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1. Introduction

Monarco HATIis an adéon board which provides inpwdutput interfaces following industrial
automation standards for the Raspberry Pi (B+ and newer) minicomputer. It is designed according to
the HAT (Hardware Attached on Tamttps://github.com/raspberrypi/hats; specification.

Here is a brief overview which functions the Monarco HAT provides:

1
1

= =4 =4 =

=A =4 4 =

Power supply10-30 VDC, powers also the Raspberry Pi
4 Rdigital IN: 24 V tolerant5 V TTL compatibleptical isolationcommon GND
0 2Pcounter (pulse/DIR) or Rencoder (A/B), up t&00 kHz
n P RA Jopdntrdin, majx 40 BG 1 A per channel continuous
o all with up to 100 kHz PWM
0 shortcircuit protection (continuous)
2 Ranalog IN:0-10 V / G20 mA, 12bit
o0 electronicswitching of voltage/current mode
0 protected against overvoltage and reverse polarity
o 500 Hz bandwidth
H P | yI @18 ¥, 0.b ings&itling time, At
M P48Bmfith ESD protection
M  MWiravbus with ESD protection
9 RLED indicatorby defaultindicate statusof digital inputs and outputs and system status,
can be switched to user controlled mode
High quality pushkin terminals, detachable connector
Battery-backed RTC chifor keeping the track of time
Hardware watchdodor powercycling the Raspber®i in case of failure
Aluminum casdor Raspberry Pi + Monarco HA&ady for DIN rail mounts available

Image 1.1: Monarco HAT board mounted on Raspberry Pi, with detached terminals connector.
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2. Monarco HAT Overview
Note: S (1dzNFa RSy2GSR o6& dafFé FFNB OdaNNByidfe o6SAy3

Additional documentatiorand resourcesan be found onhttp://monarco.io

2.1. System Design

Monarco HAT is based around ARM Ceai microcontroller (MCU) which provides a wide set of
embedded peripherals missing on thadpberryPi itself. It is PWMs for all digl outputs, versatile
counters including quadrature encoder signal decoders, digitahalog and analetp-digital
converters and more. ARM MCU can also provide very deterministic 10 timing in compare to
Raspberrpiwith Linux. We have chosen the ERMZeries MCU from Silicon Labs with 16 kB of RAM,
64 kB of FLASH memory and 32 MHz crystal clock.

Raspberry Pi Monarco HAT
L—| P3 SWD Debug 1
Xo
@ PLL uart bo P2
< » ><1
D sPi | Mcu =Y Of Rs-485
< 7800 > +E Q)| 4 x Digital Out
- > <]ixy Q)| 4 x Digital In
4 x GPIO EFM32 N
< > 1= Q| 2 x Analog Out
P ID-C, WR-EN ARM - Ol 2 x Analog In
N Y Cortex-M3 Y €
ID > NF 9 x LED
EEPROM
i N
< < 7 v 55O 1-Wire +5v
< +5V-RPi 5 T
:I: m—? RTC Controller —O| 1-Wire DATA
5V P4l | +sv-RPi +5v2A 4
output 2 Power Supplies 10-30V
. < +5V-1W +3.3V 250mA - k=
for display T :12\, SOmT 1 and Switches _'?_ Power Input

Image 2.1: Monarco HAT system design schematics.

MCU also handles the R85 interface. By default, data are forwarded between485 and
Raspberry's UARI both directionswith correct buffering for halfluplex operation.

The primary communication channel between the MCU and the RaspBes\s5Pl. ThMICUUART
can be also used fdn-system MCU firmware upgrade by btiiit bootloader. For MCU reset and
bootloader activation, 2 GPIO signals from the RPi are usisd. 4 GPIO signals from tRPiare
routed to the MCU for optinal use.

