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1 MODULE VARIANTS AND RELATED DOCUMENTS

The LSTM 300 Scavenger Transceiver Module is available in following operating frequency variants:
LSTM 300U: 902.875 MHz

This document describes operation of LSTM 300U module with their built-in firmware. If you want to write
own firmware running on the integrated micro controller or need more detailed information on the Dolphin
core please also refer to:

B Dolphin Core Description
m Dolphin API Documentation

In addition we recommend following our application notes, in particular:

AN102: Antenna Basics — Basic Antenna Design Considerations for EnOcean based products
AN105: 315 MHZ Internal Antenna Design — Considerations for EnOcean based Products
AN207: ECS 300/310 Solar Panel - Design Considerations

AN208: Energy Storage — Design Considerations

AN209: STM 300 THERMO OR BATTERY POWERED — Power Supply Alternatives to Solar Panel

2 GENERAL DESCRIPTION

2.1 BASIC FUNCTIONALITY

The extremely power saving RF transmitter module LSTM
300U enables the realization of wireless and maintenance
free sensors and actuators such as room operating panels,
motion sensors or valve actuators for heating control.
Power supply is provided by an external energy harvester,
e.g. a small solar cell (e.g. EnOcean ECS 3x0) or a thermal
harvester. An energy storage device can be connected
externally to bridge periods with no supply from the energy
harvester. A voltage limiter avoids damaging of the module
when the supply from the energy harvester gets too high.
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The module provides a user-configurable cyclic wake up.

After wake up, a radio telegram (input data, unique 32 bit sensor ID, checksum) will be transmitted in
case of a change of any digital input value compared to the last transmission or in case of a significant
change of measured analogue values (different input sensitivities can be selected).

In case of no relevant input change, a redundant retransmission signal is sent after a user configurable
number of wake-ups to announce all current values. In addition, a wake up can also be triggered
externally.

Features with built-in firmware

3 A/D converter inputs

4 digital inputs

Configurable wake-up and transmission cycle
Wake-up via Wake pins

Voltage limiter

Threshold detector

Application notes for calculation of energy budgets and
management of external energy storages

Product variants

B [STM 300U

Features accessible via API
Using the Dolphin API library it is possible to write custom firmware for the module. LSTM 300U is
in-system programmable. The API provides:

Integrated 16 MHz 8051 CPU with 32 kB FLASH and 2 kB SRAM

Receiver functionality

Various power down and sleep modes down to typ. 0.2 pA current consumption
Up to 16 configurable I/0s

10 bit ADC, 8 bit DAC
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2.2 TECHNICAL DATA
Antenna External whip or 50 Q antenna mountable
Frequency LSTM 300U: 902.875 MHz (FSK)
Data rate 125 kbps
Receiver Sensitivity (at 25 °C)
only via API typ. -98 dBm2) (902.875 MHz)
Conducted Output Power
@50Q min / typ /max LSTM 300U: 7 dBm
Power Supply 2.1V-4.5V, 2.6 V needed for start-up
Current Consumption Deep Sleep mode : typ. 0.2 pA

Transmit mode: typ. 24 mA, max. 33 mA

Receive mode (via API only): typ. 33 mA, max. 43 mA

Input Channels 4x digital input, 2x WAKE input , 3x analog input
Resolution: 3x 8 bit or 1x 10 bit, 1x 8 bit, 1x 6 bit

Radio Regulations
LSTM 300U: FCC (US) / ISED (CA)

1) according to ISO/IEC 14543-3-10 2) @ 0.1% telegram error rate (based on
transmitted sub-telegrams)

2.3 PHYSICAL DIMENSIONS
PCB dimensions 22x19x3.1mm
Weight 19¢

Unless otherwise specified dimensions are in mm.

