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1 Astronode S overview

1.1 Key features

Worldwide data communication over
satellite
o Encrypted datacommunication
0 2-level 256-bit AES with unique
device key.
0 L-band frequency.
Built-in RTC
Low power communication:
o TX 76mA.
0 RX 48 mA.
Low power mode:
0 Sleep mode:3.9 UA.
0 Deep sleep mode:320 nA.
Power supply: 3.3V.
User UART interface.
Output RF impedance 50 Ohm.
Small form factor module:
0 Size: 31 x 35 mm+/-0.15.
o Weight:5.7 gr +/- 0.2.
Operating temperature:-20°C to 70°C.

1.2 Certifications and approvals

CE, FCCID 2A26901001
RoHS, REACH

Antenna

Application Astronode S

astrOcast

1.3 Typical use cases

- Maritime

o Container tracking
o0 Fishing buoys

- Agriculture

o Fuel management
0 Precision faming

- Environment

0 Weather data
o Flowmonitoring

1.4 Description

The Astronode S is a low power satellite
communication module designed to connect
devices to the Astrocast Satellite 1 network.
Based on an ARM Cortex M33 and a proprietary
ASIC for the radio pat, the module handles bi
directional communication on kband with the
Astrocast satellite constellation.

The modul e®s interface
UART as well as digital IO lines which enable
ultra-low power mode for maximum battery

lifetime.

Data can be stored at any time in the

AstrocastS ®

message

buf f8er

messages and will be sent automatically on the
next satellite pass. Each message features 1 to
160 bytes of payload and will be sent to the
Astrocast data management with end-to-end

encryption.

e

Astrocast
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1.5 Product Image

Astronode S

c ANS2114AS1000025
AST50147-00
FCC ID 2A269-01001

[ ] Designed in Switzerland

1.6 Block diagram

TXD v
RXD ;
EVENT_NOTIF 7 Y A Proprietary e ANTN_RF
WAKEUP Cortex® M33 Radio chip switch
ANTN_USE
RESET Reset
control

Astrocast SA + All rights reserved £ Doc: 0532-DOC-M2M-ASTRO + Issue: 1 Rev:0 = Modifications without prior notice



5 astrOcast

2 Table of content

1  Astronode S overview 3
11 Key features 3
1.2 Certifications and approvals 3
1.3 Typical use cases 3
1.4 Description 3
15 Product Image 4
1.6 Block diagram 4

2 Table of content 5

3 Pinout table 6
3.1 Pin definition 6

4 Electrical characteristics 9
4.1 Absolute maximum rating 9
4.2 Operating conditions 9
4.3 Timing requirements 11

5 Detailed description 12
51 UART protocol 12
5.2 Sleep modes 12
53 Event interrupt 13
5.4 ANTN_USE pin 13
55 Reset function 14
5.6 Power up/down sequence 14
5.7 Schematics example 15
5.8 Layout guideline 15
5.9 Keep out area 19

6 Mechanical 20
6.1 Mechanical drawing 20
6.2 Recommended land pattern 21

7 Product handling and soldering 22
7.1 Soldering Profile 22
7.2 ESD precautions 22

8 Packaging 23
8.1 Reel RL33728RBK 23
8.2 MSL levels 25

Labelling and ordering information 25

9 25
9.1 Package labelling 25
9.2 Product labelling 26
9.3 Ordering codes 27

10 Certifications 27
10.1  Qualified antenna 27
10.2 CE 28
10.3 FCC 28
10.4 Distance to human body 29
10.5 Applicable standards 29

Astrocast SA + All rights reserved £ Doc: 0532-DOC-M2M-ASTRO + Issue: 1 Rev:0 = Modifications without prior notice



6 astrOcast
3 Pinout table

3.1 Pin definition

CS20 S19
CS21 S18
CS22 S17
CS23 S16
CS24 S15
Cs2 S14
CS26 S13
CSs2 S12
CS2 S11
CS2 S10
CS30 S9
CS31 S8
CS32 S7
CS33 S6
CS34 S5
CS3 S4
CS36 S3
CS3 S2
CS3 S1

Figure 1- Pin defnition2 Top view

Pin name :liJrrlnber I/O type Description

VDD Cs1 Power  Module power supply

VDD CS2 Power  Module power supply

TXD Csi10 Output  TX UART of the Astronode S

RXD CS12 Input RX UART of the Astroode S

EVENT_NOTIF C$4 Output Indicates an event. Internal puilown of IMohm
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Pin
Pin name I/O type Description
number typ P

Indicates when the Astronode S uses the radio

ANTN_USE  CS6 Output ! W . ! l
Leave unconnected if unused.
Wakeups the Astronode S from low power mode.

