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Hojas de datos de los distintos elementos que forman parte del proyecto
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MICA2

WIRELESS MEASUREMENT SYSTEM

¢ 3rd Generation, Tiny, Wireless
Platform for Smart Sensors

¢ Designed Specifically for Deeply
Embedded Sensor Networks

e > 1 Year Battery Life on AA
Batteries (Using Sleep Modes)

e Wireless Communications with
Every Node as Router Capability

e 868/916 MHz Multi-Channel
Radio Transceiver

e Expansion Connector for Light,
Temperature, RH, Barometric
Pressure, Acceleration/Seismic,
Acoustic, Magnetic and other
Crossbow Sensor Boards

Applications
e Wireless Sensor Networks

e Security, Surveillance and
Force Protection

e Environmental Monitoring

e Large Scale Wireless Networks
(1000+ points)

e Distributed Computing Platform

51-Pin Expansion Connector —|

Y

Logger
Flash
A

Antenna

£7
Processor
Analog I/0 < >
Digital /0 >

A

A
Tunable Frequency
MMCX Radio

Connector

MPR400 Block Diagram

Phone: 408.965.3300 ® Fax: 408.324.4840 ® E-mail:

Crossbﬁw

MICA2

The MICA2 Mote is a third genera-
tion mote module used for enabling
low-power, wireless, sensor networks.
The MICA2 Mote features several new
improvements over the original MICA
Mote. The following features make the
MICA2 better suited to commercial de-
ployment:

® 868/916 MHz multi-channel
transceiver with extended range

e Supported by MoteWorks™ wireless
sensor network platform for reliable,
ad-hoc mesh networking

e Support for wireless remote
reprogramming

¢ Wide range of sensor boards and
data acquisition add-on boards

MoteWorks enables the development
of custom sensor applications and is
specifically optimized for low-power,

battery-operated networks. MoteWorks

is based on the open-source TinyOS
operating system and provides reliable,
ad-hoc mesh networking, over-the-
air-programming capabilities, cross
development tools, server middleware
for enterprise network integration and
client user interface for analysis and
configuration.
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Processor and Radio

Platform (MPR400)

The MPR400 is based on the Atmel
ATmega128L. The ATmega128L is
a low-power microcontroller which
runs MoteWorks from its internal
flash memory. A single processor
board (MPR400) can be configured
to run your sensor application/pro-
cessing and the network/radio
communications stack simultane-
ously. The MICA2 51-pin expansion
connector supports Analog Inputs,
Digital I/0, 12C, SPI and UART inter-
faces. These interfaces make it easy
to connect to a wide variety of exter-
nal peripherals.

Sensor Boards

Crossbow offers a variety of sensor
and data acquisition boards for the
MICA2 Mote. All of these boards con-
nect to the MICAZ2 via the standard
51-pin expansion connector. Custom
sensor and data acquisition boards are
also available. Please contact Cross-
bow for additional information.

Document Part Number: 6020-0042-08 Rev A

info@xbow.com ® Web: www.xbow.com




Processor/Radio Board MPR400CB Remarks

Processor Performance

Program Flash Memory 128K bytes
Measurement (Serial) Flash 512K bytes >100,000 Measurements
Configuration EEPROM 4K bytes
Serial Communications UART 0-3V transmission levels
Analog to Digital Converter 10 bit ADC 8 channel, 0-3V input
Other Interfaces DIO,12C,SPI
Current Draw 8 mA Active mode
<15 pA Sleep mode
Multi-Channel Radio
Center Frequency 868/916 MHz ISM bands
Number of Channels 4/ 50 Programmable, country specific
Data Rate 38.4 Kbaud Manchester encoded
RF Power -20 to +5 dBm Programmable, typical
Receive Sensitivty -98 dBm Typical, analog RSSI at AD Ch. 0
Outdoor Range 500 ft 1/4 Wave dipole, line of sight
Current Draw 27 mA Transmit with maximum power
10 mA Receive
<1pA Sleep

Electromechanical

Battery 2X AA batteries Attached pack
External Power 2.7-33V Connector provided
User Interface 3 LEDs User programmable
Size (in) 2.25x1.25x0.25  Excluding battery pack
(mm) 58x32x7 Excluding battery pack
Weight (0z) 0.7 Excluding batteries
(grams) 18 Excluding batteries
Expansion Connector 51-pin All major I/0 signals

Notes: Specifications subject to change without notice

Base Stations

A base station allows the aggregation of sensor network data onto a PC or

other computer platform. Any MICA2 Mote can function as a base station when
it is connected to a standard PC interface or gateway board. The MIB510/MIB520
provides a serial/USB interface for both programming and data communications.
Crossbow also offers a stand-alone gateway solution, the MIB600 for
TCP/IP-based Ethernet networks.

MIB520 Mote Interface Board

Ordering Information

Model Description

WSN-START900CA MICA2 Starter Kit 868/916 MHz
WSN-PRO900CA MICA2 Professional Kit 868/916 MHz
MPR400CB 868/916 MHz Processor/Radio Board

Document Part Number: 6020-0042-08 Rev A

Crossbow Technology, Inc. ® 4145 North First Street ® San Jose, California 95134-2109
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MIB510

SERIAL INTERFACE BOARD

e Base Station for Wireless Sensor
Networks

e Serial Port Programming for IRIS,
MICAz and MICA2 Hardware
Platforms

e Supports JTAG code debugging

Applications
e Programming Interface
e RS-232 Serial Gateway

e [RIS, MICAZ, MICA2 Connectivity

MIB510 with Mote and Sensor Board

Serial Port

MIB510 Block Diagram

Phone: 408.965.3300 ® Fax: 408.324.4840 ® FE:-mail:

MIB510

The MIB510 allows for the aggrega-
tion of sensor network data on a PC
as well as other standard computer
platforms. Any IRIS/MICAZ/MICA2
node can function as a base station
when mated to the MIB510 serial
interface board. In addition to data
transfer, the MIB510 also provides an
RS-232 serial programming interface.

The MIB510 has an onboard
processor that programs the Mote
processor/radio boards. The proces-
sor also monitors the MIB510 power
voltage and disables programming if
the voltage is not within the required
limits. Two 51-pin Hirose connectors
are available, allowing sensor boards
to be attached for monitoring or
code development. The MIB510 is
also compatible with the Atmel JTAG
pod for code development.

Specifications

RS-232 Interface
e Connector: 9-pin “D”

® Baud Rates:
- User defined (57.6k typical)
- Programming: 115.2k
(uisp controlled)

Mote Interface
e Connectors:

- 51 pin (2)
e |ndicators:

- Mote LEDs: Red,
Green, Yellow

Programming Interface
e Indicators:
- LEDs - Power Ok (Green),
Programming in Progress (Red)
e Switches:

- On/Off switch to disable the
Mote serial transmission

- Temporary switch to reset the
programming processor and
Mote

Jtag Interface
e Connector: 10-pin male header (2)

Power
* 5V @ 50mA using external power
supply (included with unit)

e 3.3-2.7V @ 50mA using Mote
batteries

Ordering Information

Model
MIB510

Description
Serial PC Interface Board

Document Part Number: 6020-0057-03 Rev A

info@xbow.com ® Web: www.xbow.com
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6 MDA100CA/MDA100CB

MDI100CA and MDA100CB have the same content in this chapter except for some minor
changes.

The MDA100 series sensor boards have a precision thermistor, a light sensor/photocell, and
general prototyping area. The prototyping area supports connection to all eight channels of the
Mote’s analog to digital converter (ADC0-7), both USART serial ports and the I2C digital
communications bus. The prototyping area also has 45 unconnected holes that are used for
breadboard of circuitry.

6.1.1 Thermistor

The thermistor, (YSI 44006, http://www.ysi.com) sensor is a highly accurate and highly stable
sensor element. With proper calibration, an accuracy of 0.2 °C can be achieved. The thermistor’s
resistance varies with temperature. (See Table 6-1 and the resistance vs. temperature graph in
Figure 6-3) This curve, although non-linear, is very repeatable. The sensor is connected to the
analog-digital converter channel number 1 (ADC1) thru a basic resistor divider circuit. In order
to use the thermistor, the sensor must be enabled by setting digital control line INT2 high. See
the Figure 6-1 below.