Monarco HAT also contains a Real Time Clock (RTC) backed by a(G#RtE225 typeand FWire
bus controller. These areonnected by 12C bus directly to the RPi. The MCU has also access to 12C
bus for case the Monarco HAT would be used as independent board withoutdrgspi.

As industrial power supply standard is 24 volts, Monarco HAT has a switching power supply
integrated which accepts 10 toQ3volts input. The power supply block generates +12V, +5V and
+3.3V rails. RPi (and also an official 7" touchscreen if you have one) is powered from +5V rail which
can be switched off by the MCU to reset the RpPiHost Watchdog furction implemented in the
MCU(needs to be enabled, please see SPI protocol specificatidsy the 5V output for-Wire bus
isuserswitchableto reset devices on the bus or any other device connected

5
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2.2. Board Layout

Following image shoswoard layout withconnectors on the top side highlightedP1 (Raspberry Pi
header), P2 (input and output signals), P3 (MCU debugger), P4 (display 5 V power output).
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Image 2.2: Monarco HAT board layautop side.

On the bottom side, location of battery holder BAT1 &afDO to LEDS indicators are highlighted.
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Image 2.3: Monarco HAT board lay@uBottom side.
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2.3. Software Integration

The latest Monarco HAT MCU firmware, software tools and instructions for upgrading are available
from the GitHub repository:

https://github.com/monarco/monarcehat-firmware-bin

Monarco HAT software integration is officially supported on the RaspberiPiand newer) and

the UpBoard (original version mechanidglcompatible with Raspberry Pi B+) wiRlaspbianDebian
GNU/Linux operating systenusing Monarco HAT on these platforms should be as h&eseas
possible and we regularly test compatibility with current releases. Using other operating systems or
over different boards with compatible pinout should be possible with some effort, but it would need
a good understanding of operating system and hardware internals.

More information about embedded ID EEPROM which contains da@e®verlay for the Raspberry
P can be found in chapte3.1.2

Software libraries forusingMonarco HATwith some of the most populaprogramminglanguages
and platformsare available fronthe followingGitHub repositories

1 Clanguage driver library for the Monarco HAT

0 https://github.com/monarco/monarcehat-driver-c
1 Node.js driver library for Monarco HAT

o https://github.com/monarco/monarcehat-driver-nodejs
1 NodeRED driver library for Monarco HAT

0 https://github.com/monarco/nodered-contrib-monarca-hat

Communication protocol over SPI bus, which is the primary interface for inputs/outputs connected
through Monarco HAT, is fully open and documented. The latest documentatioommunication
protocol and other resources like schematics and mormitkrl information about integration with
Linux operating system asvailable from the GitHub repository:

https://github.com/monarco/monarcehat-documentation

! https://www.raspberrypi.org/
2 hitp://www.up -board.org/up/
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3. Hardware Description and I/0O Connection Examples
3.1. Connecting Raspberry Pi (P1)
3.1.1.Interface Specification

Connectorype:H PH n Wi piteh @geketon bottom side, long pinare availableon the top
boardsidefor connection of additional devices to 10s not used by Monarcd HA

P1 ¢ Raspberry Pi 40pin Head@pins not listed below are not used by Monarco HA

Pin no.on header RPiSgnal Connection /Note

2,4| +5V Power supply to the RPi
SDA GPIO2 12G1 datag RTC, Wire

5| SCL GPIO3 12G1 clock¢ RTC, WVire

8 | TXDQ GPIO14 | UART Tk MCUPE11 USARTO
10 | RXD@ GPIO15 | UART Rg MCUPE10 USARTO
16 | GPIO23 Optional use, MCU PB7
18 | GPI1O24 Optional use, MCU PB8
19 | MOSI GPIO10 | SPIG; MCU PC2 / USART2
21| MISO/ GPIO9 | SPI; MCU PC3/ USART2
23 | SCLKGPIO11 | SPIO; MCU PC4 / USART2
24 | CEO# GPIO8 SPIQ; MCU PC4 / USART2
27 | ID_SD GPIOO | 12G0datac ID EEPROM
28| ID_SCGPIO1 | 12GO0 clocke ID EEPROM

