripts (applies to all
versions of the smart BASIC runtime engine firmware.

Notel4: smartBASIC runtime engine has DIO (Default Function) INPUT pins, have by defallPRigiabled.
This was done to avoid floating inputs (which can also cause current consumption in low power
modes (e.g. Standlyoze) to drift with time. In any casestomer can disable the PWIP through
their smartBASIC application.

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

- SIO_21(alternative function UARTX is an output, sehigh(in FW).

- SIO_23Jalternative function UART_RTS) is an output, set low (in FW).

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

- SIO_24alternative function UART_CTS) is an input, set with internatiputh (inFW).

TheRM1xxmodule is delivered with the integratexmarBASIC runtime engine FW loaded (but no onbaandrBASIC
application script)Because of this, it starts up in AT command mode by default.

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

https://connectivity.lairdtech.com/wireless 11 Americas +1-:800-492-2320
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SIO lines can be configured throutple smarBASIGpplication script to be either inputs or outputs with pulbs or pul
downs.Whenanalternative SIO function is selectélich as 12C @P), the firmware does not allowthe setup of iternal

pull-up/pull-down. Therefore when I12C interfaces selected, pulup resistors on 12C SDA and [2CI808&Tbe connected
externally as per I12C standard.

UART_RX, UART_TX, UART_CWMsalegidevek (if VCC is 3.8, i.e. SIO pin I/O levels traekcC). Faexample, when RX
and TX are idlghey sitat 3.3V (if VCC is 3\3). Converselyhandshaking pins CTS and RTS\&af@ treated as assertion

Pin6 (nAutoRUN) is an input, with active low logic. In theadepmentkit (DVKRM1xxSM)it is connected so that the state
Ad RNAQGSY o0& (KSThe2AatdRUE pirbntust beeriamialyziield highybrSow to select betiveen
following two operating modes:

A SeltcontainedRun modgnAutoRUN pin held at 0 V).
A Interactive development mode (nAutoRUN pin held at VCC).

smarBASIC runtime engirfemware checks for the status of nAolRUN during poweup or resetlf it is low and if there is
asmartBASIG@pplication script name&autorun$ then thesmartBASIC runtime engirfFWexecutes the application script
automatically; hence the namee&-containedRun Mode

3.3 Electrical Specifications

3.3.1 Absolute Maximum Ratings

Absolute maximum ratings for supply voltage and voltages on digital and aeglots of themodule are listed below;
exceeding these valueausepermanent damagé€rable3).

Table3: Maximum Current Ratings

Voltage at VCBLEANdVCC_LOR#Nn -0.3 +36 (Note J) \%
Voltage at GND pin 0 Y
Voltage at SIO pin -0.3 VCC+0.3 \Y,
Storage temperature -40 +85 °C

Note I  Absolute Max Rating for VCC pin (max) is FhéWever we recommend 3.3V -Blbas the spec for maximum
Vcce.The LoRa transmittehstsdown if the voltage exceeds 3.5V

3.3.2 Recommended Operating Parameters

Table4: Power Supply Operating Parameters
1.8 3.3 3.5 \%

VCE
VCC Maximum ripple or nofse 10 mV
Operating Temperature Range -40 - +85 °C

Note 1: Internal DCDC is used if VCC >2.1 V on papieotherwise internal LDO is used
If supply voltage igreater 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.

Table5: Signal Levels for Interface, SIO
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VIH Input high voltage 0.nvCC
VIL Input low voltage VSS 0.3 vV
VOH Output high voltage
(std. drive, 0.5mA) VCCO0.3 VCC \%
(hightdrive, 5mA)Note J) VCCO0.3 VCC \Y,
VOL Output low voltage
(std. drive, 0.5mA) VSS 0.3 Vv
(high-drive, 5mA)Note 1) VSS 0.3 \%
Pull up resistance 11 13 16 kY
Pull down resistance 11 13 16 1K
Note 1: Maximum number of pins with 5mA high drive is three.
Table6: SIO pin alternative function AIRADC) specification
ADC Internal reference voltage -1.5% 1.2V +1.5% %
ADC pin input . 1/1, 13, 2/3 Scaling
internal selectable scaling
ADC input pin (AIN) voltage maximum
without damaging ADC w.r.t
VCC Prescaling
3.3V 1/1 2.4 Y
3.3V 2/3 3.6 \Y
3.3V 1/3 3.6 \%
1.8Vv 1/1 2.1 Y
1.8V 2/3 2.1 \Y
1.8V 1/3 2.1 \Y,
ADC input pin (AINjoltage maximum
without saturating ADC (with 1.2V
internal reference)
1/1 prescaling 1.2 \Vj
2/3 prescaling 1.8 \V;
1/3 prescaling 3.6 \V;
Time required to convert single sample i
10bit mode 68 us
9bit modée? 36 us
8 bit modé 20 us