WAKEUP CS8 Input Internal pultdown of IMohm
Leave unconnected if unused.
Reset of the Astronode S.

RESET Csi4 Input Active on rising edge
Leave unconnected if unused.
RF signal

ANTN_RF CS17 Output
50 Ohm impedance
RF ground

GND_RF CS15 Power
(Internallyconnected to GND)
RF ground

GND_RF CS16 Power
(Internallyconnected to GND)
RF ground

GND_RF CSs18 Power
(Internallyconnected to GND)
RF ground

GND_RF CSs19 Power
(Internallyconnected to GND)

GND CS3 Power Ground

GND CS5 Power Ground

GND CS7 Power Ground

GND CS9 Power Ground

GND CS11 Power Ground

GND CS13 Power Ground

GND CS23 Power Ground

GND CS25 Power Ground
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Pin name SliJr:nber I/O type Description

GND CS27 Power  Ground

GND CS29 Power  Ground

GND CS31 Power  Ground

GND CS33 Power  Ground

GND CS36 Power  Ground

N.C. CS24 - Leave unconnected
N.C. CS26 - Leave unconnected
N.C. CS28 - Leave unconnected
N.C. CS30 - Leave unconnected
N.C. CS32 - Leave unconnected
N.C. CS34 - Leave unconnected
N.C. CS35 - Leave unconnected
RSVD CS20 - Reserved

RSVD CS21 - Reserved

RSVD CS22 - Reserved

RSVD CS37 - Resened

RSVD CS38 - Reserved

Table 1 - Pin table
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4 Electrical characteristics

4.1 Absolute maximum rating
At GND = 0V and all voltagesare referredto the ground (unless otherwise noted)

Symbol Ratings Min Max Unit
VDD Main supply vdtage. -0.3 4.0 \%

lag Main supply current - 100 mA
Vi Input voltage at input pins except RST pin -0.3 4.0 \%
Viist Input voltage at RST pin -6.3 6.3 \%
liro Output current from output pins -25 40 mA
Tstg Storage temperature -40 85 °C

Table 2 - Absolute maximum rating

These are stress ratings only, which do not imply functional operation of the device at tseor any other
conditions beyond those indicated under operating conditions. Exposure to absoluteaximumrelated
conditions for extended periods may affect device reliability.

4.2 Operating conditions
At GND = 0V and all voltagesare referred to ground (unless othewise noted).

Unless otherwise specified, typical data is based on

Ta =25°C, VDD =3.3V

Unless otherwise specified, the minimum and maximum values are guaranteed in the worst conditions
of ambient temperature and supply voltage.

4.2.1 Generaloperating corditions

Symbol Parameter Conditions Min  Typ Max Unit

VDD(1) Main supply voltage - 3.14 33 3.47 \%

Input voltage at input pins

Vi
! except RST pin

-0.3 - vVDD+0.3 V
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Symbol Parameter Conditions Min  Typ Max Unit
Vst Input voltage at RST pin - -05 - 55 V
Topr(2) Operating temperature - -20 - 70 °C
Table 3 - General operating conditions

(1) performance under evaluation, use typical values.

(2) Performances under extreme conditions are under evaluation.

4.2.2 1/O characteristics

Characterist cs for |/ Os® modul e except for the RESET pi
Symbol Parameter Conditions Min Typ Max Unit
Vi I/O input low level voltage - - - 0.3xvDD V
Vin I/O input high level voltage - 0.7x VDD - - Vv
Vhys Input hysteresis - - 200 - mV
lig Input leakage curent. - - - +/- 100 nA
Vol Output low level voltage [lio] =8 MA - - 0.4 \Y,
Von Output high level voltage [lio] = 8 MA vDD-0.4 - - \%

Table4 - 1/0 characteristics

4.2.3 Reset pin
Symbol Parameter Conditions Min Typ Max Unit
Vi(1) Reset input low leveloltage. - - - 0.6 Vv
Vin(1) Reset input high level voltage - 0.6 - 15 \%

Table5 - RESET pin
(1) Not measured, to be evaluated.