Table 6-1. Thermistor Specifications

Type YSI 44006
Time Constant | 10 seconds, still air
Base Resistance 10 kQ at 25 °C
Repeatability 0.2°C

INT2

RT1

ADCA1

10K, 1%

Figure 6-1(a). Schematic of the Thermistor on MDA100CA

PWO
@)

RT1

ADCA1

10K, 1%

Doc. # 7430-0020-04 Rev. B Page 21
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Figure 6-2(b). Schematic of the Thermistor on MDA100CB
Table 6-2. Resistance vs. Temperature, ADC1 Reading

Temperature Resistance ADC5 Reading
(°C) (Ohms) (% of VCC)
-40 239,800 4%
-20 78,910 11%
0 29,940 25%
25 10,000 50%
40 5592 64%
60 2760 78%
70 1990 83%

Resistance (RT1 Ohms)

300,000

250,000

200,000 o

150,000 -

100,000 -

-60 -40 -20 0 20 40 60 80 100 120

Temperature (Deg. C)
Figure 6-3. Resistance vs. Temperature Graph

6.2 Conversion to Engineering Units

The Mote’s ADC output can be converted to Kelvin using the following approximation over 0 to
50 °C:
VT(K) =a+b x In(R) + ¢ x [In(Rar)]
where:
R =RI(ADC_FS-ADC)/ADC
a=0.001010024
b =10.000242127
¢ =0.000000146
R1=10kQ
ADC FS=1023, and
ADC = output value from Mote’s ADC measurement.

Page 22 Doc. # 7430-0020-04 Rev. B
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6.3 Light Sensor

The light sensor is a simple CdSe photocell. The maximum sensitivity of the photocell is at the
light wavelength of 690 nm. Typical on resistance, while exposed to light, is 2 kQ. Typical off
resistance, while under dark conditions, is 520 kQ. In order to use the light sensor, digital control
signal PW1 must be turned on. The output of the sensor is connected to the analog-digital
converter channel 1 (ADC1). When there is light, the nominal circuit output is near VCC or full-
scale, and when it is dark the nominal output is near GND or zero. Power is controlled to the
light sensor by setting signal INT2.

INT!

R2
ADCA1

10k, 1%

Figure 6-4. Schematic of the light sensor

6.4 Prototyping Area

The prototyping area is a series of solder holes and connection points for connecting other
sensors and devices to the Mote. The prototyping area layout is shown in the diagram and tables
below.

Doc. # 7430-0020-04 Rev. B Page 23
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Table 6-3. Connection Table for MDA 100. Use the photo (top view) below the table to locate the pins.

A B C D E F
1 GND GND GND VCC VCC VCC
2 | OPEN | OPEN | USART1_CK INT3 ADC2 PWO
3 | OPEN | OPEN UARTO_RX INT2* ADC1* PW1*
4 | OPEN | OPEN UARTO_TX INT1 ADCO" PW2
5 | OPEN | OPEN SPI_SCK INTO THERM_PWR PW3
6 | OPEN | OPEN | USART1_RX | BAT_MON THRU1 PW4
7 | OPEN | OPEN | USART1_TX LED3 THRU2 PW5
8 | OPEN | OPEN 12C_CLK LED2 THRU3 PW6
9 | OPEN | OPEN 12C_DATA LED1 RSTN ADC7
10 | OPEN | OPEN PWMO RD PWM1B ADC6
11 | OPEN | OPEN PWM1A WR OPEN ADC5
12 | OPEN | OPEN AC+ ALE OPEN ADC4
13 | OPEN | OPEN AC- PW7 OPEN ADC3
14 | GND GND GND VCC VCC VCC
15 | OPEN | OPEN OPEN OPEN OPEN OPEN
16 | OPEN | OPEN OPEN OPEN OPEN OPEN
17 | OPEN | OPEN OPEN OPEN OPEN OPEN

TShared functionality

MDA100
CROSSBOW

& WARNING: Never connect signals that are greater than VCC (3V typical) or less than 0 V
to any of the holes that connect to the Mote Processor Radio board. It is okay to connect
different voltages to the non-connected holes. However, be careful. If a voltage out of the
range of 0 to Vce should reach the Mote Processor Radio Board damage will occur.

Page 24 Doc. # 7430-0020-04 Rev. B
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UNITRONIC®

PRODUCT INFORMATION

TGS 5042 - for the detection of Carbon Monoxide

Features:

* Battery operable

* High repeatability/selectivity to CO

* Linear relationship between CO gas
concentration and sensor output

* Simple calibration

* Long life

* UL recognized component

* Meets UL2034, EN50291, and RoHS
requirements

Figaro’s TGS5042 is a battery operable electrochemical sensor which offer several
advantages over traditional electrochemical sensors. Its electrolyte is environmentally
friendly, it poses no risk of electrolyte leakage, can detect concentrations as high
as 1% CO, operates in a range from -40° and +70°C, and it has lower sensitivity to
interferant gases. With a long life, good long term stability, and high accuracy, this
sensor is the ideal choice for CO detectors with digital display. OEM customers will
find individual sensors data printed on each sensor in bar code from, enabling users

Applications:

* Residential and commercial CO detectors
* CO monitors for industrial applications

* Ventilation control for indoor parking garages
* Recreational vehicle CO detectors
* Marine CO detectors

* Fire detection

to skip the costly gas calibration process and allowing for individual sensor tracking.

TGS5042 utilizes a standard AA battery-sized package.

The figure below represents typical sensitivity characteristics,
all data having been gathered at standard test conditions (see
reverse side of this sheet). The Y-axis shows theoutput current
of the sensor (lout/pA) in each gas. Output current is linear
to CO concentration, with a deviation of less than +5% in the
range of 0~500ppm.

Sensitivity Characteristics:

25
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The figure below represents typical temperature dependency
characteristics. The Y-axis shows the sensor output ratio (l/lo)
as defined below. The linear relationship between l/lo and CO
concentration is constant regardless of the CO concentration
range.

| = Sensor output current in 400ppm of CO at various

temperatures
lo = Sensor output current in 400ppm at 20°C/50%RH

Tem perature De pendenc y:

2.0

o
5
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IMPORTANT NOTE: OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WILL VARY WITH EACH CUSTOMER'’S SPECIFIC APPLICATIONS. FIGARO STRONGLY REC-
OMMENDS CONSULTING OUR TECHNICAL STAFF BEFORE DEPLOYING FIGARO SENSORS IN YOUR APPLICATION AND, IN PARTICULAR, WHEN CUSTOMER’S TARGET GASES
ARE NOT LISTED HEREIN. FIGARO CANNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSORS IN A PRODUCT OR APPLICATION FOR WHICH SENSOR HAS NOT

BEEN SPECIFICALLY TESTED BY FIGARO.

lhr Distributor:

Anfragen an: figaro@unitronic.de

UNITRONIC AG ¢ Mundelheimer Weg 9 « 40472 Dusseldorf

Tel. 0211-95110 ¢ Fax 0211-9511111
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Basic Measuring Circuit:

The diagram at the right shows the basic measuring circuit of
TGS5042. The sensor generates a minute electric current which is
converted into sensor output voltage (Vout) by an op-amp/resistor
(R2) combination. An additional resistor (R1) is required to prevent
polarization of the sensor when circuit voltage is off.

Figaro recommends the following electrical parts: Working
R1:1kQ
R2 : 100kQ 1GS5042
C1:22uF
IC : AD708 Counter

NOTE: When voltage is applied to the sensor output terminal, the
sensor may be damaged. Voltage applied to the sensor should be
strictly limited to less than +10mV.

22uF
R2
100kQ
-« o
AD708
R1
1kQ Vout

}

Basic measuring circuit of TGS5042

Specifications:

Item

Specification

Model number

TGS 5042

Target gases

Carbon monoxide

Typical detection range

0 ~ 10,000 ppm

Output current in CO

1.00~3.75nA/ppm

Baseline offset

<+15ppm equivalent

Operating temperature

-10°C ~ +60°C (continuous)
-40°C ~ +70°C (intermittent)

Operating humidity

5 ~ 99%RH (no condensation)

Response time (T90)

within 60 seconds

Expected accuracy (*)

+20% at 0-100ppm of CO

+15% at 100-500ppm of CO
(at 20+5°C/50+20%RH)

Storage conditions

-10°C ~ +60°C (continuous)
-40°C ~ +70°C (intermittent)

Weight

approx. 12g

Standard test conditions

20+2°C, 40+10%RH

(*) assumes calibration points of 0 and 500ppm of CO, exposure time
of 4 minutes, one day of aging in detector.