ADC input impedance (during operatién’

If VCC is 1.8 V can only expose AIN pin to 2.1 V (VCC+0.3).

Note 1:  Stay within internal 1.2 V reference voltage witlven prescaling on AIN pin and do not violate ADC maximum
input voltage (for damage) for a given VCC, e.g.
Note 2:  Currently, thesmartBASIC runtime engine firmwaoaly allows 1bit mode.
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Note 3:  ADC input impedance is estimated mean impedance of the ADC (AIN) pins. The tolera2084s Tie ADC is
highly sensitive to the impedance of the source. The ADC (AIN) input impedance-80RRG@lepending on
your ADC gain (precaling) settingNormally, when not sampling, the ADC (AIN) impedance will have very

high value and can consider it to be an open circuit. The moment ADC is samplirfgMD@pedance is
200k600Kk.

3.3.3 nAutoRUN Pin and Operating Modes

Operating modes (refer to themarBASCmanual for details):

A Selfcontained mode
A Interactive/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;

If High (VCGJuns@A I | GbNHzy 6FYyR QFAf S

nAutoRUN (SIC25) 6 |

Pin 40 (nAutoRUN) is an input, with active low logic. In the development boareRBIYK] it is connected so that the
ail GS Aa RNX @ Suyfputdire. nAutRUN iig BeédQt beetemnally held high or low to select between the
two RM1xxoperating modes:

A Selfcontained Run mode (nAutoRUN pin held at 0V).

A Interactive/Development mode (nAutoRUN pin held at VCC)

smarBASIC runtime engirfemware checks for the status of nAutoRUN during powseror reset.If it is low and if there is
asmarBASI@pplication named $autorun$ then themarBASIC runtime engine execstae application automatically
hence the nameselfcontained run mode

3.3.4 LoRa Output Power and Current Consumption vs Vcc

To maximize output power, the best choice for module Vcc is 3.38%4(which results in a Vcc range of 3.14V to 3.47V).
The datain Table8 wastakenat 25°Cwith UART on andlleother peripherals turned ff. It showshow the output power
andtransmitter current consumptioffalls off as a function of Vcc.

Table8: Power consumptioand output power vs Vcc

Vcc | Tx Current Rx Current  Pout Tx Current  Rx Current Pout
V] [mA] [mA] [dBm] [mA] [mA] [dBm]
3.5 314 12.7 13.8 45.7 15.3 15.2
3.3 30.9 12.6 135 43.3 15.0 14.9
3.0 29.5 12.3 13.0 39.8 15.1 14.3
2.7 27.9 12.2 12.2 36.3 14.8 134
1.8 194 11.8 6.5 24.5 14.4 8.5

3.3.4.1 Typical LoRa Current Waveforms for Tx/Rx Cycle

The plots belowFigure3 and Figure4) depictatypical Transmit/Receive cycle wheaendinga LoRgpacket to tre gateway.
Theplots were madaisinga shunt current monitor and the voltage levels have been translated t@otgrThe current
plots show a transmitted packet, tHest receive window ¢ne second later), followed by theecondreceive windowone
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secord following thefirst receive window. The currents representedre the total module current (the sum of VCC_Bind
VCC_LORA pins).
DS0-X 20248, MY53510658: Tue May 10 10:40:25 2016
12008 2

980.02 rig'd? 3 i)
Agilent

on

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
1 200% 2 1.020s

RxWin#1  RxWin #2
15mA 15mA

Cursors Menu

To turn on cursors, pre ey on the front panel

rodozxs XHps/ 0

I+
O«
O

Figure4: Typical LoRa transmit/receivédcOf § o6 FdzZf f ¢ E LJ2 6 SNE

3.3.5 LoRa Receive Sensitivity vs Data Rate

Table9 tabulates typicaLoRaeceive sensitivitys a function of thé.oReadata rate The data ratds determined by the
combination ofbandwidth and spreading factor of the incoming LoRa sighaldata 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
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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:

