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1 Overview
This user manual describes the usage procedures, precautions, and other information regarding
D6T-series MEMS Thermal Sensors. This document also serves as a supplement to the product
catalog. Reference this document together with the product catalog when using this device.

2 Principles of Operation

The following list describes an overview of the measuring operation of the MEMS Thermal
Sensors.

(Back side)
The silicon lens focuses radiant heat (far-infrared I°C connector
rays) emitted from objects onto the thermopile sensor —
Silicon lens
in the module. (*1)

The thermopile sensor generates electromotive force
in accordance with the radiant energy (far-infrared
rays) focused on it.

The values of this electromotive force and the internal
thermal sensor are measured. Then, the device
calculates the measured value (temperature of the

object) via an interpolation calculation that compares

the measured values with an internally stored lookup (Interior side)

table. (*2) Thermopile sensor

The measured value is output via the I2C bus, and read Fig. 1. Module Configuration
using a host system.

*1. The D6T-1A-01/02 models use a silicon filter.
*2. D6T-1A-01/02, D6T-8L-09/09H use a temperature conversion circuit in the ASIC to
calculate measured values (temperatures of objects).
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3 Product Features
MEMS Thermal Sensors feature a silicon lens optically designed to have specific sensitivity
characteristics. Our Thermal Sensors feature the same field of view (FOV) at a maximum

sensitivity of 50% as general sensors.

Maximum sensitivity of

50%

a) Conceptual illustration of D6T-44L-06/06H b) Conceptual illustration of single-element
FOV (16-channel) FOV and XY-axis sensitivity characteristics

)

Fig. 2. Field of View (FOV) and Sensitivity Characteristics lllustrations

The sensitive areas of elements are wider than the FOV-specification width. If the size of the

measured object is smaller than the sensitive area of an element, the background temperature of

objects other than the intended object will become a factor.

Our Thermal Sensors use a reference heat source (a blackbody furnace) to correct temperature

values. However, note that differences in emissivity due to composition of measured objects, surface

shape, and the occupancy ratio of objects within sensitive areas all affect temperature values.
Area2 FOV

PO | P1 = -

| 54 PS5 _' -
& P8 | P9 | P10 | P11

Distance: Close <<<<< Far

Fig. 3. Distance as Factor of Fluctuations in Temperature Values

The measurable area (FOV) enlarges as the distance between the measured object increases.
The occupancy ratio of objects (people) in the FOV reduces as the distance increases. For this
reason, as the distance increases, the temperature values become more a representation (level of
influence) of the background temperature than the temperature of the intended object (people). In
other words, to correctly measure temperature of the intended objects, the measured object must
be sufficiently larger than the FOV area.

Using a MEMS Thermal Sensor as a human sensor is limited to close-distance applications for
simple determination of temperature value only. To increase the detection distance, determination
accuracy must be improved through software processing that factors temporal changes, position
of heat sources, human behavior information, and so on.
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4 Usage Procedure
41 Connectors

food '
scL [ [ | Gno
sDA | vCC
SMO4B-GHS-TB(JST)

Fig. 4. Product Exterior (Reference)

Connector Pins

Table 1. Connector Pin Table

1| GND GND power supply pin

2| VCC VCC power supply pin (5V £10%)
3 | SDA [°C (5 V) data

4 | SCL 12C (5 V) clock

Connector Parts Materials
Connector part model: SM04B-GHS-TB (JST)
Contact: SSHL-002T-P0.2 (JST)
Housing: GHR-04V-S (JST)

The lens height and circuit board size varies by model. Refer to the product catalog for more
information on dimensions. Use a 4-pin connector as described above to connect this module to
systems.

4.2 Example Electrical Connections

Scenario 1: 5V MCU Direct Connection (Same voltage as the microcontroller power supply)

5v
Power
GND ™
VCC

VDD5 D6T
SDA [« SDA

MCU )
SCL [® SCL
GND ! GND

Fig. 5. Connecting to 5 V Microcontroller
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Scenario 2: 3V MCU (I2C port is 5 V fault tolerant)

VDD

,
[
»
,
>
A

B—
e

5V

VCC

D6T
SDA

!

v

» SCL

A

GND

Fig. 6. 5 V Fault Tolerant Specification

Scenario 3: Using an I°C Level Converter
(Not a 5 V fault tolerant specification, or other devices are also connected to

Scenario 4:

the 3 V I2C bus)

VDD 3V, VCC
1 1 | oer
MCU ’C
SDA level SDA
converter
SCL SCL
GND 7;7 Ex. PCA9517 GND

Fig. 7. Using a Level Converter

Using a Bidirectional Open-Drain GPIO Terminal and Performing 12C
Communication Processing in Software

(MCU does not have built-in I°C functionality)

*1. For D6T-44L-06 / D6T-44L-06H / D6T-32L-01A, clock stretch needs to be
supported. Refer to the chapter on clock stretch of the D6T communication

specification below.