REV: 03/06
UNITRONIC AG UNITRONIC AG
Vertriebsbiro Ost Vertriebsbiiro Berlin
Am Schafgraben 8 Eiswerderstr. 18, Gb. 129
07551 Gera 13585 Berlin
Telefon 0365 / 73 00 040 Telefon 030 /33 62 054
Telefax 0365 / 73 00 043 Telefax 030 /33 62 04 4

juergen.stenke@unitronic.de

juergen.stenke@unitronic.de

Structure and Dimensions:

2.0£1.0
H unit: mm
[ \ Top
sous AN
AL
- ~
40410 Working
clectrode
0.20£0.12 |
Side
Ribbon"!
Insulation
Cutting tube
point
|-
2.0+1.0 Counter
clectrode
Bottom
3.04f.5 1
4.0£1.0

NOTE 1: When the sensor is shipped, the working electrode and
counter electrode are connected (i.e. short circuited) by the metal
ribbon in order to avoid polarization of the electrodes. To measure the
sensor outout, the ribbon should be cut and the sensor connected to a
measuring circuit (see example above). The cutting point as indicated
can be used to cut the ribbon easily.

UNITRONICAG

Vertriebsbtiro Nord

Kaiserstr. 59

31785 Hameln

Telefon 05151 /87 071
Telefax 05151 /16 086
peter.arnemann@unitronic.de

UNITRONIC AG

Vertriebsbiiro Mitte
Lendstrasse 4

56727 Mayen

Telefon 02651/ 705 744
Telefax 02651/ 705 745
matthias.baeumer@unitronic.de

107

UNITRONIC AG
Vertriebsbiiro Stidwest
SchieBhausstr. 10a

70599 Stuttgart

Telefon 0711/ 45 69 528
Telefax 0711/ 45 69 545
michael.loyall@unitronic.de

UNITRONIC AG
Vertriebsbiiro Miinchen
Mitteisstrasse 24

80935 Miinchen

Telefon 089/ 31 40 88 93
Telefax 089 /31 40 88 92
ralf.hillbrecht@unitronic.de

SECOS GmbH
Ziircherstrasse 1

CH-5630 Muri

Schweiz

Telefon +41-56 / 67 55 000
Telefax +41-56 / 67 55 001
wilp@secos.ch



ANALOG
DEVICES

Ultralow Offset Voltage
Dual Op Amp

AD708

FEATURES
Very High DC Precision
30 pV max Offset Voltage
0.3 nV/°C max Offset Voltage Drift
0.35 pV p-p max Voltage Noise (0.1 Hz to 10 Hz)
5 Million V/V min Open Loop Gain
130 dB min CMRR
120 dB min PSRR
Matching Characteristics
30 pV max Offset Voltage Match
0.3 pV/°C max Offset Voltage Drift Match
130 dB min CMRR Match
Single Version: AD707
Available in 8-Pin Plastic Mini-DIP,
Hermetic Cerdip and TO-99 Metal Can
Packages, Chips and /883B Parts Available.

PRODUCT DESCRIPTION

The AD708 is a very high precision, dual monolithic operational
amplifier. Each amplifier individually offers excellent dc precision
with the best available max offset voltage and offset voltage drift
of any dual bipolar op amp. In addition, the matching specifica-
tions are the best available in any dual op amp.

The AD708 sets a new standards for dual precision op amps by
providing 5 V/uV min open loop gain and guaranteed max input
voltage noise of 350 nV p-p (0.1 Hz to 10 Hz). All dc specifica-
tions show excellent stability over temperature, with offset
voltage drift typically 0.1 uV/°C and input bias current drift of
25 pA/°C max. Both CMRR (130 dB min) and PSRR (120 dB
min) are an order of magnitude improved over any available
single monolithic op amp except the AD707.

The AD708 is available in four performance grades. The
AD708] is rated over the commercial temperature range of 0°C
to +70°C and jis available in a plastic mini-DIP package. The
AD708A and AD708B are rated over the industrial temperature
range of —40°C to +85°C and are available in a cerdip and TO-
99 package. The AD708S is rated over the military temperature
range of -55°C to +125°C and is available in cerdip and TO-99
packages. Military versions are available processed to MIL-
STD-883B, Rev. C.

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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CONNECTION DIAGRAMS
TO-99 (H) Package

TOP VIEW
NOTE: PIN 4 CONNECTED TO CASE

Plastic (N ), and Cerdip (Q) Packages

OUTPUT A E ;8__] +Vs

-INA Iiillz%ouwura
‘VSE » 4 E]-HNB

AD708

TOP VIEW

APPLICATION HIGHLIGHTS

1. The combination of outstanding matching and individual
specifications make the AD708 ideal for constructing high
gain, precision instrumentation amplifiers.

2. The low offset voltage drift and low noise of the AD708
allows the designer to amplify very small signals without
sacrificing overall system performance.

3. The AD708’s 10 V/uV typical open loop gain and 140 dB
common-mode rejection make it ideal for precision
applications.

4. Unmounted dice are available for hybrid circuit applications.
5. The AD708 is an improved replacement for the L'T1002.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703



AD708_SPEC I FI CATI UNS (@ +25°C and =15 V dc, unless otherwise noted)

AD708J/A AD708B AD708S
Model Conditions Min Typ Max Min Typ Max Min Typ Max | Units
INPUT OFFSET VOLTAGE! 30 100 5 50 5 30 uv
Ty to Tymax 50 150 15 65 15 50 uv
Drift 0.3 1.0 0.1 0.4 0.1 0.3 uv/eC
Long Term Stability 0.3 0.3 0.3 uV/Month
INPUT BIAS CURRENT 1.0 2.5 0.5 1.0 0.5 1 nA
Ty to Tymax 2.0 4.0 1.0 2.0 1.0 4 nA
Average Drift 15 40 10 25 10 30 pA/°C
OFFSET CURRENT Vem =0V 0.5 2.0 0.1 1.0 0.1 1 nA
Ty to Tmax 2.0 4.0 0.2 1.5 0.2 1.5 nA
Average Drift 2 60 1 25 1 25 pA/°C
MATCHING CHARACTERISTICS?
Offset Voltage 80 50 30 uv
TMIN to TMAX 150 75 50 HV
Offset Voltage Drift 1.0 0.4 0.3 uv/eC
Input Bias Current 4.0 1.0 1.0 nA
Ty to Tmax 5.0 2.0 2.0 nA
Common-Mode Rejection 120 140 130 140 130 140 dB
TMIN to TMAX 110 130 130 dB
Power Supply Rejection 110 120 120 dB
Ty to Tmax 110 120 120 dB
Channel Separation 135 140 140 dB
INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 0.23 0.6 0.23 0.6 0.23 035 | uWWp-p_
f=10Hz 10.3 18 103 12 103 12 nV/\/&
f=100 Hz 10.0 13.0 10.0 11.0 10.0 11 nV/\/&
f=1kHz 9.6 11.0 9.6 11.0 9.6 11 nV/Hz
INPUT CURRENT NOISE 0.1 Hz to 10 Hz 14 35 14 35 14 35 PADP-p
f=10Hz 0.32 0.9 0.32 0.8 0.32 0.8 pA/\/&
f=100 Hz 0.14 0.27 0.14 0.23 0.14 0.23 pA/\/&
f=1kHz 0.12 0.18 0.12 0.17 0.12 0.17 | pA~NHz
COMMON-MODE
REJECTION RATIO Vem =x13V 120 140 130 140 130 140 dB
Ty t0 Tymax 120 140 130 140 130 140 dB
OPEN-LOOP GAIN Vo=210V
Rioap 2 2 kQ 3 10 5 10 4 10 V/uv
Ty to Tmax 3 10 5 10 4 V/IJ.V
POWER SUPPLY
REJECTION RATIO Vs=13Vto+18V | 110 130 120 130 120 130 dB
Ty t0 Tyvax 110 130 120 130 120 130 dB
FREQUENCY RESPONSE
Closed Loop Bandwidth 0.5 0.9 0.5 0.9 0.5 0.9 MHz
Slew Rate 0.15 0.3 0.15 0.3 0.15 0.3 V/us
INPUT RESISTANCE
Differential 60 200 200 MQ
Common Mode 200 400 400 GQ
OUTPUT VOLTAGE Rioap 2 10 kQ 13.5 14 13.5 14.0 13.5 14 Vv
Rroap 2 2 kQ 12.5 13.0 12.5 13.0 12.5 13 Vv
Rioap 21 kQ 12.0 125 12.0 125 12.0 125 VvV
RLOAD >2 kQ
Ty to Tyvax 12.0 13.0 12.0 13.0 12.0 13 VvV
OPEN-LOOP OUTPUT
RESISTANCE 60 60 60 Q
-2- REV. B
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AD708J/A AD708B AD708S
Model Conditions Min Typ Max Min Typ Max Min Typ Max | Units
POWER SUPPLY
Quiescent Current 4.5 5.5 4.5 5.5 4.5 5.5 mA
Power Consumption Vg=%15V
No Load 135 165 135 165 135 165 mW
Vg=13V 12 18 12 18 12 18 mW
Operating Range +3 +18 +3 +18 +3 +18 \Y%