4.2.4 RFcharacteristics
Symbol Parameter Conditions Min Typ Max Unit
Fix Rx frequency range - 1525 - 1559 MHz
Fx TX frequency range = 1626.5 = 1660.5 MHz
Pout; RF output power - 14 15 16 dBm
Zg Output RF impedance - - 50 - Ohm

Astrocast SA
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Table 6 - RF characteristics

(1) Power range to be defined The Astronode S modulesare currently usingPout: maximum value

4.2.5 Power up/down

Symbol Parameter Conditions Min Max Unit
. VDD rise time rate - 0 100®000 usV
vdd

VDD fall time rate - 10 100®000 us/V

Table 7 - Power up/down

Do not applyany voltage on 1/Os before the VDD.

4.2.6 Current consumption
Those measuremens$ were done on the devkit@ Ta = 25, VDD = 3.3V.

Symbol Parameter Conditions Min Typ Max Unit
i (1) TXcurrent. - - 76 - mA
I (1) RXcurrent. - - 48 - mA
laciive (1) Active state current - - 7.6 - mA
ligre (1) Idle state current - - 3.7 - mA
Is (1) Sleep modecurrent. - - 3.9 - UA

las (1) Deep sleep mode current - - 320 - nA

Table 8 - Current consumption

(1) Disparity under evaluation
4.3 Timing requirements

4.3.1 Wakeup tinings

Symbol Parameter Conditons Min Typ Max Unit
twus Wakeup time from sleep mode - - - 85 us
s Wakeup time from deep sleep mode - - - 100 ms
twurst Wakeup time froma reset - - - 400 ms

Table 9 - wakeup timings
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4.3.2 Resettimings

Symbol Parameter Conditions  Min Typ Max Unit
tr_nhm Minimum high hold time RESETpin. - 1 - - ms
tr hm Minimum low hold time RESET pin - 1 - - ms

Table 10 - Reset timings

5 Detailed description

5.1 UART protocol

User UART interfaceconfiguration:

Parameter Value
Baud rate 9600 bps
Data bits 8 bits
Stop bits 1 bit
Parity None
Hardware flow control None

Table 11 - UART protocol

ﬁ The RXD pin shoud never be floating. It must be connected to a device or tiec

to the ground with apull-down

If RXD gets someglitches, some dummy read commands can be sent or a resef the device can be
performed with the RESETpin.
5.2 Sleep modes

The Astonode Shas two sleep modes which can be configured with the "Deep Sleep Moddjit in the
configuration register.

Mode " Deep S| emnfiguidtiombit °
Sleep 0
Deep sleep 1

Astrocast SA  * All rights reserved = Doc: 0532-DOC-M2M-ASTRO = Issue: 1 Rev:0 * Modifications without prior notice
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Table 12 - Sleep modes

Sleep mode is used in the defali configuration. The module will automatically enter sleep when it is idle.
The wakeup pin is not required in this modas it will automatically wake up and receive characters on
the asset interface UART.

Deep sleep mode can be enabled in the configurain register. In this mode, the module is in a very low
power state. Towake up from this mode, the WAKEUPpin must be assertedhigh, and it takes tyuas
(Table 9) before having the UART communication available

_O"_ The application noteAPN 0559 Astronode S low energy applicationgxplains

= which mode to use for the best power savings according to the apiphtion

5.3 Eventinterrupt

The EVENT_NOTIF pin is asserteaigh by the Astronode Swhen an eventoccurs. The pn comes back
to low when all events were cleared or unmasked. In th&able 13, there is the lists of events and the
way how to clear or unmask them.

Event Clearing Unmasking

Message Cmd: Cmd: CFG_WR

acknowledgement SAK_RR followed bySAK_CR Field: Message AckEvent Pin Mask
Cmd: CFG_WR

AElierens S e (s | Gl /IEs 1 Field: Reset Notification Event Pin Masl

Table 13 - Events

5.4 ANTN_USE pin

The pin ANTN_USEgoes highwhen the Astronode Smoduleis using the antenna. It allowshe sharing
of the L-band antennawith other application such as GNSS.

The ANTN_USE is asserted during those events
1 During the satellite search phases

1 During the satellite contact phase

The application note APN 0558 GNSS Antenna sharingexplains in detail how to

organize the shared access to the antenna and the activities of the satellit
search and contact phases

Astrocast SA + All rights reserved £ Doc: 0532-DOC-M2M-ASTRO + Issue: 1 Rev:0 = Modifications without prior notice



14 astrocast

5.5 Reset function

The reset isasserted with a rising edge on the RESET pin. Thechematic of the system is inFigure 2.

| RESET RESET

[a]]
5}

GND

Figure 2 - RESET schematics.