DR = LoR&AN dita rate

Bit rate is the effective over the air bit rate

BW is the bandwidth of the incoming LoRa transmission

SF is the Spreading Factor of the incoming LoRa transmission

> > > >

3.3.6 BLE Power Consumption
Data taken at VCC 3.85ke Notel following Table10) and 25C.

Table10: Power consumption

Active M RS  WLJIS | q (Mote®dzNNSB y

(Connection)
TX only run peak current @ TXpwr= + 3 dBm 12.7 mA
TX only run peak current @T pwr= 0 dBm 8.4 mA
TX only run peak current @ TXpw#A=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 @ TXpwi6 dBm 6.1 mA
T X only run peak current @ TXpw28 dBm 5.5 mA
TX Whisper Mde 1 5.4 mA
TX only run peak current @TXpwB8 dBm
TX Whisper Mde 2 5.0 mA
TX only run peak current @TXpwES dBm
Active Mode
w- 2yfe WYWLISH1 Q OdzZNNBy i 11.9 mA
Ultra Low Power Model (Not@)
Standby Doze 4.2 uA
Ultra Low Power Mode2 (Not@&)
Deep Sleep (no RAM retention) 750 nA
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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 VCGQs below2.1V (operating range of DCP@e peak current consumptiowill increasebecause the DCDC
converter is switched off and the internal LDO is enabled

Note2: Standby Doze is entered automatically (wivesiteventstatement is encountered within smarBASIC
application script). See individual peripherals current consumption in tables in s€etigrheral block current
consumption 4.3

Note3: In Deep Sleep, everything is disabled and the only wgkeources are reset and changes on pins on which
sense is enabledh reset is required to exit Deep Sleep.

Note4: Data taken with TX pow&dBm and all peripherals off (UART OFF after radio ev&wnyage current
consumption depends on a number of factdircluding TX power, V@adaccuracy of 16 MHz and 32.768
kHzcrystalg. 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 steiré®@nnection interval of 7.5 ms; no slave
latency.

Other factors that are also related to average current consumption include whether transmitting 6 packets per
connection interval & each packet contains 20 bytes (which is the maximum for each pakat) a
inaccurate 32 kHz master clock accuracy would increase the average current consumption.

3.3.6.1 BLE Measured Peak Current Waveforms during Connection

Figure5 illustrates BLE current waveforms observed as the RM1xx module perfatmasmismit/receive cyclaith Vecc =
3.3V. Theplot wasmade using a shunt current sensor and the voltage waveform hasreaenally converted to current
The current representets$ the total module current which is the sum of the BLE_MGBLE_LORA pins.
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[ 9 ¢NIXyaYAGkwSOSAOPS OdzNNByida G +O00lTodox Xupe/

DE0-X 20244, MYS3510658 ThuMay 12034308 2016
1 50w

Channels

DC

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

Tablell:. [ 9 t SI1 ¢NIYaYAlGkwSOSABS OdNNByia @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 @Bd&CC_LORA)

3.3.6.2 Peripheral Block Current Consumption

The values below are calculateat f typical 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 Baud rate 1200 460800 bps

Table13: SPI Power Consumption

SPI MasteRun current @ 125 kbps 180 uA
SP| Master Run current @ 4 Mbps 200 UA
SPI bit rate 0.125 4 Mbps
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Tablel4: 12C Power Consumption

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

Table15: ADC Power Consumption

ADC current during conversion 260 UA

For asynchronous interface like thART (asynchronous as the other end can communicate at any time), the UART (on
RM1xy mustkept open (by a command smarBASIC application script) resulting in the base current consumption
penalty.

For synchronous interface like the 12C or SPI ($*M#xxside is the master), the interface can be closed and opened only
when neededby a command ismartBASIC application scriptesulting in current saving (no base current consumption
penalty).¢ K S NBnfdlar argument for AD@pen ADC when needed).