NOTES

Input offset voltage specifications are guaranteed after 5 minutes of operation at T 4 = +25°C.

2Matching is defined as the difference between parameters of the two amplifiers.

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to

calculate outgoing quality levels.

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage . . ........c i 22V
Internal Power Dissipation?

Input Voltage® . ........ ..., Vs
Output Short Circuit Duration ................ Indefinite
Differential Input Voltage .................. +Vs and -V

Storage Temperature Range (Q, H) ....... —65°C to +150°C

METALIZATION PHOTOGRAPH

Dimensions shown in inches and (mm).

Contact factory for latest dimensions.

Storage Temperature Range (N) ......... —65°C to +125°C

Lead Temperature Range (Soldering 60 sec) ........ +300°C

NOTES

!Stresses above those listed under “Absolute Maximum Ratings” may cause

permanent damage to the device. This is a stress rating only and functional

operation of the device at these or any other conditions above those indicated in 0112

the operational section of this specification is not implied. Exposure to absolute (2.85)

maximum rating conditions for extended periods may affect device reliability. 5

*Thermal Characteristics 6

8-Pin Plastic Package: 0jc = 33°C/Watt, 6j, = 100°C/Watt

8-Pin Cerdip package: 6jc = 30°C/Watt, 6j, = 110°C/Watt

8-Pin Metal Can Package:  6jc = 65°C/Watt, 0j, = 150°C/Watt.

3For supply voltages less than +22 V, the absolute maximum input voltage is

equal to the supply voltage.

7
ORDERING GUIDE
Temperature Package Package

Model Range Description Option*
AD708]N 0°C to +70°C 8-Pin Plastic DIP N-8
AD708AQ ~40°C to +85°C 8-Pin Cerdip Q-8
AD708BQ —40°C to +85°C 8-Pin Cerdip Q-8
AD708SQ -55°C to +125°C 8-Pin Cerdip Q-8
AD708AH —40°C to +85°C 8-Pin Header H-08A
AD708BH —-40°C to +85°C 8-Pin Header H-08A
AD708SH -55°C to +125°C 8-Pin Header H-08A
AD708SH/883B —55°C to +125°C 8-Pin Header H-08A
AD708] Grade Chips 0°C to +70°C Die
AD708S Grade Chips —55°C to +125°C Die

*N = Plastic DIP; Q = Cerdip; H = Hermetic Metal Can.

REV. B
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TRACO

DC/DC Converters
POWER

TMR 2 Series, 2 Watt

Features

4 Wide 2:1 Input Voltage Range

@ Compact SIP-8 Package

@ Small Footprint

@ Full SMD Design

@ Temperature Range -40° to +75°C
@ High Efficiency

@ Excellent Load and Line Regulation

@ Indefinite Short-circuit Protection
@ 1/O-Isolation 1000VDC

@ Remote On/Off Control

@ Fully RoHS compliant

@ 3 Year Product Warranty

The TMR-2 series is a family of isolated 2W dc-dc converter modules with regulated
output, featuring wide 2:1 input voltage ranges. The product comes in a compact
SIP-8 plastic package with small footprint occupying only 2.0 cm2 (0.3 square in.)
of board space.

An excellent efficiency allows —40° to +75°C operation temperatures at full load.
Further features include remote On/Off control and continuous short circuit protec-
tion. The ultra-compact dimensions of these converters make them an ideal solution
for many space critical applications in communication equipment, instrumentation

and industrial electronics.

Ordercode Input voltage range Ovutput voltage Output current max. Efficiency typ.
TMR 0510 3.3VDC 500 mA 64 %
TMR 0511 5VDC 400 mA 66 %
TMR 0512 4.5-9.0 VDC 12 VDC 165 mA 71%
TMR 0521 +5 VDC +200 mA 64 %
TMR 0522 +12 VDC +85 mA 69 %
TMR 0523 +15VDC +65 mA 71 %
TMR 1210 3.3VDC 500 mA 70 %
TMR 1211 5VDC 400 mA 73%
TMR 1212 9-18 VDC 12 VDC 165 mA 80 %
TMR 1221 +5VDC +200 mA 73%
TMR 1222 +12 VDC +85 mA 78 %
TMR 1223 +15VDC +65 mA 78 %
TMR 2410 3.3VDC 500 mA 71 %
TMR 2411 5VDC 400 mA 74 %
TMR 2412 18 - 36 VDC 12 VDC 165 mA 81 %
TMR 2421 +5VDC +200 mA 74 %
TMR 2422 +12 VDC +85 mA 78 %
TMR 2423 +15VDC +65 mA 80 %
TMR 4810 3.3VDC 500 mA 70 %
TMR 4811 5VDC 400 mA 73 %
TMR 4812 36 -75VDC 12 VDC 165 mA 79 %
TMR 4821 +5VDC +200 mA 71%
TMR 4822 +12VDC +85 mA 77 %
TMR 4823 +15 VDC +65 mA 77 %
http://www.tracopower.com Page 1 of 3
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TRACO
POWER

DC/DC Converters
TMR 2 Series 2 Watt

Input Specifications

Input current at full load (nominal input) 5 Vin models: 645 mA max.
12 Vin models: 242 mA max.
24 Vin models: 117 mA max.
48 Vin models: 62 mA max.
Surge voltage (100 msec. max. 5 Vin models: 15V max.
12 Vin models: 25 V max.
24 Vin models: 50 V max.
48 Vin models: 100 V max.
Input voltage variation (dv/dt) 5 V/ms, max.
(complies to ETS 300 132 part. 4.4)
Input Filter capacitor type

Start up time

1 ms typ. (at nominal input and resisfive load)

Output Specifications

Voltage set accuracy +1 %
Regulation = Input variation  Vin min. to Vin max. 0.5 % max.
- load variation 10-100 % 3.3 VDC models:  0.85 % max.
single output models:  0.75 % max.
dual output models balanced load: 1.0 % max.
dual output models asymetric load: 5.0 % max. (25% /100%)
Ripple and noise (20 MHz Bandwidth) 50 mVpk-pk max.
Temperature coefficient +0.1 %/°C

Short circuit protection

continuous, automatic recovery

Minimum load

10% of rated max current (operation at lower
load condition is safe but a higher output ripple
will be experianced)

Capacitive load 3.3 VDC / 5 VDC output models:
12 VDC / +5 VDC output models:

£12 VDC / £15 VDC output models:

2'200 pF max. / 17000 pF max.
170 pF max. / +470 pF max.
100 pF max. / + 47 pF max.

General Specifications

Temperature ranges - Operating

- Storage

—40°C ... + 75 °C (no derating)
-55°C..+105°C

Humidity (non condensing)

95 % rel. H max.

Reliability, calculated MTBF (MIL-HDBK-217 F) > 2.3 Mioh @ 25°C
Isolation voltage (60 sec) - Input/Output 17000 VDC

Isolation capacity = Input/Output 300 pF max.