5.6 Power up/down sequence

Power up sequence:

- The power rail VDD must be supplied firdbefore applyingany voltage on 1/Os of the module.
Therise time is limited byt,« (Table 7).

Power down sequence:

- Before tuming down thepower rail VDD,all I/Osshould not have any voltage applied. The failing
time is limited ty tya (Table 7).

The diagram of the power up/down sequence is showin the Figure 3.

Figure3 - Power up/down diagram
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5.7 Schematics example

Figure4 showsa schematic example usng the Astronode S.It only needsbulk capacitors for VDD. Their
values depend on the system design Two capacitors of 10uF X7R are used on thedevkit.

MD1
+3v3_mcy| ’ ’
l l 1 VDD
Lo Libe 2 oo ne. 2As¢
S8 T 38 ne 2850
XD 10 | =28
ol o RXD ] ve oS
£ RXD ne ———X
[
GND  GND EVENT NOTIF 4 ne S
EVENT_NOTIF N.C. ﬁ<
ANTN USE 5 ANTN_USE N.C. %(35
\QIQSKEE_IL_JP 8> WAKEUP
140 reser
20
RsVD ==
50 Ohm 12 GND_RF RSVD %(
GND_RF RSVD %<
@ ANTN RF 17 ANTN_RF RSVD #
ANT1 18 | onore RsvD —385(
19 | cwore
6666666866066 8

9]

P4

O
13|

[se] BY¢] BN B2 B

-

GND

Figure 4 - Astronode S schematicexample

5.8 Layout guideline

The layout of the carrier board iSmportant to get the best performance fromthe Astronode S modué.
This section assumes that the readr has some knowledge about RF and transmission line design.

5.8.1 REF track design

The insertion loss of thePCB track between the antennaand ANTN_RF (pin CS17) is critical in
performance ofAstronode S module This track mustbe routed as a50 Ohm transmissim line and must
be kept asshort as possible

If the carrier board is implemented withFR4, transmission lines longer thar8 cm should be avoided.
Rogers laminates with low dissipation factors sich as RO4350B arebetter options for implementing
longer transmission lines.

For RF signal integrity and-educing the interferencewith other signals in the carrier boarduse a solid
copper plane without any splits under the RF tracelf the carrier board includes an edge connector,
route the ground planes tothe edge of the PCBto cover underneaththe connector.

Astrocast SA + All rights reserved £ Doc: 0532-DOC-M2M-ASTRO + Issue: 1 Rev:0 = Modifications without prior notice
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Figure 5 shows an example ofa 4 layers PCB stack up, implemented with FR4 with relative permittivity
of 4.1. RF transmission line parameters are caldated using online calculators for coplanar wavegde
ground (CPWG). The trace dimension should be checked with the PCB manufacturer.

For a 50 Ohm line in the proposed layer stack, the trace dimensioias the following parameters
according the Figure 6: S = 900 um, W= 200 um.

Top Layer

Dielectric 1 0.374mm
Layer 1 it 0.035mm
Dielectric 2 Core 0.254mm
Layer 2 it 0.035mm

Dielectric 3 Epre 0.374mm

Bottom Layer it 0.035mm

Figure5 - 4 layers stackup example

w5 oW N
h

T

Figure 6 - CPWG

As shown inFigure 7, the top ground planesshould be well connected tothe ground plane under the
RF line using stitching vias close to the edge of the top ground planes The spacing used on the
Astronode S+ product is Imm.The rule of thumb for via stitching spaing is to keep the spacing shorter
than 1/20th of the wavelength of the highest frequency. The signal wavelength can be computed with
the following equation.

_: Wavelength of the signal (mm)
"Q Highest frequencyof the signal GHz)

'O "EDielectric constant of the PCB
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o
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0O 09000 e el
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o B oOQOO

0O 00 0000 OO

Figure 7 - stitching vias

5.8.2 Carrier boardwith integrated Patch antenna

A ceramic patch antenna can be mounted directly on the back dkstronode S carrier board.In this case
the bottom layer of the PCB should be covered with solid ground plane without any slots or splits.
Consider the antenna manufacturer recommendations for the minimum size of the required ground
plane. Please refer tothe 0534 Datasheet & Integration guidefor the Astronode Patch Antenna
integration.