55

Tolerances: PCB outline dimensions

+0.2 mm All other tolerances +0.1 mm

LSTM 300U (pads on bottom side of PCB!)
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2.4 ENVIRONMENTAL CONDITIONS

Operating temperature

Storage temperature

Storage temperature in tape & reel package
Humidity

3 FUNCTIONAL DESCRIPTION

-25°C...+85°C
-40°C...+85°C
-20°C...+50°C

0% ... 93% r.h., non-condensing

3.1 SIMPLIFIED FIRMWARE FLOW CHART AND BLOCK DIAGRAM

Significant
Teach-In ? change ? Retransmission ?
[Na] [No] = JMa]
Yo [Yos Yas

Teach-In-Telegram »
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3.2 HARDWARE PIN OUT

GND
VDD
VDDLIM
Antenna
balun
RF_WHIP
GND

RF_50 RF_WHIP

RF Transceiver

Mixed I/0

pController e

cw_1

CP_OCP_1

cw.o

PROG_EN

EO3000I

' | | STM300U - TOP VIEW

GND

RVDD

18

LED
DI_O
DI_1
DI_2
DI_3

AD_O
AD_1
AD_2

DVDD

GND
IOVDD
RSDADIO3
WSDADIOZ2
SCLKDIO1
SCSEDIOO
PROG_EN

The figure above shows the pin out of the LSTM 300U hardware. The pins are named accord- ing to the
naming of the EO30001I chip to simplify usage of the DOLPHIN API. The table in section 3.3 shows the
translation of hardware pins to a naming that fits the functionality of the built-in firmware.
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When writing own firmware based on the DOLPHIN API please refer to the Dolphin Core Description
and use this manual only for information regarding the module hardware, such as pin out, layout
recommendations, charging circuitry, antenna options, and approvals.

3.3 PIN DESCRIPTION AND OPERATIONAL CHARACTERISTICS

LSTM 300U Scavenger Transceiver Module

LSTM 300x
Hardware

Symbol

LSTM
300x
pin #

LSTM
300x
Firmware

Function

Characteristics

Symbol
GND 1,5, 7, GND Ground connection Must be connected to GND
17, 24,
26, 28,
31
VDD 2 VDD Supply voltage 21V-4.5YV,
Start-up voltage: 2.6 V
Maximum ripple: see 3.6
RVDD 8 V_OuUT RF supply voltage 1.8 V. Output current: max. 10 mA.
regulator output See 0!
Supply for external circuitry, availa-
ble while not in deep sleep mode.
DVDD 25 DVDD Digital supply voltage |1.8 V. Output current: max. 5 mA
regulator output Supply for external circuitry, available
while not in deep sleep mode.
uvDD 32 uvDD Ultra low power Not for supply of external circuitry!
supply voltage For use with WAKE pins, see section
regulator output 4.3.
Max. 1 pA output current!
VDDLIM 3 VDDLIM | Supply voltage Limitation voltage: 4.5V
limiter input Maximum shunting current: 50 mA
I0vDD 23 I0VDD GPIO supply voltage | Must be connected to desired inter-
face supply voltage as specified in
3.5, e.g. to DVDD. See also 0
RESET 27 RESET Reset input Active high reset (1.8 V)
Programming I/F Connect external 10 kQ pull-down.
PROG_EN 18 . HIGH: programming mode active
PROG_EN [ Programming I/F LOW: operating mode
Digital input, connect external 10 kQ pull-
down.
ADIOO 9 AD_O Analog input Input read ~2 ms after wake-up.
Resolution 8 bit (default) or 10 bit.
See also 3.3.2.
ADIO1 10 AD 1 Analog input Input read ~2 ms after wake-up.
Resolution 8 bit (default) or 6 bit. See also
3.3.2.
ADIO2 11 AD_2 Analog input Input rgad ~2ms after wake-up.
Resolution 8 bit.
See also 3.3.2.
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ADIO3 12 DI_O Digital input Input read ~2 ms after wake-up. See
also 3.3.2.

ADIO4 13 DI_1 Digital input Input read ~2 ms after wake-up.

See also 3.3.2.
ADIO5 14 DI_2 Digital input Input read ~2 ms after wake-up.
See also 3.3.2.
AD1O6 15 DI_3 Digital input Input read ~2 ms after wake-up.
o See also 3.3.2.
= 16 LED Transmission Max. output current:
indicator LED 2 mA @ IOVDD=3.3V
0.65 mA @ IOVDD=1.8V

Programming I/F

SCSEDIOO 19 CW_1 Encoding input for Leave open or connect to GND
wake-up cycle
Programming I/F

SCLKDIO1 20 CW_0 Encoding input for Leave open or connect to GND
wake-up cycle
Programming I/F

WSDADIO2 | 21 CP_1 Encoding input for Leave open or connect to GND
retransmission
Programming I/F

RSDADIO3 22 CP_0O Encoding input for Leave open or connect to GND
refransmission
Programming I/F

WXIDIO 29 SCO Sensor control Digital output, max. current 15 pA
HIGH ~x ms before analog inputs are read
(x=0...508 ms; default 2 ms.)