. |
!
=> FF
—_— OpenDrain
MCU
. |
!
=> FF
—_— OpenDrain

SDA
SDA

SCL
SCL

Fig. 8. Using a GPIO Terminal
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Scenario 5: Using an 12C Bus-Switching IC (Connecting multiple D6T sensors)
(This sensor cannot change slave addresses)
*1. Most bus-switching ICs also have power voltage conversion functionality.

5y vCC
H H D6T

SDA 0 [ SDA

e scLo[4 SCL

Bus-Switching =t GND

SDA 1

SCL 1 -

SDA 2

VDD VCC

IC
SCL 2
I 4 || oer
SDA x bl SDA
SCL SCL x > SCL
GND Tl - GND

Fig. 9. When using the I2C Bus-Switching IC

MCUSDA

Pull-up Resistance Values

The appropriate value of the pull-up resistor depends on the usage conditions of the
user such as the capacity components of the wiring. Be sure to evaluate these
before making a decision.

(Check the IC specifications. In most cases, the range is set to approximately 3 k to 10 kQ.)
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4.3 Surface Cover Material

Make sure that cover material used when installing the MEMS Thermal Sensor as part of an
assembly has sufficient radiant heat (far-infrared) transmissivity. A far-infrared transmissive
grade of high-density polyethylene (HDPE) is often used as a cover material due to being
relatively inexpensive and easy to mold. The rate of decay varies depending on cover
thickness, and so make the cover as thin as possible to reduce negative impact on detection
performance. However, if the cover is too thin, the internal sensor will be visible as illustrated
in the following photos.

100%
60.1%
54.9%
No cover HDPE(10.7) HDPE( t0.5) HDPE( t0.3)

Fig. 10. Relationship Between HDPE Thickness and Transparency (Reference)
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4.4 Sensor Securement

Install the MEMS Thermal Sensor so that it is enclosed by casing and secured at mountable

areas.
|
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Fig. 11. Mountable Areas (Shaded Areas)

o)

Fig. 12. Sensor Securement (Reference)
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5 Development/Evaluation Tool

Note:1. 2JCIE-EV01-RP1, 2JCIE-EV01-AR1, 2JCIE-EV01-FT1, and 2JCIE-HARNESS-01 in this
catalog are discontinued at the end of January 2025.

Two types of sample code are available as software development support tools.

1. Sample code for Raspberry Pi
2. Sample code for Arduino

The sample codes for Raspberry Pi and Arduino can be used together with the OMRON
evaluation board to allow hardware to be easily connected.

The OMRON evaluation board supports the following 3 types of platform. Evaluation can be
performed easily by connecting non-contact thermal sensor D6T, evaluation board, and harness to
the platform.

Evaluation Board URL: (http://www.omron.co.jp/ecb/sensor/evaluation-board/2jcie)

Table 2. Evaluation Board Map

Harness for Connection
Platform Evaluation Board (Between evaluation Sample Code
board and D6T)

2JCIE-EV01-RP1
https://github.com/omron-de
2JCIE-HARNESS-01 vhub/d6t-2jcieev01-raspberr

ypi

Raspberry Pi *1
For connection

2JCIE-EV01-AR1

Arduino *2
For connection

https://github.com/omron-de
vhub/d6t-2jcieev01-arduino

2JCIE-HARNESS-01

2JCIE-EVO01-FT1
ESP32
Feather *3
For connection

https://github.com/omron-de
vhub/d6t-2jcieev01-arduino

2JCIE-HARNESS-01

*1. Raspberry Pi is a registered trademark of the Raspberry Pi Foundation.
*2. Arduino is a registered trademark of Arduino LLC and Arduino SRL.
*3. Feather is a registered trademark of Adafruit Industries LLC.

The sample code can be used without the evaluation board. However, the customer needs to
provide wiring to the sensor.

Sample codes are written in C language. The I2C control function can be changed according to the
MCU to be used in order to develop software using the sample codes.