4 FUNCTIONAL DESCRIPTION

TheRM1xxmoduleis a selicontained LoR&@luetooth Low Energy productand requires only powdr Y R | dza SND a
smarBASI@pplicationto implement fullLoRaand BLE functionalityThe LoRa radio in conjunction wilh externatwo dBi

antenna implements a long range, low data rate connectioa LoRa gateway up to kBometers The integrated, high

performance BLE antenna combined with fRE and &seband circuitryprovides the Bluetoott.ow Energy wireledsk to
connectto local BE sensor: KS wamEE {Lh fAyS& LINRPPGARS (KS h9aQa OKz2aSy
ASNALFEk{tLKLH/ kI ydmarBABIGpdicatioR iEisthe ¢eksbrs WzheSLNEAaZENd BLE wireless

functionality.

The variety of hardware interfaces attte smarBASI@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 integratica varety of physical host interfaces/sensors are providBge major RM1xx
series module functional bloclese described below.

4.1 Power Management (includes brown-out and power on reset)

Power management features:

A SystenStandby Doz@®eep Sleep modes

A Brownout Reset

A Open/Close BNA LIKSN}Xfa o!!we¢x {tLX Lu/X {LhQa FYR !'5/0d® t SNXA
be individually closed to save power consumption (with a commandsmatBASIC application script).

A Tworegion RAM retention (BlRAVI retention in Deep Sleep mode)

A smartBASIC command allows the VCC voltage t@ae (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.
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4.2 Clocks and Timers
421 Clocks

The integrated high accuracy (20 ppm) 32.768&Hz crystal oscillator providgsotocol timing and helps withadio power
consumpion in the system Standby DdBeep sleep modes by reducing the timathhe RX window needs to be open.
Standard accuracy clocks tend to have lower accura@p@/ppm.

The integrated high accuracy 16 MHz{8/ppm)crystal oscillator helps withadio operation and also helpsdece power
consumption in the atve modes.

4.2.2 Timers

In keeping with the evendriven paradigm osmarBASIC, the timer subsystem enatdesarBASIC applications to be
written which allow future events to be generated based on timeouts.

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

A Tick Timer A 31bit free running counter thaticrements everpne millisecond.The resolution of this couer is 488
microsecondsThis counter can be accessed using the functions GetTickCount() and GetTickSince().

Refer to thesmartBASIC user guide for more information.

4.3 RF

RM186 LoRa radi@65¢ 870MHz (250; 11000 bps over the air data rate)

RM186 protocotan optionally employs Skbps FSK when enabled by the gateway

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

Bluetooth Low Energy radio: 24¢2480MHz (IMbps over the air data rate).

BLE TX output power of #Bm programmable (& smarBASIC command) t80dBm in steps ofour dB.
BLE TX Whisper mode30 dBm (vissmarBASIC command).

BLE TX Whisper modegs dBm (vissmarBASIC command).

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

IS A A P PP

4.4 UART Interface

The Universal Asynchronous Receiver/Transmitter offers fastjiplex, asynchronous seriedmmunication with buikin
flow control support UARTCTSUARTRTS) ithe hardvare. Parity checking supported.

UART_TX, UART_RX, UART @RTSART_CTS form a conventional asynchronous serial dataifrontandshaking. The
interface is designed to operate correctly when connected to other WRiEes such as the 16550A. Thenaling levels
are CMOS logic levels that track V@ are inverted withrespect to the signaling on an RS232 cable.

Twoway hardware flow control is implemented by UART _&IWBUART_CTS. UART_RTS is an output and UART_CTS is an
input. Both areactive low.

These signals operate according to normal industry conventi&RT_RX, UART_TX, UART_CTS, UART_RT3vHD&all
logic levels that track VCEor example, wbn RX and TX are idle theyatif high logic level (VC@onversely for
handshakig pins CTS, RTS®Vis treated as an assertion.

The module communicates with the customer application using the following siGialse6):

A t2NI k¢-5 2F GKS LI AOFGA2y aSyR&a RIGE (2 GKS Y2RdzZ SC
A

Port /RXD of the applicatdN 5 OSA @Sa&a RIF Gl FTNBY (KS Y2RdzZ SQa ! !wege- &A
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RM1xx Application - Host
UART_TX — /RXD
UART_RX ITXD
UART_CTS < /RTS
UART_RTS ICTS

Figure6: UART Signals

Note:  TheRMlxxserial module output is at CMOS logic levbi track VCC. Level conversion must be added to
interfaceto providean R£32 level compliant interface.