LOW at wakeup and after reading of analog
inputs

Polarity can be inverted, delay time can be
programmed, see 3.8.2.

WXODIO 30 Cco Charge control Max output current 15 pA
See 3.7 for description of behaviour.

WAKEO 33 WAKEO Wake input Change of logic state leads to wake-
up and transmission of a telegram.
See also 4.3.

WAKE1 34 LRN LRN input Change of logic state to LOW leads to
wake-up and transmission of teach-in
telegram if a manufacturer code is
programmed. See also 3.9.2 and 4.3.

RF_WHIP 4 RF_WHIP |RF output Output for whip antenna

RF_50 6 RF_50 RF output 50 Ohm output for external antenna
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3.3.1 GPIO SUPPLY VOLTAGE

For digital communication with other circuitry (peripherals) the digital I/O configured pins of the mixed
signal sensor interface (ADIOO to ADIO7) and the pins of the programming interface (SCSEDIOO,
SCLKDIO1, WSDADIO2, RSDADIO3) may be operated from supply voltages different from DVDD.

An interface supply voltage pin IOVDD is available for such use cases which can be connected
either to DVDD or to an external supply within the tolerated voltage range of IOVDD.
Note that the wristwatch XTAL I/0s WXIDIO and WXODIO are always supplied from UVDD.

If DVDD=0V (e.g. in any sleep mode or if VDD<VOFF) and IOVDD is supplied, there may be
an unpredictable and varying current flow from IOVDD caused by internal floating nodes.
It must be ensured that the current into IOVDD does not exceed 10 mA while DVDD=0 V.
If DVDD=0 V and IOVDD is not supplied, do not apply voltage to any above mentioned pin.
This may lead to unpredictable malfunction of the device.

For I/O pins configured as analog pins, the IOVDD voltage level is not relevant!
However, it is important to connect IOVDD to a supply voltage as specified in 3.5.

IOV DD pr—s
If configured as digital I/O

$434434

00IqY 4P

£0IaVasy 4P
ZoIqvasm <P
TOIOYT10S 4P
00I03SIS 4P
YAo) (e}
90IaY
soIray
roIay
coIray
zoIlay
ToIaY
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3.3.2 ANALOG AND DIGITAL INPUTS

Parameter Conditions / Notes

Analog Input Mode

R AT Single ended 0.067 RVDD- V
Internal reference RVDD/2 0.12

Input coupling DC

Measurement bandwidthl 62.5 kHz

: Single ended against 10 MQ

Input impedance GN% @ 1 kHz &

Input capacitance Single ended against 10 pF
GND @ 1 kHz

Effective measurement resolution 10 Bit

10 bit measurement

Offset error 23 36 LSB

Gain error 32 62 LSB
Code <=200 +3 +6 LSB

-14 -23

it Code >200 +z31 +6 LSB

o

8 bit measurement

Offset error 6 9 LSB

Gain error 8 16 LSB

INL Code <=50 +1 +2 LSB

-4 -6
Code >50 +1 | +2 | LSB
-1 -3
DNL <+0.125 | LSB

Offset Error: Describes the offset between the minimal possible code and code 0x00.  code Abc
Gain Error: Describes the offset between maximum possible code and full scale (e.g. OXFF
0x3FF for 10 bit measurements).

Integral Non-Linearity (INL): Describes the difference between the ideal

characteristics and the real characteristics. Only values between minimum and

Gain Error

- = ideal

— real

maximum possible code are considered (excluding offset error and gain error).

Differential Non-Linearity (DNL): Measures the maximum deviation from the ideal step

size of 1 LSB (least significant bit).

Effective resolution: Results from the signal-noise ratio of the ADC and is given in Bit.

The number describes how many bits can be measured stable. The criterion selected

here is that the noise of DNL is <+0.5 LSB.

Measurement Bandwidth: The measurement bandwidth is internally limited by filters.

A quasi static signal must be applied as long as the filter needs to settle.