29 | GPIO5 Optional use, MCU PA4
31| GPIO6 Optional use, MCU PA3
37 | GPIO26 ID EEPROM Write Enable (low activ
38 | GPIO20 MCU Bootloader Enable (high active
40 | GPIO21 MCU RESETN (low active)

6, 9, 14, 20, 25, 30, 34, 3 GND Ground

Raspberry Pi 1Os in use by Monarco [gA® not usethese as GPIO®r your applications

1 SPI0 with CEOPrimary éita communicatiorchannelwith Monarco MCU

UART0: R$485 forwarded through MCU (can be disabled) / MCU firmware update
I2G1 (SCL, SDAReal Time Clock;Wire controller

I12GO0 (ID_SC, ID_Sy: EEPROM according to the HAT standard

GPI1026tD EEPROM write enable

GPIO20GPIO21MCU bootloader enable, MCU RESEDo not touch!

GPIOO05, GPIO06, GPI023, GPI@ptional use with MCU's GPIO (normétfigse signalsan
be freely used, MCU keeps #m floating)

=A =4 =4 =4 -8 4
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3.1.2.1D EEPROM

Monarco HAT contains EEPROM with desie-overlay which is automatically loaded by
Raspberrpi bootloader. This overlay enables SPI interface and 12C with real timeMIGEX 941D
and XWire controller DS2482100) device nodes.

Note for Raspberry Pi 3In default configuration, UARTO (ttyAMAO, PLOWART) is used for
embedded Bluetoth interface on Raspberry Pi 3. Monarco HAT EEPROM overlay automatically
remaps UARTO (ttyAMADO) to a standard location (header pins 8, 9) and UART1 (tty&DARTINito

Bluetooth controller¢ 2 dza G € A 1 S pi&iirfuartdt® S NINRPPA KSR o6& wl aLdAl
configuration may be needed to make Bluetooth working because UART1 has limited funcfionality

Use Raspbian version released at 200%27 or later with Raspberry Pi,&s this version introduced
hciuart.service configured to useseriall device, which is aliased ttySO with Monarco.

The EEPROM contaid&Tidentification which can be read iproc/device - tree/hat/

9 vendor: REX Controls

9 product: Monarco HAT

1 product_id: 0x0001

9 product_ver: Ox <dt v>106 (may be changed with future hardware revisions)
M uuid: fe0f39bf - 7c03-4eb6- 9a91- df86lae5abcd

Where <dt v> is a version of devietree-overlay structure. In very rare cases internal devree
format can be incompatibly modified between Linux kernel versidassion history:

1 0:initial version foRaspbian Linukernel 4.4 since 06/2016
1 1: updated version for Raspbian Linux kernel 4.9+ which introduced incompatible rename of
serial ports related devietree nodes, since 06/2017

Monarco HAT boards are shigb&ith version compatible with the latest released Raspbian at that
time. After Raspbian upgrade between incompatible versions, additional deee®verlay file can

be manually applied, or ID EEPROM can be upgraded to the new format using firmwang flash
More information can be founth the Monarco HAT Documentation GitHub reposifory

Note for owfs/owserver users:Devicetree overlay provided in EEPROM leads to automatic load of
Linux kernelwl family drivers. If you want to usewfs/owserver userspacedaemon, we
recommend disabling kernel drivers and uge - dev directly from owserver for performance
reasons. The most appropriate waydisable Linux kernel drivers and enai@le - dev is to execute:

echo "blacklist ds2482" > /etc/modprobe.d/ bl acklist - ds2482.conf
echo "i2c -dev" > /etc/modules -load.d/i2c - dev.conf

3 Option core_freq=250 should be set in /boot/config.txt because baudrate of MiMART is tied to core
frequency. Baudrate ihciuart.service should be changed to 115200