Some serial implementations link CTS and RTS to remove the ndethftshaking. 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 that internal recdigestwill 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 operation.

Tablel16: UART Interface

SIO_21UART_TX 2 O SIO_21 (alternative function UART_TX) is an output, set high (in FW).
SIO_220ART RX 3 | ?\I/%TZZ (alternative function UART_RX) is an input, set with infauttaip (in
SIO_23UART_RS 4 O SIO_23 (alternative function UART_RTS) is an output, set low (in FW).
SIO_24UART TS 5 | (SIrI]OF_V%;)'r (alternative function UART_CTS) is an input, set with internrdbpul

The UART interface is also used to load customer devekpadBASIC application script.

4.5 SPI Bus

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

The nodule is a master device that uses terminals SPI_MOSI, SPI_MISP|a6ISPI_CSB is implemented using any
spare SIO digital output pins to allow for mutiopping.

The SPI interface enables full duplex synchronous communication between devices. It suppeesiare (SPI_MOSI,
SPI_MISO, SPI_SCK,) bidirectionsMith fast data transfers to and from multiple slaves. Individual chip select sagrals
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 SPI peripheral supports SPI mode 0, 1, 2, and 3.

Tablel17: Peripheral supports

SPI_MOSI 17 O This interface is an alternate function configurable by
SPI MISO 16 | smart BASIC. Default in the FW pinahd 17 are inputs. SPIOPEN() in smart
= BASIC selects SPI function and changes pin14 and 16 to outputs (when in ¢
SPI_CLK 15 o) master mode).
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4.6 12C Interface

The 12C interface is alternate function on SIO pins, configurabledmgartBASIC command.

The wo-wire interface can interface a-diirectional 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@fedype 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 bugheSCL is the clock line which is always sourced by the master and SDAlireetibhal data

line which can beriven by any device on the bus.

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

Tablel8: 12C Interface

12C_SDA 10 110 This interface is aalternate function on each pin, configurable &partBASIC.
I2C_SCL 9 I/O [2COPEN() smartBASIGelects 12C function.

4.7 General Purpose I/O, ADC and PWM/FREQ

4.7.1 GPIO

AllSIO pins are configurable bsnarBASICTheycan be accessed individualBach has the fébwing user configured
features:

Input/output direction

Output drive strengthi(standard drive 0.5nA or high drive 5mA)
Internal pull up and pull down resistors (K3typical) or no pullip/down
A Wakeup from high or low level triggers on all pins

4.7.2 ADC

The ADC is an alternate function fmur selectSIO pins, configurable IsynartBASICThis enablesampling up tdour
external ggnals via an internal MUX to the 10 bit ADBe ADC has configurable input f@aling and sample resolution.

4.7.2.1 Analog Interface (ADC)

Table19: Analog interface

N N

10 bit resolution. Voltage scaling 1/1, 2/3, 1/3.

AIN¢ Analog Input 17 I This interf ) | . ) h oionfi ble b
AINC Analod Input 1 | is interface is an alternate function on each pnfigurable by
G Analog ‘npu 8 smartBASICAIN configuration selected using GpioSetFunc() function.
AIN¢ Analog Input 19 I
|

AIN¢ Analog Input 20

4.7.3 PWM and FREQ Signal Output on up to Two SIO Pins

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

The ability to output a PWM (Pulse Width Modulated) signal or FREQ output signal otwapG®10 (S10) output pins can
be selected using GpioSetFunc() function.

PWM outputsignal has a frequency and duty cycle propePWM output is generatedsing 32bit hardware timersThe
timers are clocked by ane-MHz clock sourceFrequency is adjustable (4p 1 MHz)and the Duty cycle can be set over
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range from 0% to 100% (both configurabledoyartBASIC commandjlote, the frequency driving each of th SIOpins is
the same but the duty cycle can be independently set for each pin.

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

4.8 nRESET Pin

Table20: nRESET pin

HW reset (active loyvPull the nRESET pin low for minimum
NRESET 22 ! 100mS in order for th&M1xxto reset.