SettlingTime= 1/(MeasurementBandwidth)*In(2/resolution[Bit]) 0x00

Offset Error

0 1 Uaoc
Urvop

For further details please refer to the Dolphin Core Description.

13 dB input bandwidth, resulting in 111 ps settling time to achieve a deviation of an input signal <1 LSB

(<0.098% @ 10 bit resolution). T e
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Parameter Conditions / Notes
Mode
Input HIGH voltage 2 v
I0VDD
Input LOW voltage 1/3 v
I0VDD
Pull up resistor @IOovDD=1.7 .. 19 V 90 132 200 kQ
@IOVDD=3.0...3.6 V 38 54 85 kQ
3.4 ABSOLUTE MAXIMUM RATINGS (NON OPERATING)
Symbol Parameter Min Max Units
VDD -0.5 5.5 v
VDDLIM Supply voltage at VDD and VDDLIM
IOVDD | GPIO supply voltage -0.5 3.6 v
GND Ground connection 0 0 \'
VINA Voltage at every analog input pin -0.5 2 \
Voltage at RESET, WAKEOQ/1, and every digital input pin
VINDL except WXIDIO/WXODIO -0.5 3.6 Vv
VIND2 | Voltage at WXIDIO / WXODIO input pin -0.5 2 V
3.5 MAXIMUM RATINGS (OPERATING)
Symbol Parameter Min Max Units
VDD Supply voltage at VDD and VDDLIM UAoIAF 4.5 v
VDDLIM
IOVDD | GPIO supply voltage 1.7 3.6 v
GND Ground connection 0 0 \
VINA Voltage at every analog input pin 0 2.0 \
Voltage at RESET, WAKEOQ/1, and every digital input pin
VIND1 | except WXIDIO/WXODIO 0 3.6 Y
VIND2 Voltage at WXIDIO / WXODIO input pin 0 2.0 Vv
3.6 POWER MANAGEMENT AND VOLTAGE REGULATORS
Symbol Parameter Conditions / Notes
Voltage Regulators
Ripple on VDD, where 50 mVpp
VDDR | Min(vDD) > VON
UVDD Ultra Low Power supply 1.8 v
RVDD RF supply 1.7 1.8 1.9 \
DVDD Digital supply 1.7 1.8 1.9 v
Voltage Limiter
VLIM Limitation voltage 4.5 V
ILIM Shunting current 50 mA
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Threshold Detector
VON Turn on threshold 2.3 2.45 2.6 V
Automatic shutdown if 1.85 1.9 2.1 Vv
VOFF Turn off threshold VDD drops below VOFF

Voltage Limiter

LSTM 300U provides a voltage limiter which limits the supply voltage VDD of LSTM 300U to
a value VDDLIM which is slightly below the maximum VDD ratings by shunting of sufficient
current.

Threshold detector

LSTM 300U provides an ultra low power ON/OFF threshold detector. If VDD > VON, it turns
on the ultra low power regulator (UVDD), the watchdog timer and the WAKE# pin circuitry.
If VDD < VOFF it initiates the automatic shut down of STM 300x.

3.7 CHARGE CONTROL OUTPUT (CCO)

After start-up LSTM 300U provides the output signal of the threshold detector at the CCO output pin.
CCO is supplied by UVDD. The CCO output value remains stable also when LSTM 300U is in deep sleep
mode. Behaviour of CCO

- At power up: TRISTATE until VDD>VON then HIGH
- if VDD>VON then HIGH

- if VDD<VON then LOW

- if VDD< VOFF then LOW or TRISTATE

- === VDD
VDD cco
VDD < VON
N /
~
~
VON Y VDD < VOFF

Ha

VOFF

TRISTATE
or LOW

~0.9vV -

For definition of VON and VOFF please refer to 3.6.
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3.8 CONFIGURATION

LSTM 300U provides several encoding input pins allowing to configure certain parameters. LSTM 300U
checks the status of these pins at every wake-up. It is possible to override these hardware-defined
configuration settings by software. Both mechanisms are described below.

3.8.1 HARDWARE-DEFINED CONFIGURATION SETTINGS

On LSTM 300U it is possible to define wake-up cycle time and redundant transmission frequency via
dedicated configuration inputs.