The sample code is for evaluation purposes only, and OMRON does not guarantee its function.
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1. Sample code for Raspberry Pi

(1)Connect D6T, harness and OMRON evaluation board (2JCIE-EV01-RP1) to Raspberry

Pi

Fig.13 Set-up

(2) Enable the I°C

Launch Raspberry Pi, open “Preferences” > “Raspberry Pi Configuration” from the Start

menu, “Enable” the 12C, then restart.

) Programming >

Raspberry Pi Configuration

& Office >

x

System I Interfaces I Performance | Localisation
89 Internet > | ) -
Camera: () Enabled (@ Disabled
M Games > B B
SSH: (®) Enabled O Disabled
Qaﬁ Accessories > - -
VNC: () Enabled (0 Disabled
@ Help . SPI: @ Enabled O Disabled
ﬁ Add / Remove Software e © Disabled
Be A Senal: @ Enabled O Disabled
] 12, Appearance Settings
% A 1-Wire O Enabled  ® Disabled
?*! Audio Device Settings - -
. Shutdown.. . . Remote GPIO: O Enabled (@ Disabled
E#| Main Menu Editor
@

use and Keyboard Settings

Cancel

Raspberry Pi Configuration

Fig.14 Enable I2C

(3) Download sample code
Open GitHub from the URL below and download Zip file.
GitHub URL: https://github.com/omron-devhub/d6t-2jcieev01-raspber

O Why GitHub? v Team Enterprise Explore ™~ Marketplace Pricing Signin ‘S\gn up‘

[J omron-devhub / d6t-2jcieev01-raspberrypi O@watch 0 Kstar | 0 YFork 2

<> Code Issues 0 Pull requests 0 Actions Projects 0 Security 0 Insights

D6ET OMRON MEMS Thermal Sensors with evaluation kit 2JCIE-EVO1-RP1 and some Raspberry-Pi boards.

r respbery-pi

o 32 commits ¥ 1branch 0 packeges © 3 releases 281 contributar M
Branch; mastery | New pul request L | clone or dovicad +
27 OMRONEMICSM unified with D6T-32L. append retrying i2c communizatiore. Clone with HTTPS &
) UCENSEmd regist build scripts/ aopend READMEmd, LICENSE st Use Git or checkou: with SVN using the weo URL.

https://github.com/onron-devhub/c6:-2ici | [

B) Makefilz updated senscr descriptions and sample file names.
[E) READMEmd apperd the instructicn to change raspberry-pi's i2c spesd.

Open in Desktop l Download ZIP l
B dét-1ac fix files fermat e

Fig.15 Download sample code

Alternatively, open the Terminal and execute the following command.
~$ git clone https://github.com/omron-devhub/d6t-2jcieev01-raspberrypi

D6T MEMS Thermal Sensors User’s Manual (A284)
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Alternatively, after downloading the Zip file on another PC with the Internet connection,
move the zip file to the Raspberry Pi using a USB memory, etc.

(4) Make file

Open the Terminal and execute the following command.
pi@raspberrypi:~ $ cd Downloads/
pi@raspberrypi:~/Downloads $ unzip d6t-2jcieev01-raspberrypi-master.zip
pi@raspberrypi:~/Downloads $ cd d6t-2jcieev01-raspberrypi-master/
pi@raspberrypi:~/Downloads/d6t-2jcieev01-raspberrypi-master $ make all

Fig.16 Make file

(5) Run the file
Execute the following command to obtain the data.
-- For D6T-1A-01 / D6T-1A-02
pi@raspberrypi:~/Downloads/d6t-2jcieev01-raspberrypi-master $ ./d6t-1a
-- For D6T-8L-09
pi@raspberrypi:~/Downloads/d6t-2jcieev01-raspberrypi-master $ ./d6t-8l
-- For D6T-8L-09H
pi@raspberrypi:~/Downloads/d6t-2jcieev01-raspberrypi-master $ ./d6t-8Ih
-- For D6T-44L-06 / D6T-44L-06H
pi@raspberrypi:~/Downloads/d6t-2jcieev01-raspberrypi-master $ ./d6t-44l
-- For D6T-32L-01A
pi@raspberrypi:~/Downloads/d6t-2jcieev01-raspberrypi-master $ ./d6t-32I
(To stop obtaining data, press the “Ctrl” and “C” keys at the same time.)
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2. Sample code operation procedure for Arduino

(1) Connect D6T, harness and OMRON evaluation board (2JCIE-EV01-AR1) to Arduino

Arduino  2JCIE-

MKR WiFi -
Ao10 EV01-AR

D6T ﬂ

Fig.18 Set-up

(2) Download Arduino IDE
Download Arduino IDE from the URL below.
https://www.arduino.cc/en/Main/Software

(3) Recognize Arduino on Arduino IDE
Open Arduino IDE and connect Arduino to the PC via USB.
If the following message appears, install the package for Arduino MKR.