4.9 nAutoRUN Pin

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

A Selfcontained Run mode
A Interactive / Development mode

410 RM1xx VSP Service and Modes

This section discusses VSP Command mode through pulling SIO_28 high and nAutoRUN low externally. Read this section in
conjunction with the VSP Configuration chapter of Bid1xx BLE Peripheral smartBASIC Extensions Guide, available under
the documentatiortab of the Laird RM1xx product page, available at

https://connectivity.lairdtech.com/wirelessnodules/lorawansolutions/sentriusrmlxxlora-ble-modules

Note: vSP modes are only available in peripheral firmware.

Figure7 shows the difference between VSP Bridge to UART mode and VSP Command mode and hoan8IQARBRUN
need to be configured to select between these two modes.

A VSPBridge to UART modtakes data sent from phone or tablet (over BLE) and sends to RM1XX to be sent out of the
RM1XX UART (therefore data not stored on RM1XX).

A VSP Command modakes data sent from phone of tablet and sends to RM1XX and stores that dagaRM1XX.
The OTA Android or iOS application can be used to downloashaaryBASIC application script over the air to the

RM1XX.
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V'SP service

SIOl 28

Phone

or
Tablet _ NAUtoRUN
VSP Bridge to UART mode
________________________________________________________________ >
VSRCommand mode Out to UART

Store in RM1XX

Figure7: Difference between VSP bridge to UART mode and VSP Command mode

Table21: vSP Modes

VSP Bridge to UART Mode Externally held HIGH Externally held HIGH
VSP Command Mode Externally held HIGH Externally held LOW

SIO_28 High (externally) selects the VSP seaicktogether when nAutoRUNadsoLow (externally) selects VSP
Command modelf SIO_28 is High amdhilst nAutoRUNs High (externally)thisselects VSP Bridge to UART mode.

When SIO_28 on module is set HIGH (externally), VSP is enabled aibdidgieol to UART when connected. However, for
VSP Command mode, adboidge to UART is not required. With SIO_28 séfighand nAutoRUN set to LoWSP
Command mode is entered and you can then download the smartBASIC application onto the module ovéha)air
from the phone (or tablet).

411 Two-Wire SWD Programming/Debug Interface

Note: JTAG required for upgrading between Central and Peripheral &irsaw

nRESET (SWDIO) 22 10
NC (SWDCLK) 23 |

The connectofor the (2Wire SWD Programming/Debug Interfab&pN isas follows:

JPINotel FTSHLO5 Header, 1.27mm, SMRQ-way, FTSHL05-01-L.-DVSamtec

Note 1: Referencehe RM1xxdevelopment board schemati€igure8 shows the wiring for th@-Wire SWD
Programming/Debug Interfaceonnector andRM1xxmodule hidder2-Wire SWD Programming/Debug Interface

pins.
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VCC_10
1P1
1 2 nRESET/SWDIO (RM1xx Pin 22)
g g SWDCLK (RM1xx Pir23)
. %
H B
FTSH-105
N/
GND

Figure8: Wiring for 2-Wire SWD Programming/Debug Interfaamnnector toSWD Programming/Debug interfacen RM1xx module

4.12RM1xx on-board 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 sectiétCB Layout on Host PCB for RM@allow the onboard antenna to radiate and
reduce proximity effects due to nearby host PCB GND copper or metal covers.

RM1xxon-board antenngpart number:ACXAT5026E3ROHBANLF
5 HARDWARE INTEGRATION SUGGESTIONS

5.1 Circuit

TheRMixxa SNA Sa Y2RdzZA S A& Slhae G2 AydSaNIGS NBldANRYy3 y2 SE
required bycustomerfor development and irtustomersend application.

Checklist (for Schematic):

A VCC
The module Vcc shalibe chosen to optimizeither range or power consumption and must be within thedid
operating range and noise/ripple specificationRi¥11xx Pins VCC_BLE and VCC_LORA should be tied together and
decoupling capacitors for filteringhould be added cloge the module VCC pin¥he supply must be able to deliver
enough current for the sum of the BLE and LoRa transmitter currents for the chosen Vcc (plus reasonable headroom).
Poweron reset circuitry withiRM1xxseries module incorporates browout detecor, thus simplifying power supply
design. Upon application of power, the internal poveer reset eisures module starts correctly.