Isolation resistance - Input/Output (500 VDC) > 1000 MOhm
Switching frequency 100 to 650 kHz (PFM)

Remote On/Off -On:
- Off:

— Off stand by input current
Physical Specifications

open or high impedance
4...8 mA input current applied via TKW resistor
max. TmA

Case material

non-conductive plastic

Potting material

epoxy, UL 94V-0 - rated

Weight

4.8g (0.170z)

Application notes can be downloaded under:
www.tracopower.com/products/tmr2_application.pdf

All specifications valid at nominal input voltage, full load and +25°C after warm-up time unless otherwise sfafed.

http://www.tracopower.com
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TRACO
POWER

DC/DC Converters

TMR 2 Series

2 Watt

EMC Characteristics

- Use an electrolytic low ESR capacitor at input side to reduce reflected ripple current.
- In order to meet EN55022 class B additionally use a choke to build an L/C filter as follows:

+

-
_|__C

Input

TMR

Output

Recommended values for filter:

Input C L
5vDC  100pF 10pH
12vDC  100pF 10pH
24VvDC  10pF 120pH
48VDC  10pF 120pH

Outline Dimensions mm (inches)

| | PnOut |
Bottom view E 5 ; ;
q S Pin Single Duadl
12 3 5 6 7 8 ! N , -
o o o o o o o}[ ‘L ox 1 -Vin (GND) -Vin (GND)
als 2 +Vin (Vcc) +Vin (Vcc)
A
0.5002, | | 3 Remote On/Off Remote On/Off
5 No function No function
6 +Vout +Vout
7 —Vout Common
= 8 No function ~Vout
o j
T T
~ys
20
:05 |2.54|2.54 5.08 2.54|2.54|2.54
10.08) (0.1 (0.1) (0:2) 0.1 1) (01)
P 21.8 (0.84)
Specifications can be changed any time without nofice
TRACO
ELECTRONIC AG
Jenatschstrasse 1 - CH-8002 Zurich - Switzerland
Tel. +41 43311 4511 - Fax +41 43 311 45 45 - info@traco.ch - www.tracopower.com Page 3 of 3
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TECHNICAL INFORMATION FOR CDM4161

an 1SO9001 and 14001 company

Technical Information for the CDM4161 CO 2 Module

CDM4161 is a new unit which uses
TGS4161, Figaro's low-power
consumption solid electrolyte CO2
sensor. Due to Figaro’s proprietary
idea for signal processing with a
microcomputer, no maintenance is
required for this module. When
compared with traditional CO2
sensor modules using IR sensors,
Figaro’s CO2 module is much more
cost effective, making this module
the ideal choice for indoor air
quality control systems.

Basic Information and Specifications

Features........ccoiiviiic
APPLiCAtioNS.....vvii
SPecifications...........ccoiviiiiiiiiiiiice e

|50 g T=) 13 T0) 1< T

Structure and functions

Solid electrolyte CO2 sensor TGS4161...........coocueiiueiiieiieneiiieiaes
Sensor's output signal voltage (CP3)..........ccccovurruivienrucinnciniencinen.

Variable resistor (VR1)

Thermistor signal output voltage (CP4)
MiCTOCOMPULET......covviiiniiiiiiii e
Concentration setting for system control (JP3, JP4)...........ccccceuuuee.
Baseline reset SWitch.........cccococuviiiiiiiiiiiniiiiicccce

....... 2

APPLICATION FOR WHICH SENSOR HAS NOT BEEN SPECIFICALLY TESTED BY FIGARO.

IMPORTANT NOTE: OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WILL VARY
WITH EACH CUSTOMER’S SPECIFIC APPLICATIONS. FIGARO STRONGLY RECOMMENDS
CONSULTING OUR TECHNICAL STAFF BEFORE DEPLOYING FIGARO SENSORS IN YOUR APPLICATION
AND, IN PARTICULAR, WHEN CUSTOMER’S TARGET GASES ARE NOT LISTED HEREIN. FIGARO
CANNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSORS IN A PRODUCT OR

Revised 02/06
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TECHNICAL INFORMATION FOR CDM4161

1. Basic Information

1-1 Features

* High selectivity to CO2

* Maintenance free

* Low power consumption
* Long life

Compact size

* Pre-calibrated

* Low cost

*

1-2 Applications

* Indoor air quality control
* CO2 monitors

1-3 Specifications

The specifications of CDM4161 are contained
in Table 1. Depending on the customer's target
concentration range, Figaro offers two versions
of this module as indicated in Table 1.
Customized modules are available according
to special requests from customers. Please
consult with Figaro.

1-4 Dimensions (see Fig. 1 below)

Gas sensor
TGS4161

14 Max t=1.6(mm)

| 45

O

LED1 LED2 LED3

(o o]
JP6

60

gigz Qo E
558% O
03

[*SVJO ont r/ Microprocessor
O o Plo =
N 3 Max
[
2 8
12345
25 20.64
19
u/m: mm

Fig. 1 - CDM4161 dimensions

2. Structure and Functions

2-1 Solid electrolyte CO2 sensor TGS4161

The sensor changes its output voltage in response to
exposure to CO2 gas. The sensor should not be
directly connected with low-input impedance
equipment. To read sensor output, amplified voltage
(CP3) should be used. Please refer to “TGS4161
Technical Information” for details as to the
characteristics of the sensor.

2-2 Sensor’s output signal voltage (CP3)

The sensor’s output can be read as an amplified
voltage (as taken from the differential amplifier).
Voltage should be read from this port.

2-3 Variable resistor (VR1)

This resistor is pre-calibrated at Figaro’s factory prior
to shipment. Do not turn the screw—if this would be
done, the module may not meet specifications.

2-4 Microprocessor

The microcomputer takes data and renews it once
per second. The processor calculates CO2
concentrations based on the difference between
current sensor output and a baseline value (which
represents the sensor output value in fresh air).

2-5 Thermistor signal output voltage (CP4)

The thermistor’s output signal voltage, which is used
for compensation of the sensor’s temperature
dependency, can be read at this port.

2-6 Concentration setting for control signal (JP3, JP4)

Concentrations utilized for control signals (i.e. the
control concentration) can be changed by modifying

Pin No. Name Description
1 VIN Power supply input
2 VCONC CO2 concentration output
3 CTRL Control signal output
4 TRBL Trouble signa output
5 GND Common ground

Table 2 - CDM4161 pin designations of CN1
NOTE: CN1 should be MB5P-90S, mfg. by JST.
Recommended receptacle for connector: 05JQ-BT, mfg. by JST.

Revised 02/06
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TECHNICAL INFORMATION FOR CDM4161

Product name

Carbon dioxide (CO2) sensor module

Model No.

CDM4161-L00 CDM4161-M00

Detection range

400 to 4,000ppm 400 to 8,000ppm

Sensor (principle)

TGS4161 (solid state electrolyte)

Accuracy (*1)

approx. +20% full scale

Power supply

DC5.0+0.2V regulated

Power consumption

300mW (Max)

Operational temperature &

-10°~+50°C, 5~95%RH (avoid condensation)

humidity range

Storage temperature & Pt BOPC E—OND : ]
humidity range 20°~+60°C, 5~90%RH (pack in a moisture proof bag)
Warm up time 2 hours

CO2 concentration
signa (*2)

Continuous analog output proportional to CO2 concentration

Vconc = CO2 concentration/2,000
(DC 4V full scale)

Vconc = CO2 concentration/1,000
(DC 4V full scale)

Control signal

ON: HIGH output (when CO2 conc. exceeds threshold)
OFF: LOW output

800/ 1,000/ 1,500/ 2,000 (ppm) 1,000/ 2,000/ 5,000/ 8,000 (ppm)

Malfunction signal

ON: LOW output (sensor malfunction)
OFF: FLOAT NC

Green LED: Lights while power is on (blinks during warm up)

LED display Yellow LED: Blinks during trouble
Red LED: Lights when CO2 concentration exceeds the threshold
Reset switch Establishes the ambient COz concentration as 400ppm when pushed
Dimensions 45 x 60 x 19mm (45 x 67 x 19mm incl. CN1)
Weight approx. 17g

Table 1 - Specifications

Microcomputer

vop |14 T

Note 1: Assumes benchmark is set
accuractely at 400ppm of CO2. This value
does not contain long term drift.

Note 2: In this module, the CO2
concentration is calculated by measuring
the relative change of sensor output at the
measuring point from sensor output in
clean air (assumed to be 400ppm of CO2).