D sketch_aug27a | Arduino 189

o *x Boards Manager
s Eeit Sketch Tooks elp
Type All ~ Arduino&MKREWIF&1010
oS Arduino SAMD Boards (32-bits ARM Cortex-MO+) by Arduino
- Boards included in this package:

" ik . Arduino MKR WiFi 1010, Arduino/Genuino Zero, Arduino/Genuina MKR1000, Arduino MKRZERO, Arduino MKR FOX 1200, Arduino MKR WAN 1300,

- = 7 Arduino MKR GSM 1400, Arduine MKR NB 1500, Arduino MKR Vidor 4000, Arduino Nano 33 loT, Arduine MO Pro, Arduine MO, Arduine Tian, Adafruit
} Gircuit Playground Express.

Online help

More info

s your Arduino MKR WiFi 1010 board %

Fig.19 Arduino IDE

Install the driver.

Usar Account Control 3 =] Windows Security X
Do you want to allow this app from an
unknown publisher to make changes to your Would you like to install this device software?
device?
Name: Arduino USB Driver (for SAMD boards)
R S rpublisher: Arduino AG

Publisher: Unknown
File rigin: Hard drive on this computer

7] Always trust software from “Arduino AG". Install Don't Install
Show more details
Vs No @ You should only install driver software from publishers you trust. How can |

decide which device software is safe to install?

Fig.20 Driver

Look for “Device Manager” in the Windows Start menu.
Check Arduino's COM port number recognized by the PC.

& Device Manager
File Action View Help
Best match = m o =]

~ & usoce1722
? Device Manager i Audio inputs and outputs
g [ Monitors
Control panel

B Network adapters
v @ Parts (COMAIPT)
@ Arduino MKR WiFi 1010 (COM105)

T SUINGSTE SENal BT BIEBSM K (COMBO)
£ device manager @ Standard Serial over Bluetaoth link (COM81)

[ Cr—

Fig.21 Device manager

D6T MEMS Thermal Sensors User’s Manual (A284)
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https://www.arduino.cc/en/Main/Software

“Tools” -> “Board Arduino” -> “Arduino MKR WiFi1010”.

sketch_aug27a | Arduino 1.8.9

file Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch
sketch_aug2 Fix Encoding & Reload
void setup( Manage Libraries... Ctrl+Shift+] ~
// put yo Serial Monitor Ctrl+Shift+M
, Serial Plotter Ctrl+Shift+L Boards Manager...
WiFi101 / WiFiNINA Firmware Updater 2
void loop() Arduino SAMD (32-bits ARM Cortex-M0+) Be
// put yo Board: "Arduino/Genuino Uno" > Arduino/Genuino Zero (Programming Port)

Port
Get Board Info

Programmer: "AVRISP mklI"

Burn Bootloader

Fig.22 Select Arduino

> Arduino/Genuino Zero (Native USB Port)
Arduino/Genuino MKR1000

Arduino MKRZERO

Arduino MKR WiFi 1010

Arduino NANO 33 loT

Arduino MKR FOX 1200

“Tools” -> “PORT” -> Choose Arduino's COM port.

@ Arduino

-ESP32 | Arduino 1.89
File Edit Sketch Tools Help

Auto Format ctrl+T
Archive Sketch
Arduino-ESP3|  Fix Encoding & Reload
Manage Libraries.. Ctrl+Shift+1
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L
finclude <Ar -~
fioan wa.|  WIFi101/WIFININA Firmware Updater
finclude "gll  Board: "Arduino MKR WiFi 1010° >
sincluds "SS po «COMI05 (Arduino MKR WFi 1010)° Serial ports
finclude "gp
finotuae non  GetBoardinfo | COM105 (Arduino MKR WiFi 1010)
#include "ap  programmer “AVRISP mKll® COME0
finclude "op| g ootioader coms1
finclude "li I
static sensor data t data = {0}:

Fig.23 Select COM port

(4) Download sample code
Download the zip file by connecting to the GitHub's URL below.
GitHub URL: https://github.com/omron-devhub/d6t-2jcieev01-arduino

Jomron-devhub / dét-2jcieev01-arduino

< Code () lssues O Pull requests 0 Actions [l Projects 0 Wiki

D61 OMRON MEMS Thermal Sensors with evaluation kit 2)CIE-EVO1-AR1, 2JCIE-EVO1-FI1 and some Arduino boards.

sensor  arduino

o 42 commits P 1branch 0 packages

© 4 releases

Branch master~ | New pul request

2 OMRONEMCSM append sensor initialization commands for DET-BL.

- samples append sensor initalization commands for Dé1-5L
e update installation procedares.