A AIN (ADC) and SIO pin IO voltage levels

RM1xxSlOoperatingvoltage levels aréfom 0V toVCC. Ensure input voltage level®i8lOdo not exceed/CC 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 ADC, a voltage highan 3.6V then one can connect a high impedance 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 impedance values of a voltagjgider 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 divider presents high
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) impedance is
200k-600k and lowers the AIN voltage. However, when the capacitor is connected it

https://connectivity.lairdtech.com/wireless 25 Americas +1-:800-492-2320
modules/lorawansolutions © Copyright 209 Laird. All Rights Reserved Europe +441628858940
Hong Kong+8522923 0610



RMi1xx LoRa/BLE Modules Lall‘d —» CONNECTIVITY

Datasheet

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 required 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. During the sampling period, multiple samples
are made and the ADC output value is the mean value from the sample pool. The sample
pool is created during 20 us period for 8 bit sampling, 36 us period for 9 bit sampling, and
68 bit period for 10 bit sampling.
A Two-Wire SWDProgrammng/Debug InterfacgJTAG)
Add 2-Wire SWD Programming/Debug Interfaxedetailed in sectio-Wire SWD Programming/Debug Interface

Note: Required if upgrading between central and peripheral firmware capabilitypevitiecessary during
production

A UART
The UART igquired for loading customesmarBASIG@pplication and firmware. Add connector to allow UART to be
interfaced to PC (VIBART(RS232 or UARUSB).

Note: Not capable of upgrading between central and paeral firmware via UART.

A UART_R¥4ndUART_CTS
SIO_22 (alternative function UART_RX) is an input, set with internal wealpirl FW)The pullup prevents the
module from going into deep sleep when UART_RX line is idling.
SI0_24 (alternative functiddART_CTS) is an input, set with internal weakdmuin (in FW). This pedlown ensures
the default state of the UART_CTS will be asserted which means can send data out of the UARTh Th¢ lezse
when UART_CTS is not connected (which we do not reemi)n
A nAutoRUN pirand operatingmode selection
nAuUtoRUN pin needs to be externally held high or low to select between th&Mixxoperating modest power
up:
T Self-contained Run mode (nAutoRUN pin held at OV).
T Interactive/development mode (nAutoRUN pin held at VCC).
A Make provision to allow peration in the required modeAdd jumper to allow nAutoRUN pin to be held haghow
(via 10K resistor) OR driven by host GPIO.
A 12C
It is essential to remember that ptib resistors on bott2C SCL antRC SDA lines are not provided in tHRM1xx
module and MUST be provided external to the module as per 12C standard.
A SPI
Implement SPI chip select using any unused SIO pin withirsgrantBASCapplication script then SPI_CS is controlled
from smarBASCappliation allowing multidropping.
A SIO pin direction
RM1xxmodulesshipped from production witsmartBASIGuntime engine P\ | £ £ { Lh LIAYya 06A 0K
G5Lhé0 FNB Yzadfe RA 3IRahle2X UsdygutSUmrBASHC dplEation/sofifat ghangelthé A G A 2 v &
directionof anySIO pirthat is required to be an output in your desighlso these SIO pins that are inputs have by
default (in FWhaninternal pultup or pultdown resistorenabled (see PiDefinitionsTable2). This wa done to avoid
floating inputs (which can also cause current consumption in low power modes (e.g. SEowHyto drift with time.
In any case customer can disable the BUP through theismartBASIC application.
A SIO 28pin and Over the AismarBASIC application download feature

SIO 28is an input, set with internal putlown (in FW). Refer to latest FW release documentation on how28i®
used for Over the AsmartBASIC application download feature. 8pin has to be pulled high externalio enable

a
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the feature. Decide if this feature is required in production. When 38@ high, ensure SIO52ZnAutoRun) is NOT
high at same time, otherwise you cannot load #martBASIC application script.

NRESET pin (active low)

Hardware reset. Wire oub push button or drive by host.

By default module is out of reset when power applied to VCC pin

5.2 PCB Layout on Host PCB - General
Checklist (for PCB):

b

> > > >

> >

&

MUST locate RM1xx module close to the edge of PCB (mandatory for RM1xsbt@mrdrchip antenna toadiate
properly).