Connector

I MB5P-90S
® o)

[y

1| v

9 DIA . - Veone
Converter S‘T 2
rr
8 220
» o * *J
3 CTRL
L
1
11 g
2 N 0 | TreL
5 31 4
ot
5 5 < O
VSs < 5 GND
-
4
r

Fig. 2 - Circuit diagram of interface for circuit
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TECHNICAL INFORMATION FOR CDM4161

the settings of JP3 and JP4 as shown in Table 3. The
module is pre-set at Mode I before shipment.

2-7 Baseline reset switch

The baseline value may be manually reset using this
switch. When this switch is pushed, the sensor’s
output at that moment is memorized as 400ppm of
CO2 (the baseline value in fresh air). When the switch
is pushed during warm-up time (within the first two
hours after the module is powered on), the baseline
voltage is read at that moment and the module
immediately goes into operation mode.

Caution: If the baseline reset switch is pushed while
in a polluted environment where the actual CO2
concentration is higher than 400 ppm (ambient
levels), the accuracy of readings may become
adversely affected.

2-8 Input-output signal (CN1)

Please refer to Tuble 4-Rated input and output voltages
for rated values. Also please refer to Fig. 2-Circuit
diagram of interface for circuit.

2-8-1 Vin (Pin No. 1)

Regulated voltage should be input into this port. The
sensor’s output may vary according to the sensor’s
voltage dependency characteristics if the input
voltage fluctuates. Please refer to "TGS4161 Technical
Information” for details.

2-8-2 Concentration output (Pin No. 2)
An analog voltage (CO2 concentration/1000)

Threshold CO2 Concentration of Control Signal
Mode JP3 JP4 CDM4161-L00 CDM4161-M00
ON OFF ON OFF
| OPEN OPEN 800ppm 720ppm 1,000ppm 900ppm
1 OPEN SHORT 1,000ppm 900ppm 2,000ppm 1,800ppm
1l SHORT | OPEN 1,500ppm 1,350ppm 5,000ppm 4,500ppm
v SHORT | SHORT 2,000ppm 1,800ppm 8,000ppm 7,200ppm

Table 3 - CDM4161 jumper pin settings

corresponding to CO2 concentration is output from
this port.

2-8-3 Control signal output (Pin No. 3)
When CO2 concentrations exceed the control
concentration, output from this port will be “ON”.

2-8-4 Trouble signal output (Pin No. 4)
This port will output “ON” in the following
situations:
* when the sensor’s heater is broken
* when the connection for control concentration
setting is broken

2-9 LEDs (refer to Table 5)

2-9-1 Green LED (LED 1)

The green LED indicates the module’s power
condition. It will be lit when the power is on. The
LED blinks on and off during warm-up time (for the
first two hours after power is turned on).

2-9-2 Yellow LED (LED 2)
The yellow LED indicates a trouble condition. It

Pin No. Item Minimum | Typical | Maximum u/m
1 Power supply input (VIN) 35 5.0 55 \%
CO2 conc. Output voltage 0.0 - VIN \
2 output
(Vcone) Allowable voltage - - 55 \
Output vo_l tage (OFF) ) ) 02 Vv
loL=1mA
Control signal | QOutput voltage (ON)
3 output loH=1mA Vin-0.6 i ) v
(CTRL)
Allowable voltage - - 55 \%
Allowable current - - 5 mA
. Output v_oltage (ON) ) ) 03 Vv
4 Trouble signal Ic=5mA
output
(TRBL) Allowable voltage - - 50 \%
Allowable current - - 100 mA

Table 4 - Rated input/output voltages

Revised 02/06
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TECHNICAL INFORMATION FOR CDM4161

Condition Green LED | Yelow LED | RedLED Cor(‘gg';l';’;’”a' Tro(“TbéeBT'_'?”a' €02 concentration sgne
CDM4161-L00 CDM4161-M00
Warm up period Blink ON/OFF OFF OFF OFF OFF 0.4v 0.2v
CO2 Conc. < Threshold ON OFF OFF OFF OFF COz conc./1000V | COz conc./2000V
CO2 Conc. = Threshold ON OFF ON ON OFF COz conc./1000V | COz conc./2000V
Trouble ON Blink ON/OFF OFF OFF ON HIGH HIGH

Table 5 - Signal output in operation mode

blinks on and off when trouble signal outputis “ON”".

2-9-3 Red LED (LED 3)
The red LED indicates that CO2 concentration is over
the control concentration level. It lights when control
signal output is “ON”".

3. Operation modes
3-1 Warm up

The sensor is warmed up for two hours after the
module is powered on. The green LED blinks on and
off and a constant voltage (0.4V) is output from the
concentration output port during this period. The
green LED will be lit continuously after the warm-
up period ends unless a power outage occurs.

3-2 COz2 concentration lower than calibrated
concentration

The green LED will be on if the calculated CO2
concentration is lower than the calibrated
concentration.

3-3 COz2 concentration exceeds calibrated concentration

The red LED will be lit and the control signal output
is turned “ON” if CO2 concentration exceeds the
calibrated concentration.

The control signal output is turned to “OFF” and the
LEDs will return to the status described in Item 2-9-
2 when CO2 concentration drops to 90% of the
calibrated concentration.

3-4 Trouble

Whenever a trouble situation occurs, such as heater
breakage, the yellow LED blinks on and off and the
TRBL signal is set to “ON.

4. Cautions

1) By assuming that the baseline level represents fresh
air (400ppm of CO2), actual CO2 concentrations are
calculated based on the difference between the

baseline level and the current sensor output. As a
result, the following cautions should be noted:

a) Accurate readings cannot be expected if an accurate
baseline could not be acquired.

b) The sensor should be exposed to fresh air
periodically to properly renew the baseline level.
Performance shown in the specifications cannot be
achieved if the module was used in an environment
where CO2 concentrations increased slowly and
steadily for a long period of time.

c) The module should be located in fresh air during
the warm-up period. Accurate readings cannot be
expected until the baseline is acquired in fresh air. If
the module is warmed up in an environment where
COz2 concentration is higher than normal fresh air,
the baseline will represent a polluted level and the
device will not be able to clean the air sufficiently.

d) Power should be on at all times. Since the baseline
is memorized in a microcomputer, if the power
should be cut off, the memory would be lost and
operation would resume from the warm-up process.

e) The module is not intended for usage in life saving
equipment. If the module is incorporated into life
saving equipment, an alternative and secure measure
for calculating CO2 concentration should be used be
used for the life safety function.

2) This module is designed only for indoor usage.
The module should be protected from exposure to
rain, wind, sun, heat radiation, etc.

3) Please apply a regulated voltage, otherwise the
accurate reading cannot be expected. Application of
excessive and/or reverse voltage would cause
damage to the module.

4) The sensor may deteriorate if it is stored without
power in a high humidity environment for a long
period of time. Please keep the sensor in a humidity-
proof bag with a desiccant if the sensor is to be stored

Revised 02/06
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TECHNICAL INFORMATION FOR CDM4161

without power for a long period of time.

5) Please refer to “TGS4161 Technical Information” for
other handling precautions of TGS4161.

5. Important Notice

Figaro Engineering Inc. (Figaro) reserves the right to
make changes without notice to any products herein
to improve reliability, functioning or design.

Information contained in this document is believed
to be reliable. However, Figaro does not assume any
liability arising out of the application or use of any
product or circuit described herein; neither does it
convey any license under its patent rights, nor the
rights of others.

IMPORTANT NOTE

This product is not designed and authorized for use
as a component in life support applications wherein
a failure or malfunction of the products may result
in injury or threat to life. Figaro Engineering Inc.
reserves the right to make changes to this product
without notice to improve reliability, functioning,
and/or design.

FIGARO GROUP

HEAD OFFICE

Figaro Engineering Inc.

1-5-11 Senba-nishi

Mino, Osaka 562-8505 JAPAN
Tel.: (81) 72-728-2561

Fax: (81) 72-728-0467

email: figaro@figaro.co.jp
www.figaro.co.jp

OVERSEAS

Figaro USA Inc.