Wake-up cycle time configuration

Two input pins = CW_0 and CW_1 - define the wake-up cycle time. Each of these pins can
either be connected to GND or left unconnected. The resulting wake-up cycle time is shown
in the table below.

CW_o Cw_1 Wake-up cycle time
NC NC 1s+20%
GND NC 10s +20%
NC GND 100 s +20%
GND GND No cyclic wake-up

Redundant retransmission

Two input pins — CP_0 and CP_1 - control an internal counter which is decreased at every wake-up
signal. Once the counter reaches zero the redundant retransmission signal is sent. Each of these pins can
either be connected to GND or left unconnected. The resulting wake-up cycle time is shown in the table

below.
CP_O CP_1 Number of wake-ups that
trigger a redundant retransmission
NC NC Every timer wake-up signal
GND NC Every 7th - 14th timer wake-up signal, affected at random
NC GND Every 70th - 140th timer wake-up signal, affected at random
GND | GND No redundant retransmission

A radio telegram is always transmitted after wake-up via WAKE pins! After transmission the
counter is reset to a random value within the specified in- terval.
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3.8.2 CONFIGURATION VIA PROGRAMMING INTERFACE

Via the programming interface the parameters stored in the configuration area can be mod-
ified which provides a lot more configuration options.

Note that values set via programming interface override hardware settings.

Note also that these settings are read only after RESET or power-on reset and not at every
wake-up of the module.

The interface is shown in the figure below:

Reset

- PROG_EN

USB <=> SPI @ ADIO7
; SCSEDIO0
interface | e

WSDADIO2

DCNANTM2

EnOcean provides EOPX (EnOcean Programmer, a command line program) and Dolphin Studio (Windows
application for chip configuration, programming, and testing) and the USB/SPI programmer device as part of
the EDK 350 developer’s kit.
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Configurable Parameters
The table below summarizes the parameters that can be configured via the programming interface.

Parameter Configuration via Configuration via programming
pins interface

Wake up cycle See section 3.8.1 Value can be set from 1 s to 65534 s

Redundant See section 3.8.1 Min...Max values for random interval

Retransmission cycle If Min=Max -> random switched off

Threshold values for No The default values are: 5 LSB at AD_T input, 6
The threshold value can be set between 0 and
full scale for every input individually.

Resolution of the analog in- No Default: AD_O: 8 bit, AD_1: 8 bit, AD_2: 8 bit

puts Option: AD_0: 10 bit, AD_1: 6 bit, AD_2: 8 bit

Input mask No A digital input mask for ignoring changes on
digital input pins. At default all input bits are
checked.

Delay time between SCOonand | No Value can be set from 0 ms to 508 ms in steps

sampling moment of 2 ms. Default delay time is 2 ms.

Source of AD_2 No Select if AD_2 contains measurement value of
external ADIO2 pin or from internal VDD/4

Polarity of SCO signal No Polarity can be inversed.

Edge of wake pin change No Every change of a wake pin triggers a wake-up.

causing a telegram For both wake pins it can be configured individ-

transmission ually if a telegram shall be sent on rising, falling
or both edges.

Manufacturer ID and EEP No Information about manufacturer and type of de-

(EnOcean Equipment Profile) vice. This feature is needed for “automatic” in-
teroperability of sensors and actuators or bus
systems. Information how to set these parame-
ters requires an agreement with EnOcean.
Unique manufacturer IDs are distributed by the
EnOcean Alliance.
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3.9 RADIO TELEGRAM

3.9.1 NORMAL OPERATION
The diagram below summarized the content of a data telegram as seen at programming interface of LSTM
300U or at DOLPHIN API:

ORG = 0x07 (Telegram type “4BS”)
Data_Bytel..3
3x8bit mode:
DATA_BYTE3 = Value of AD_2 analog input
DATA_BYTE2 = Value of AD_1 analog input
DATA_BYTE1 = Value of AD_0 analog input
1x8bit, 1x6it, 1x10bit mode:
DATA_BYTE3 = Value of AD_2
DATA_BYTE2 = Upper 2 bits of AD_0 and value of AD_1
DATA_BYTE1 = Lower 8 bits Value of AD_0 analog input
DATA_BYTE3 DATA_BYTE2 | DATA_BYTE1
AD_2 AD_1 AD_0
7]els]al3]2]1fo[s]a]3]2]2]o]o 87 ]6]5]a[3]2]1]0