* https://github.com/monarco/monarcehat-documentation

9
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3.2. Connecting Input and Output Signals (P2), LED Indicators

3.2.1.P2 Terminal Connector Pinout

Connectotype:H R

MO

g ANB RS | - &yktént bg PhieRiNGoAtatt & >

1 Boardside type DMC 1,5/13G1F3,5LR P20THR (1787124)
1 Plug side typeDFMC 1,5/185F3,5LR (1790593)

P2 ¢ Input and Output Signals
1| GND IN; Ground / Power in 0 V 2 | +24V IN; Power in +10 to +30 V
3jw{nypb Kk w{nyp 4 | RS485+ / RS485 A Wire
5 | GNDc¢ Ground 6 | GND¢ Ground
7 | 1W DATA 1-Wire bus Data 8 | 1W 5V OUT 1-Wire bus Power
9 | DOUTX Digital Out 1 10 | DOUTZ, Digital Out 2
11 | DOUTZ, Digital Out 3 12 | DOUT4, Digital Out 4
13 | GND¢ Ground 14 | +24V OUT Power output
15|5L b /¢mital In.Common 16 | +24V OUTE Power output
17 | DIN1¢ Digital Input 1 18 | DIN2¢ Digital Input 2
19 | DIN3¢ Digital Input 3 20 | DIN4¢ Digital Input 4
21| AIN1¢ Analog Input 1 22 | AIN2¢ Analog Input 2
23 | AGNDx Analog Ground 24 | +24V OUT, Power output
25 | AOUTX Analog Output 1 26 | AOUTZ; Analog Output 2
-
3 55 5
p
S8.,35523 S 5
(o) o Yl | NS NS |
sSd2=00d8d=z2=z=237 o0
+x0Oda00 + +009C + <
e s e e e s s
@OEOOO@WEEE@EE)E
OOEOOMEEO®®E@E)
:::I:II:II:II:II:II:II:II:II:II:II:II:I:D
| -l ™ | = N i
Z=p2EEE5E2352222E
S ¢ 03 Oooa=<y
53 582°8°°%<2¢8
O E =
o

Image 3.1: P2 inpubutput terminal connector pinouview from connector terminals side)

10
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3.2.2.LED Indicators

There are® LED indicators on board bottom side under the P2 terminal connector. These are divided
into three groups with predefined functions:

1 LEDO (orange; Monarco HAT fmware status:
o Fast blink (5 Hz, 1:dfirmware running outputs in safe state (no valid procafata
receivedduring configuredtimeout interval).
o Slowblink 0.5Hz, 1:1)firmware running, outputsinder control byproces data.
o Continuous on: after Host Watchdog was triggered.
1 LED1 to LED4 (greenbigital outputsDOUT1 to DOUT4 state indication.
1 LEDBto LEB (green)q DigitalinputsDIN1 to DIN4 state indication.

AllLEDs are controlled by dedicated microcontroller pinsthgy can be controlled by user provided
process datanstead ofthe predefined functionPlease see SPI protocol specification for details.

11
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3.2.3.Digital Inputs(DIN)

Description and Electrical Design

Monarco HAT has 4 digital inputs isolated by a high speed optocouplers. Digital inputs have a
common ground (minus pole) so they are sipke inputs.

Voltage levels are designed to be compatible with bothaddustrial sensors and\bstandard logic
with tolerance tonegative voltage up to 30 volts.

1 Logic low voltageb30 V t01.8 V
9 Logic high voltage3.5 Vto 30 V
1 Input current:0.8 mA (at 3.5 V) to 9.0 mA (at 30 V)

| SNB 4SS akK2g || FS6 SEIFYLIE S&a 2F RSOADpus: 6 KAOK OF y
9 dry contacts (switches, push buttons, relgys)
9 proximity sensors with 10 V to 30 V power supply and PNP (source, switching to plus) or NPN
(sink, switching to zero) output
9 standard PLC sourggpe 24 V outputs
standard 5 V logic outputse.g. 5V encoders, logic gates
9 open drain outputs with pullp which is able to supply at least 3.5 V/ 0.8.mA

=

Monarco HAT
Clj +24V IN £ 3 +24V OUT $
2 16
DIN4
TLP2161 3k3

_0@ 3k3
<]

(P GND IN GND é

Image 3.2: Digital inputs internal implementation.