3703 West Lake Ave. Suite 203
Glenview, IL 60026 USA

Tel.: (1) 847-832-1701

Fax.: (1) 847-832-1705

email: figarousa@figarosensor.com
www.figarosensor.com
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PRODUCT INFORMATION

FCM6812 - Pre-calibrated module for combustible gas

Features:

* Linear analog output proportional to gas
concentration

* Maintenance free

* Compact size

* Meets RoHS requirements

* Meets IEC60079-15:2001 requirements

The FCM6812 combustible gas sensor module is a new
unit which utilizes TGS6812, Figaro's catalytic pellistor
type gas sensor which features durability, stability, and
quick gas response. This module provides analog output
voltage proportional to hydrogen gas concentration.
FCM6812 is resin coated for waterproofing and electrical
insulation purposes, and also is also capable of detecting
sensor wire breakage. The unit has a wide range of
operating temperature from -10° to +60°C.

Because the TGS6812 sensor can detect methane and LP
gas as well as hydrogen, this module is suitable for gas
leak detection in stationary fuel cells which use hydrogen
generated from combustible gases.

Caution:

The TGS6812 gas sensor offers a practical explosion-
proof structure due to double 100 stainless mesh
covering its opening which meets IEC60079-15:2001
requirements. However, this construction is not able to
satisfy the requirements of an intrinsically safe structure.
In the case where an intrinsically safe device is required,
simple measures such as the addition of a sintered metal
explosion-proof housing should be added in order to meet
these requirements.

Sensitivity Characteristics

The figure to the right represents typical sensitivity characteristics, all
data having been gathered at standard test conditions (see reverse side
of this sheet). The Y-axis is indicated as output voltage.

Applications:

* Gas leak detection in fuel cell systems

Yot [¥] ‘
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Specifications

Product name

Combustible gas sensor module

Model No.

FCM6812-P00

Gas sensor

TGS6812 (catalytic type)

Detection range

0 to 14,000ppm of H2
(also can detect methane, iso-butane, and propane)

Output signal

0~4.5V DC (up to max VIN)

Normal operation Vout = [H2 conc(ppm)/4000] + 1.0

Vout in air 1.0£0.2V(*)
Vout in 8000ppm H2 3.0£0.2V(¥)
Vout = 0~0.1V

Trouble (recommended threshold for trouble detection = 0.2V)

Response time (T90)
to 4000ppn H2

<30 seconds

Warm up time
(Veone<2.0V)

<30 seconds

Operating conditions

-10°~+60°C, 5~95%RH (avoid condensation)

Storage conditions

-10°~+60°C, 5~95%RH

Input voltage 5.040.2V DC

Power consumption approx 1.0W

Weight approx. 15g
Dimensions 50 x 30 x 24.4mm

Position dependency

Since the module has position dependency, it should be mounted so
the two lug-holes are in a horizontal position

Standard test conditions

Ambient conditions 20+2°C, 65£5%RH

Circuit conditions 5.040.2V DC

Conditioning period

. 210 min.
prior to test :

(*) represents sensor output under standard test conditions

Pin No Name Description
1 GND Common ground
2 - Not connected
3 - Not connected
4 Vconc Concentration output voltage
5 Vin Input voltage

FCM6812 pin connections
(Connector model BHOSB-XMSK)

Recommended receptacle for connector: XMP-05V

For information on warranty, please refer to Standard Terms and Conditions of Sale of
Figaro USA Inc.

REV: 10/07
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FIGARO USA, INC.

Phone:
Fax:

121 S. Wilke Rd. Suite 300
Arlington Heights, lllinois 60005
(847)-832-1701
(847)-832-1705

email: figarousa@figarosensor.com




TECHNICAL INFORMATION FOR AM-1

Technical Information for Air Quality Control Module
AM-1

The Figaro AM-1 is a sensor
module which is useful for

evaluating the application of l
Figaro's air quality sensors into -
air quality control products. The
module contains a gas sensor,
microprocessor, and control

an 1S09001/14001 company

circuit.
Page
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Performance

Initial clean-up operation...........c.coocvviiiiieiiii 3

Standard OpPeration.........ccvviiiiii 4
TroubleshootiNg......cou i 4.......
SPECIH I CAIONS .ot 4
Product code for AM-L. ... 5
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Appendix A

Selection of operation MOdes.............eee e,

SPECITYING SENSIIVILY......eveeie e 7

IMPORTANT NOTE: OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WILL VARY
WITH EACH CUSTOMER’S SPECIFIC APPLICATIONS. FIGARO STRONGLY RECOMMENDS
CONSULTING OUR TECHNICAL STAFF BEFORE DEPLOYING FIGARO SENSORS IN YOUR APPLICATION
AND, IN PARTICULAR, WHEN CUSTOMER’S TARGET GASES ARE NOT LISTED HEREIN. FIGARO
CANNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSORS IN A PRODUCT OR
APPLICATION FOR WHICH SENSOR HAS NOT BEEN SPECIFICALLY TESTED BY FIGARO.
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TECHNICAL INFORMATION FOR AM-1

1. Product Description to technical infor-mation titled Signal
Processing for Automatic Ventilation Systems

Figaro Engineering, Inc. has developed excellamging TGS Gas Sensbirs

air contaminant gas sensors (TGS2600 and

TGS2602) and a microcomputer (FIC-02667) fdrhe illumination of LEDs on the AM-1 indicates

automatic control of air quality control devicethe level of atmospheric pollution, allowing this

such as air cleaners and ventilators. For sus¢gnsor module to function as a pollution monitor.

applications, rather than measuring actuBED illumination is decided by a control signal

contamination levels, the output signal of Figasent from the microprocessor.

sensors is compared to a benchmark level. The

degree of change from the threshold vali Components

determines the level of operation of the akigure 1 (below) shows the components of AM-

cleaning device. 1 and their functions:

Due to the complexity of understanding sens%} gggtstsrzg?aj DC 5.0+ 0.2V

per_for_man_ce anq processing sensor output Qers may choose among TGS2600 and

optimize air quality controller performance, th

) (5S2602. A decrease in electrical resistance of
AM-1 sensor module was prepared. This module ; .
A : e sensor (Rs) occurs when indoor atmospheric
allows users to minimize development time an

. . . ... pollution increases. The gauze of the sensor cap
produce an automatic air quality device with hi ,
o " . . sually gets warm because the sensing element
sensitivity to changes in indoor air pollution an

o ) > . IS heated—this is not an abnormal condition.
intricate operation similar to human reaction. .
c) Load resistor (R4)

The AM-1 unit is composed of a user_Selectgcapnnected to the sensor in series. The change of

) ) e sensor’'s electrical resistance can be
air contaminant sensor and the FIC026 . )

) ] . monitored by measuring voltage across the load
microprocessor—its purpose is to help users
understand and evaluate the features of these
components by observing their actual

performance.

a
Figaro’s air contaminant sensors detect deoki\G
dizable gases contained in indoor pollutants with—_|
excellent sensitivity through electrical resistance —
change.

@

| C2

'LEHC%I’II’II’II’IHHHI’II’II’II’II’II’II’I

b

The FIC02667 microprocessor evaluates poIIu-\
tion levels in four degrees according to a signal
sent from the gas sensor. FIC02667 com-pens&tes—
the effects of humidity, atmospheric temperature

and transient gases on the sensor, and generates
control signals for an air quality controller based / \
on its estimation of pollution levels. To use TGS o

sensors for automatic ventilation applications,
special software would be required—please refer

Figure 1 - AM-1 Components
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TECHNICAL INFORMATION FOR AM-1

resistor. This voltage is called sensor outpautput terminals (Item j below) and for the +5V
(Vout). power supply output terminal (Item k below).

d) Microcomputer (FIC02667) J) Terminals for the microprocessor’s output
The microprocessor reads the signal from th&Ds 1 to 5 correspond to terminals A to E re-
sensor, compares it to a memorized benchmagectively. The output voltage at the terminal
value corresponding to a clean atmosphere leuscomes 0 V when its corresponding LED is on
evaluates the degree of pollution and generatesl becomes 5V when its corresponding LED is
the appropriate signal to control an air qualityff. Recording each terminal output together

controller. with the sensor output (measured across both
e) Operation mode resistors (R1, R2) ends of R4) on a chart, the user can examine the
See Appendix A%election of Operation Modesoperation of AM-1 in detail. Furthermore, users
for AM-1) can examine the effect of automatic control on
f) Operation mode jumper (JP3) air quality devices by connecting such devices
See Appendix Agelection of Operation Modedo the desired terminals (A~E) via an interface
for AM-1) circuit (See Specifications—Pagg 4

g) Sensitivity changeover switch k) Output terminal of +5V power supply

The FIC02667 microcomputer contains softwaf@an be used as power supply for an interface
to control an air quality device at High and Lowircuit (See Specifications—Pagke 4
sensitivities. When in the down position (see Fig.