DATA_BYTEO = Digital sensor inputs as follows:
Bit 7 Bit 0
| Reserved,setto0 | DI_301_2DI[A1DI O] |

ID_BYTE3 = module identifier (Byte3)
ID_BYTE2 = module identifier (Byte2)
ID_BYTE1 = module identifier (Bytel)
ID_BYTEO = module identifier (Byte0)

The voltages measured at the analog inputs can be calculated from these values as follows:

U=(Value of AD_x)/(2n)x1.8 V n=resolution of channel in bit
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3.9.2 TEACH-IN TELEGRAM

If a manufacturer code is programmed into the module then the module transmits — instead
of a normal telegram — a dedicated teach-in telegram if:

B Digital input DI_3=0 at wake-up or
B Wake-up is triggered via WAKEZL pin (LRN input)

With this special teach-in telegram it is possible to identify the manufacturer, the function and the type
of a device. There is a list available from the EnOcean Alliance describing the functionalities of the
respective products.

Q If no manufacturer code is programmed then the module does not react to events
on WAKEZL (LRN input)!

ORG = 0x07 (Telegram type “4BS”)
DATA_BYTEO..3 see below

LRN Type =1

LRN=0

DIO..DI2: current status of digital inputs
Profile, Type, Manufacturer-ID defined by manufacturer

REO..2:setto O

ID_BYTE3 = module identifier (Byte3)
ID_BYTE2 = module identifier (Byte2)
ID_BYTE1 = module identifier (Bytel)
ID_BYTEO = module identifier (Byte0)

|ORG [Data_Byte3 Ddta_Byte2 Data_|Bytel Data_Byte0 ID | |

i

Function Type Manufacturer- LRN Type RE2 RE1 REO LRN DI2 DI1 DIO
6 Bit 7 Bit ID 11 Bit 1Bit 1Bit 1Bit 1Bit 1Bif 1Bit 1Bit 1Bit
3.10 TRANSMIT TIMING

The setup of the transmission timing allows avoiding possible collisions with data packages of other
EnOcean transmitters as well as disturbances from the environment. With each transmission cycle, 3
identical subtelegrams are transmitted within 40 ms. Transmission of a subtelegram lasts
approximately 1.2 ms. The delay time between the three transmission bursts is affected at random.

transmissions is stopped and a new series of telegrams with new valid measurement

If a new wake-up occurs before all sub-telegrams have been sent, the series of
A values is transmitted.
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3.11 ENERGY CONSUMPTION

==
1

urrent onsumption of

harge needed for one measurement and transmit cycle
harge needed for one measurement cycle without transmit
current for external sensor circuits not included

alculations are performed on the basis of electric charges because of the internal linear voltage
regulator of the module nergy consumption varies with voltage of the energy storage while
consumption of electric charge is constant

rom these values the following performance parameters have been calculated

Assumptions

n torage A with max min
[ | onsumption ransmit cycle measurement cycle
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nd trace length: 10mm-20mm.
XT Trace length: 10mm-20mm

XT and GND trace Thickness: loz copper
hip Antenna Trace Width: 1mm

hip Antenna Trace Length to Module: 10 mm
hip Antenna trace Thickness: 1oz copper

B Seperation Material: FR4
oard Layers: at least 2 layers
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Profile Feature

Pb-Free Assembly

Average Ramp-Up Rate

(T80 10 TP 3° Cisecond max,
Praheat

— Temperature Min (Ts,..} 150 *C

- Temperature Max (T5.,,.) 200 *C

= Time {5 10 1550 60180 seconds

Time maintained above:

- Temperature (T} 217 *C

— Time {t,) 60-150 seconds
PeakiClassification Temperature (Tp) 260 °C
Time within 5 °C of actual Peak
Temperature (tp) 20-40 seconds

Ramp-Down Rate

6 *Crsecond max,

Time 25 *C to Peak Temperature

& minutes max

Note 1: All temperatures refer to topside of the package, measwred on the package body surlace

Temperature —p

=]
a3

|
-

5

e Ting

Critical Zone
T toTp

ts
Preheat

t 25°C to Peak

Time —>

PCatnea8a1
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