Technology Function®verview

Thanks toan ARM microcontrolleembedded in Monarco HATigitalinputs (and also outputsgan
be used also with advanced technology functions, which are not possible with Raspberry Pi
integrated GPIQssuch as

9 pulse counter, with optional direction signal
1 quadrature (A/B) encoder counter
1 * measurement of frequencyperiod/ pulse length.

12
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Monarco HAT  switch / dry contact PNP (source) NPN (sink)
push button proximity sensor proximity sensor

PNP OUT 9
NPN OUT 9

+24V OUT

+24V

+24V

3k3
—
0

ov

quadrature encoder standard industrial PLC
with 5V TTL outputs 24V source-type output

>
in
rh

phase B

5V
phase A - OUT x

II+

GND

Image 3.3: Digital inputs connection examples with various sensor types.

For these functions, digital inputs are able to handle signals with frequency %GOtkHzMoreover,
the counters values can be automatically stored to nonvolatile (flash) memory in case of power
failure and then loaded badkinder development)

Here are a few examples of deviaglichoutputs can be handled by Monar¢tATDIN:

utility meters(electricity, gas, water) with pulse output

standard quadrature encoders for position/velocity measurement

gear tooth sensorfor position/velocity measurement

motor controllers with pulse/diection or quadratureositionoutput,

various industrial senss (temperature, pressure, distance) with frequency output

= =4 =4 4 =

There is also a configurable input filter to remove short glitches on digital inputs implemented in
M2yl NO2Q&a FTANNGI NBO®

13
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COUNTERechnology Function
There are two COUNTER hardware functiadules available:

T COUNTER4Input channels A = DIN1, B = DIN2,
1 COUNTERZInput channels A = DIN3, B = DIN4, C = D(§Rared with COUNTERL1).

EachCOUNTERodulecontains 16bit hardware counter which can count up or down. Counter value
wrap-around on overflow.

Several function modeare available for each COUNTR&dule

1 MODE = 0: disabled
1 MODE = 1: pulse counting on input channgel A
1 MODE = 2: quadrature encoden input channels A B

In mode 1, additional configuration is availakhleount direction:

1 DIR= 0: upcounting,
1 * DIR=1: direction given by channel B input, low =agunting, high = dowsgounting,

and input channel A active edge:

1 EDGE = 0: count oising edge,
1 EDGE = 1: count on falling edge,
1 EDGE = 2: count on both (rising and falling) edges.

COUNTER?2 provides additio@unterCapturefunction which allows you to storastantaneous
counter value in auxiliary data register when active edge oatinpannel C occurred:

1 * CAPTURE = 0: capture function disabled,

1 * CAPTURE = 1: capture on rising edge,

1 * CAPTURE = 2: capture on falling edge,

1 * CAPTURE = 3: capture on both (rising and falling) edges.

Note: COUNTER#o0dulecannot be activated simultanesly withPWM2 module.

14
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3.2.4.Digital Outputs (DOUT)

Description ancElectrical Design

Monarco HAT has 4 digital nésolated operdrain outputs. The opedrain topology was chosen for
best flexibility in connecting various devices.

Outputs are able to sink upp 1 A current, which is enough for direct connection of a robust
contactor coil or a small DC motor. Maximal switching voltage is 48lI\butputs are protected
against shorcircuit, peak overvoltage and driver thermal overload.

To allow directonnection to a standard 5 V CMOS/TTL logic inputsuputsistors (1.XOhm) with
a diode to 5 V rail are integrated.