Use solid GND plane on inner layer (for 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 coppéut place GND vias regularly to connect copper flood to
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 tracs to avoid noise being picked up on VCC supply and AIN (analogue) and SIO (digital) traces.
Ensure no exposed copper beneath the module (refer to land pattern of RM1xx development board).

.2.1 BLE Chip Antenna Keep-out on Host PCB

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

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

A The RM1xx development board has the RM1xx module on the edge of the board (not in the cbheeantenna
keepout area is defined by the RM1xx development board which was used for module develof@meé@intenna
performance evaluatiohis shown ir~igure9, where the antenna keeput area is composed of PCB dielectric (no
copper) sitting under the RM1xx antenna.

A Adifferent host PCB thickness dielectric will have small effect on antenna.

A The antennseepout defined inHost PCB Land Pattern and Antenna Keepppties when the RM1xx is placed in
the corner of the host PCB. When RMBM cannot be placed as such, it must be placed on the edge of the host PCB
and the antenna keep out must be observed. An example is showiguime9.
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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

i

Figure9: Antenna keepout on DVMRM1xx PCB (shown in red) with RM1xx module placed near the corner

Note: 1. RM1xxmodule placed on edge of host PEBse to the corner of the PCB)

2.Coppercut gl & 2y |t | aBSdibcakhogtP@B yiSyyl YSSLJ

5.2.2 Antenna Keep-out and Proximity to Metal or Plastic

Checkilist (for metal /plastic enclosure):

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

A Metal close to the RM1xx chip monopole antenna (bottom, top, left, right, any direction) will have degradation on the
antenna performance-How much; that is entirely system dependevitich means some testing by customer required
(in their host application).
A Anything metal closer than 20mm will start to significantly degrade performance (S11, gain, radiation efficiency).
A It is best that the customer tests the Range with magk(or atual prototype) of the product to assess effects of
enclosure height (and material whether metal or plastic).
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5.3 LoRa External Antenna Integration with RM1xx

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 impeéance is 50 ohmsSeeTable22.

Table22: LoRa External antennas for the RM1xx

RFDPA131015IMBB301 060000060  Walsin Dipole 0.9 U.FL RM191/RM186

WPANTDPO3R5A - World Dipole 2.0 U.FL RM191/RM186
Products

S152CIL-PX915S - Nearson Dipole 2.0 U.FL RM191

S152CIL-PX%868S - Nearson Dipole 2.0 U.FL RM186

6 MECHANICAL DETAILS
6.1 RM1xx Mechanical Details

o 01241n 0.028n
4—| (3.150 mm) I ©.711 mm)
Pin 1 — J —L | -
n —
0,0 00,0 oo ] &
1.00in o o (1.016 mm) L 0.660 in
(25.40 mm) O O 16.764 mm
o o T ‘ ’
0.060 in
O O (1.524 mm) i
F O 000 o r: A
0.077 in )
1.00 in 0.045 in = (1.956 mm) 0.140 in
(25.40 mm) (1.143 mm) (3.556 mm)
Top View Side View Bottom View

Figure10: RM1xx Mechanical drawings

Development Kit Schematics canfbendin the Documentation tab of thRM1xxproduct page:
https://connectivity.lairdtech.com/wirelessnodules/lorawansolutions/sentriusrm1xxlora-ble-modules
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6.2 Host PCB Land Pattern and Antenna Keep-out for RM1xx

Application Notes

1. 9y&adz2NB GKSNB Aa y2 O2LIISNI AY GKS FyidSyyl Ww{SSLI 2dzi |
hardware or any metal clear (Referid?.2 on of the area to reduce effects of proximity detuning the antenna
and to help antenna radiate properly.

3. Forbest BLE chip antenna performant® module MUST be placed on the edgetef host PCBoreferably in
the cornel) with the antenna facing the corner.RM1xxs not placed in cornebut on edge of host PCB, the
FydSyyl aYSSL) hdzi ! NBF¢ A& SEGSYRSR 604S8SS b2iGS noo
4. RMlxxdevelopment board haan RM1xyplaced on the edge of the B®oard (and not in corner) the Antenna
keep out area is extendenlit to the corner of the development board, see secti®@B Layout on Host PCB
General This was used for module development and antenna performamakiation.

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.
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