The antenna ground plane should be connected to theransmission lineground plane withmultiple vias
around the antenna feed connectionFigure 7). For the optimaloperation, the feed via should be also
designed witha characteristic impedance of 50 Ohm. This can be done by adjusting the clear@e of
the ground planes in all the layersf the PCB depending on the diameter and metalized area of the via.

5.8.3 Carrier board with connector

In some applications, RF cablés usedto connect the Antennato Astronode S module.In this case the
cable lengh and material should be selectedso the insertionloss of the cabledoes not exceed 0.5 dB.

For this configuration, the RFtrack on the carrier boardis terminated with a connector As shown in the
Figure 8, the center pad of the RF connector can be larger than the width of the implemented
transmission line.This will create impedancediscontinuity which increases thetransmissionline losses
as the larger padcapacitivelyloads theline.

Astrocast SA + All rights reserved £ Doc: 0532-DOC-M2M-ASTRO + Issue: 1 Rev:0 = Modifications without prior notice
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1: NetX11_1

Figure 8 - Impedance discontinuity

To reduce this transition discontinuity,we can considerthe RF padas a short transmission lineand try
to make characteristic impedance of the pad close to 50 ohms. Depending on the PCB layer stack up,
one of the following solutions can be used toeduce the effect ofthis discontinuity.

- Increase thewidth of the RF track byincreasing the gapwidth or substrate thickness. This might
create another discontinuity in transmission lineconnection to the Astrorode® pad, but the
effect of thisdiscontinuityis less significant than connectorconnection.

- Increase theground plane gapsbetween the RF padof connectorand ground. This will mitigate
the effect to some extern but might not fully resolve it

- Remove the ground plane under the connectoiRF pad and use the next layer aground plane
for RF padimpedance design. The Figure 9 shows this solution Use multiple vias around the
connector to connect the transmisson line ground to the connector ground.
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Figure 9 - Removing ground under the RF pad

5.9 Keep out area

There are exposed copperareas underneath the Astronode Sif the AstronodeS is directly soldered on
the PCB, kee the solder mask under the module.

ﬁ We do not recommend routing any signal underneath the module to avoid ar

cross-talk with the signals on the bottom of the module
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6 Mechanical

6.1 Mechanical drawing
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Figure 10 - Astronode S mechanical drawing
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6.2 Recommended land pattern
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Figure 11 - Recommended land pattern
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7 Product handling and soldering

7.1 Soldering Profile

rq Fesk Temp. 245°C a
250 250
Liquidus Temperature
217 217
200 200
40-60s
End Temp. max 4°Cls
150 - 200°C
150 150
max 3*°Cls 60-120s
<+ -
100 Typical Leadfree |100
w Profile
50 | l | | 50
Bapsed time [s]

Figure 12 - Soldering profile

Repeated reflow soldering processes and soldering the Astronode S upsidelown are not
recommended. Boards with components on both sides may require two reflow cycles. In this case, the
Astronode S should always be placed on the side of the board that is submitted into ttzest reflow gycle.
The reason for this is the risk of the Astronode S falling off due to the significantly higher weight in relation
to other components. For best results, use a "no clean" soldering paste and eliminate the cleaning step
after the solderirg.

Cleaning the Astronode S is not recommended. Residues underneath the Astronode S cannot be easily
removed with a washing process. Cleaning with alcohol or other organic solvents can result in soldering
flux residues flooding into areas that are not accssible for pog-wash inspections.

7.2 ESD precautions

Astrocast recommends the product to be handled with appropriate precautions. Failure to observe
proper handling and installation procedures can cause damage.

ﬁ The Astronode S contains exposed GPIOs whichre electrostatic sensitive. Handling

the Astronode S without proper ESD protection may destroy or damage it permanent
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8 Packaging

8.1 Reel RL33728RBK

Parameter
Assembled hub width
w1

W2 Max

Tensile strength
Elongation

Izod impact strength

Flexural modulus

Value

56mm

56.8mm

62.2mm

3500PSI

20%

11.7KJ/m?

280000PSI

astrOcast

Tolerance / Test Method

+0.6mm /-0.4mm

ASTM D 638
ASTM D 638
ASTM D 256

ASTM D 790
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