Monarco HAT
Cljz +24V IN L [: % +24V OUT

+5V

1k2

VNS1NV04

Control
&

Protection

B g
1o

(P GND IN

Image 3.4: Digital outputs internal implementation.

Monarco HAT o relay 5V CMOS/TTL standard PLC
amp coil logic input 24V sink-type
+24V OUT - ) mout
DOUT4 ~
~
~
DOUT3
11 —
IN x
DOUT2 \/
10
DOUT1 ; M
LJ A
T 540V |+ z
o
o +5V e
GND

j13,

Image 3.5: Digital inputs connection examples with various actuator types.
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Technology Function®verview

Digital outputs can be also iken byadvanced technology functions, which are not possible with
Raspberry Pi integrated GPIOs:

1T PWM (Pulse Width Modulatorjvith frequency widely adjustable in continuous range
1 Hzto 100kHz,which can be also considered awersatilesquarewave generator which
period and duty cycle is controlled by cyclic process dat@ingfrom Raspberry Pi
 PULSBIRgenerator for motion controlo &SR 2y &ASNIW2 RNAGSAE A (K
(Note: willbe available in future firmware releage

Here are a few examples of deviagkichinputscan bedrivenby Monarco HAT DOUT with PWM

1 solidstate-relays for power modulation of various lighting or electric heating elements,
1 DC motorswith a proper Horidgepower stage,
T avylLtft aSNIB2 Y2i2NE ¢ msitK2nispulse widdhnghetal). (& LIS A y Lidz

PWM Technology Function

There are two PWM hardware function modules available:

1 PWML ¢ Output channels A = BDUTL, B = U2, C = DOUTS3,
1T PWM2 ¢ Output channek: A = BDUT4.

Each PWM module contains 16bit internal counter clocked by 32 MHz clock with selectable prescaler

(1, 8, 64, 512, other values possible with firmware modification) and TOP value register. Counter

value is incremented from zero up to TOP by padsd clock. For each output channel there is a

CMPXx register which represents PWM modulated value for given channel. Thaalsytechronous

buffering on both TOP and CMPx registers, output signal is phase correct when changing both
frequency and modulag valuet NS & OF €t SNJ aSt SOUA2y Aa y20 0dzFFSNEB
data are received so switching it during operation can lead to unexpected behavior.

b2iSY CNRY (GKS RSAONRLIIAZ2Y 020S AlQa 200X 2dza
common output frequency.

Note: PWM2 module cannot be activated simultaneously with COUNTER2 module.
Output frequency is given by formuldswy= 32 MHz / prescaleii TOP)

Whereprescalercan be { 1, 8, 64, 512 }, aii®Pcan be 0 t®65532- it is represented by 14bit value

in process data and then multiplied by 4. Modulated value is represented by 16bits in process data
and internally scaled to 0 tdOPrange. Lowest possiblprescalershould be preferred for given
frequency, because it éals to bigger value afOPand so better resolution of modulated value.

prescaler recommendedrange low boundary recommendedrange high boundary
1 X M TOP =32000 X w~nr TOP =320
8 X M TOP =40000 <1kHz TOP = 4000
64 X M TOP = 50000 <100 Hz TOP =5000
512 X M TOP =62500 <10 Hz TOP = 6250

16
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3.3. Connecting ARM Debugger (P3)

T

T

There is a space fotamdard 9 (10) pin ARM Cortex debug conneetith SWD (single wire
debug) interface on board, markedt o @ b2 NXI ff& @&2dz R2 y2i
populated. If you want to hack Monarco MCU firmware, proper header can be soldered in
(2002151100010T4LF type by FCI).