1), sensitivity is set to High. Setting the switcB. Performance

in the up position will make sensitivity Low.

h) LED for pollution degree indication After powering on, the AM-1 goes through an
The degree of indoor atmospheric pollution isitial Clean-up Operation for two minutes, High
indicated by the LEDs as activated by th&ensitivity Operation for three minutes, and then
microcomputer. When LED 2 is on, one of thmto Standard Operation.

LEDs 3 through 5 lights up at the same time.

LED 1 (green) : Good

LED 2 (red) : Polluted

LED 3 (amber) : Pollution - low
LED 4 (amber) : Pollution - medium
LED 5 (amber) : Pollution - high

a. Initial clean-up operation
For two minutes after first being powered on,
LED 1 (Good) blinks on and off in a 0.5 second
cycle regardless of pollution levels. If an air
quality controller is connected to the unit, the
device will not function during the Initial Clean-
LEDs 3 through 5 are connected with thep Operation mode. At the end of this operation,
microprocessor’s three control ports whichED 1 stays on continuously and the output
generate one signal each to direct the air quaktignal level of the sensor is memorized by the
controller—Low Operation, Medium Operatiormicrocomputer as a benchmark signal level for
and High Operation. When the level oflean air.
atmospheric pollution changes from ‘Good’ tdlOTE: If polluted levels exist at the time of
‘Pollution - low’, LED 4 will light for one second, powering on, the initial baseline level would be
followed by LED 3 in order to shorten the warmset at such a high pollution level that the device
up time of the fan’s motor. would not activate despite the presence of
pollutants.
i) Terminal for GND:
Common terminal for the microprocessor’s

Revised 05/06 3
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TECHNICAL INFORMATION FOR AM-1

b. Standard operation 4. Troubleshooting
AM-1 in Standard Operation mode continuous}y
indicates the degree of pollution with the LEDs$
based on ratio of sensor resistance to the ...
benchmark resistance value of ‘clean air’. The
benchmark signal level for clean air in thg
microcomputer is periodically (factory preset i
every 20 minutes) or manually reset.

Problem Cause Solution

’ drop in power or

. . check power connections
disconnection

no power check power

malfunction of
microcomputer caused
by external noise

disconnect power, reconnect,

S Other and restart

other call for repair

5. Specification

[tem Specification

Power Supply DC 5 V+0.2 V

AM-1-2600 : Max 0.8W
Others. Max 1.2W

Power Consumption

Indoor atmospheric pollution caused by deoxidizable

Target Gas pollutant gases (note: does not react to dust)
Sensitivity High 3ppm of H2
(factory preset) Low 6ppm of H2
LED1 (green) good
LED2 (red) polluted
LED display LED3 (amber) low pollution leve
LED4 (amber) medium pollution leve
LEDS5 (amber) high pollution leve
. “Low” (for C-MOS open drain
Active Level output of each terminal)
Microprocessor output terminals
Max. output +20mA including LED driving
current current
Output terminal of Max. output
05A
+5V power supply current

Operational temperature range

-10 ~ 50°C, 5 ~ 70%RH

(avoid condensation on the unit)

Storage temperature range

-20 ~ 60°C, 5~90%RH %

Dimensions

70mm x 70mm x 40 mm

Weight

209

Revised 05/06
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TECHNICAL INFORMATION FOR AM-1

6. Product code for AM-1

The AM-1 unit can use the following Figaro air
guality monitoring sensors. When purchasing this
unit, please indicate which sensor module is

required:

Sensor Module Code #
TGS2600 AM-1-2600
TGS2602 AM-1-2602

7. Notes

a. Installation guidelines
1) Avoid exposure to rain, direct sunlight
and heat radiation
2) Protect against vibration
3) The sensor should not be located in an
unventilated area. However, since the
sensor is a heated element, it should
not be placed where it is directly
exposed to strong airflow.
b. Since AM-1 is designed for evaluation only,
the operational stability of this unit against
fluctuation of power supply voltage or external
noise is not specified.
c. The air contaminant gas sensors used in this
unit (TGS2600 or TGS2602) can also be
purchased separately as well as the FIC02667
microprocessor.

Revised 05/06 5
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TECHNICAL INFORMATION FOR AM-1

Appendix A Threshold level for “On”

Low pollution level : V(K1) / 5
The AM-1 unit has a specially developed Medium pollution level : [V(K1) /5] - 0.078
microprocessor FIC02667 which has additional High pollution level : [V(K1) / 5] - 0.158

functions that can be selected by users accordiﬂgreshoI d level for

to the desired application. “Off™:

Low pollution level : [V(K1) / 5] + 0.023
Medium pollution level : [V(K1) / 5] - 0.078 + 0.023

1. Selection of Operation Modes High pollution level : [V(K1) / 5] - 0.158 + 0.023

By using jumper J3, automatic operation can be

selected according to the air quality controller's : . .
) : In order to avoid a chattering for generating the
capacity control--two step (high/low) or three . . .
) : . output signal corresponding to each pollution
step (high/medium/low). Operation mode can bhe > .
. evel, a difference is preset for threshold values

set by JP3 as follows:

between “On” and “Off” in the FIC02667.

Capacity JP3 Factory preset values for V(K1):
Two-step Disconnect R4=13K
Three step Connect R5 =4.7K

R6 =10 K

Figaro provides the initial setting for JP3

aRccording to the above listed formulas and
connected.

factory preset values of R4~R6, threshold values

JP1 and JP2 are determined at the facto];?/r. V(K1) can be calculated as follows:

Regarding these jumpers, please do not char@gnsitivity changeover switch “H”

the original settings. V(K1) =4.42V

2. Specifying Sensitivity Pollution on Off
The FIC02667 can evaluate the degree |of Level

pollution by comparing the sensor resistance ratio Low 0.884 0.907

(sensor resistance / benchmark value) with
preset threshold valu&AR). To change thAR
value, the user should adjust the input voltage High 0.728 0.751
(V(K1)) applied to the sensitivity control port of
the microprocessor (Pin 6). The higher the input

voltage, the greater the sensitivity. The sensitivity Sensitivity changeover switch “L”
control input voltage must be in the range of 1.0 V(K1) =3.40V

€ Medium 0.806 0.829

Table 1-Threshold value for V(K1) = 4.42v

Vio4.5V.
. Pollution on Off
In the AM-1 unit, the V(K1) value can bg  Leve
adjusted by changing the resistance value of R4 | ow 0.680 0.703
and R5 according to the following formula: -
Medium 0.602 0.625
- —_n ", —_ *
Sensitivity = "H": V(I;rl) =5*R6 / (R4+R6) High 0524 0.547
SenSitiVity ="L"™ V(Kl) =5*R6/ (R5+R6) Table 2-Threshold value for V(K1) = 3.40v
Revised 05/06 7
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TECHNICAL INFORMATION FOR AM-1

NOTE:
The standard version of AM-1 does not have
manual input functions.

Figaro Engineering Inc. (Figaro) reserves the right to
make changes without notice to any products herein
to improve reliability, functioning or design.
Information contained in this document is believed
to be reliable. However, Figaro does not assume any
liability arising out of the application or use of any
product or circuit described herein; neither does it
convey any license under its patent rights, nor the
rights of others.

Figaro's products are not authorized for use as critical
components in life support applications wherein a
failure or malfunction of the products may result in
injury or threat to life.

FIGARO GROUP
HEAD OFFICE OVERSEAS
Figaro Engineering Inc. Figaro USA Inc.
1-5-11 Senba-nishi 3703 West Lake Ave. Suite 203
Mino, Osaka 562 JAPAN Glenview, IL 60026 USA
Tel.: (81) 72-728-2561 Tel.: (1) 847-832-1701
Fax: (81) 72-728-0467 Fax.: (1) 847-832-1705
email: figaro@figaro.co.jp email: figarousa@figarosensor.com
www.figaro.co.jp www.figarosensor.com
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