Compatible with ".LINK PINCORTENM ADAPTER" provided by Segger

P3 ¢ ARM MCU Debug Interface
1|VCC3.3Vv 2 | SWDIO
3| GND 4 | SWDCLK
5| GND 6 | SWO
71c¢C 8 | Not Connected
9| GND 10| RESETn

3.4. Connecting Power for Touchscreen Display (P4)

T

=

Monarco provides dedicated connector, marked as P4, \BitMDC output to power a
touchscreen display connected to tiRaspberry PWe tested this with the official Raspberry
t A Tauéhscreen Display.

Output is switched off together with Raspberry Pi 8put by Host Watchdog.
Availableoutput current seeTechnical Specifications/ ~ Power Supply chapter.
Compatibleconnectorplug type:DF32S2C by Hirose

P4¢ 5 VDC output for touchscreen display

1| GND 2|5VvDC

17
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4. Technical Specifications

4.1. Mechanical

f Board shapeCompatible with the HAT (Hardware Attached on Top) staridard
I Board dimension€5 mm x 56 mm, 3 mm radius corners.
1 Height:
0 Spacers between Raspberry Pi and Mon&tad 12 mm
o Board thicknesst.6 mm
0 Highest componenin top(P2 connector11 mm
1 Note:Can be used with the display cable attached to the Raspberry Pi.
1 Aluminumcase dimension€3 mm x60 mm x40 mm éee drawingn ch. §

4.2. Environment

Ambient operating temperaturen ¢/ G2 pp c/

Ambient operating humidityt0 % to 90 % (with no condensation)

Atmospherefree from corrosive gases

Ambient storage tempetare:-h n G2 Tn c/ O6SEOfdzZRAYy3I ol GGSNBO
RoOHS compliant

= =4 =4 4 =4

4.3. Wiring Terminals (P2)

1 Terminalsystem:26 pin detachable connector with push technologyby PhoenixContact
Spring-cage connection just plug the wire in without any tool, easy wire release

f  Wiregauge:from 0.2 mnfup to 1.5 mm (AWG 24 AWG 16)

1 Plug typeDFMC 1,5/15F3,5LR (1790593)y Phoenix Contact

4.4, Power Supply

1 Input (P2)10-30 V (ise at leasiL2 V for analog output 10 V full range)
0 Reverse polarity protection
o0 Overcurrent protection byesettable fuse, 2.2 A trip current
Internal Outputs Rating V, 23A; 3.3V, 200 mA
Touchscreeisplay Output (P45 V, 700 mA
Protection:Peak Current Limit, Thermal Shutdown and Restart
Note: Supply output tahe Raspberry Rand touchscreen displag software switchable from
MCU,which isused forHostWatchdogfeature.

=A =4 =4 =4

4.5. Microcontroller (MCU)

32-bit ARM Cortexv3 core (Silicon Labs EFM32 series)
EFM32G230F128

16 kB RAM

128 kB Program Flash

32 MHz crystal clock

= =4 =4 4 A

° https://github.com/raspberrypi/hats/blob/masgr/hat-boardmechanical.pdf

18


https://github.com/raspberrypi/hats/blob/master/hat-board-mechanical.pdf

Monarco HA'HardwareReference Manu&0190728-1

4.6. Real Time Clock (RTC)

RTC chip typdCP79410 with 32768 Hz crystal
Interface:12G address 0x6f (RTC/SRAM) + QEEEZPROM)
Wiring: connected to Raspberry Pi FAGind to MCU 12C
Battery type:CR1225 or CR1216

=A =4 =4 =

4.7. RS485 Interface

9 Transceiver chip typ&N65HVD75
Data rate:up to 20 Mbps (as per transceiver specification, limited by MCU USART)
1 ESD protection:
o TransceiverinternallEC 6100@-H 2 F dzLJ (2 g4mH 21T ZdzLO 9/ 2 cpvn i
0 Additional- TVS Diode7 V / +12 V around GND
9 Line load3/20 unit load (213 transceivers on line)
Line terminationon-board 120R termination resistor, software switchable
1 Wiring: Connected to MCU UART. Standard function is bidirectional forwarding to/from
Raspberry Pi UART with buffering and4BS DriverEndle signal generation with proper
timing. Alternative functions can be implemented in MCU firmware.

=

=

4.8. 1-Wire Interface

Controller chip typedS2482100

Controller interfacet2C address 0x18

Wiring: connected to Raspberry Pi KFAGand to MCU 12C

ESD proteddn: DS9503 chip

Note:5 V output with software controlled power switch for network reset in case of stuck

= =4 =4 4 =4

4.9. Digital Inputs

Optically isolated, common negative potential
Logc low voltage-30to 1.8 V
Logichigh voltage3.5t0 30 V
Note:input low/high lewels compatible with 5V CMOS logic
Input Resistance3 kOhm + typ. 1.5 V drop
Input currentityp. 7.5 mAat24V,3.5mAat12V,1.2mAat5V
Maximal input frequency500 kHz
Input propagation delay (typical / maximal): 70 ns / 100 ns
Dielectric strength300 V
Optocoupler typeTLP2161
Features:
a) Standard digital input,edectable input glitch filter (under developmeént
b) HW counter, 2 channels (B2, DI2DI4) with selectable function:
A Pulse counter, optional direction signal
A Quadrature encoder counter
A Frequency /Period / Pulse length measuremerftinder developmenjt
Note: counter on DIDI4 cannot be activated simultaneously with PWM2 on DO4

=A =4 =4 4 -4 4 A4 -8 -4 - -9
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4.10. Digital Outputs

= =4 =4 4 4 =4

=

Output type:Open drain, not isolated, internal 1.2 kOhm publ and diode to 5 V
Note: Pultups design with diode enables direct driving TTL inputs, but it's not intrusive when
driving high voltage loads
Continuous current mat: A
Switched voltage max0 V
Maximal svitching frequency100 kHz
Rise time to 5/24 V, 1 kOhm load:to be spedfied ¢
Fall ime to 5/24 V, 1 kOhm load:to be specified;
Driver fault tolerancecurrent limit 1.7 A, thermal shutdown, short circuit protection, peak
overvoltage protection
Driver type VNS1NV04DBE
Features:
a) Standard digital output
b) PWM with configuable frequency up to 100 kHz, up to 16 bit resolutioan all
outputs (Note: PWM function at DO4 exclusive with-DI8 counter functions)

4.11. Analog Inputs

= =4 =4 4 =

HW Resolutionl2 bit (0¢ 4095
Accuracy0.3 %of 10V range (30 mV)
Bandwidth:500 Hz
Input type:Voltage / Current loog software switchable
Configurable softwaréow pasdilter (under development
Voltage mode:
0 Range 10-10V
0 Range20-5V
0 Input load resistancds kOhm
0 Absolute maximum voltage:30 /-5 V
Current loop mode:
0 Range0-25mA
0 Shuntresistancei nn hKY pndm 372
0 Absolute maximum currens o p  Y'!

4.12. Analog Outputs

T

=A =4 =4 =

HW Resolutionl2 bit (0- 4095)

Range0-10V

Accuracy0.5 % of 10 V range, withkOhm load to GND
Settling time0.5 ms (0 to 100% output)

Max load:20 mA sink
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4.13. LEDs
¢ 1P 2N} y3aS> y P 3INBSYy [954
i software controlled from MCU
9 standard functions: system status, digital inputs status, digital outputs status

4.14. |ID EEPROM

=A =4 =4 =

Type:24LC32

Interface:12C (connected to Raspberry Pi according to the HAT standatdiess 0x50
Capacity4096 byte

EEPROM is factory ppeogrammed according to the HAT (Hardware Attached on Top)
specificationlt contains device identification and a device tree ovegage chapte.1.2
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5. Mechanical drawings
Raspberry Pi witiMonarco HAT in aluminum cageady for DIN rail moun{sold separately.

(alldimensions in mm
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