) LICENSE.md initial commit

) READMEmd fixtypo

) keywords.tet updated arduino-IDE files and README text.

B library.properties

Fig.24

updated arduino-IDE files and README text.

Download sam

(5) Upload the sample code to Arduino.
“Sketch” -> “Include Library” -> “Add .ZIP Library”

@ Arduino-ESP32 | Arduino 1.8.9
File Edit Sketch Tools Help

©Watch~> 0 *Sar 0 YFok 2
281 contributor dgemar
Clone with HTTPS & Use S5

Use Gitor checkout with SVN using the web URL.

s //gsthub.con/oaron-devhub/doe-25ct | B3

o [

9 months ago

ple code

Verify/Compile Ctri+R
Upload Ctrl+U
Upload Using Programmer Ctrl+Shift+U
Export compiled Binary Ctri+Alt+S
Show Sketch Folder Ctrl+K
Include Library

Add File...

finclu

finclude "global.h”

finclude "command.h"

Fig.25 Add zip

Manage Libraries. Ctrl+Shift+]

Add ZIP Library...
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https://github.com/omron-devhub/2jcieev01-arduino

Select the “Downloads” folder. Select “d6t-2jcieev01-arduino-master.zip”.

@ Select azip file or a folder containing the library youd like toadd X
Look in:| g Downloads ~| FEE

@ L} d6f-2icieev01-arduino-master 7 dét-ap-9

S B d6t-2icieev01-arduino-maste 9 dét-ap-

= 1 ci61-2icice 01 -arduino-master d6t-ap-§

‘ < >

D-esktop File name: | d6t-2jcieev01-arduino-master.zip Open

Flles of type: | ZPP files or folders v Cancel ‘

Fig.26 Select zip file

Select the file according to the model of the sensor.
“File” -> “Examples” -> “D6T-2JCIE-EV01”
-> “d6t-1a” or “d6t-81” or “d6t-8lh or “d6t-441” or “d6t-321”

(D,6t-8! | Arduino 1.8.13

File =dit Sketch Tools Help

deét-1a

New Ctri+N

Open... cti+0

Open Recent >

Skefchhook 5

Examples ] "

Ciose Cutw 05.Control

Save Ctri+s 06Sensors

Save As..  Ctrl+Shift+S 07.Display
08:5trings

Page Setup  Ctrl+Shift+P TS

(23 @ik 10Starterkit_BasicKit

Preferences ~ Ctrl+Comma TR

it cnq Examples for any board
Adafruit Circuit Playground
Bridge

Ethernet

Firmata

LiquidCrystal

sD

Servo

Stepper

Temboo

RETIRED

Examples for Arduino MKR WiFi 1010

125
SAMD_AnalogCorrection
SAMD_BootloaderUpdater

f$include <Wire.h>

fdefine DET_ADDR Ox0A / sbu

#define DET_CMD Ox4c // SPI
USBHost

fdefine N_ROW 8 Wire

fdefine N_PIXEL 8

Examples from Custom Libraries
BSW-2JCIE-EVO1
D6T-2JCIE-EVO1

fdefine N_READ ((N_PIXEL

UGI-AP-SEAI-UCCU

D6T-1A-01 / D6T-1A-02

dét-8l

D6T-8L-09

d6t-8lh

dét-441

D6T-44L-06 / D6T-44L-06H

for DET-1A-

dét-32I

D6T-32L-01A

Fig.27 Select file

Click “Verify”. Check for any errors.

& d6t-8l | Arduino 1.89
Cila Cdit Sketch Tools Help

I dBt8l §

fdefine DET_ADDR 0x0a // for I2C Tbit address

fdefins DET_CMD 0Ox4C

fdefine N_ROW &
fdefine N_PIXEL 8

fdefine N_READ ((N_PIXEL + 1)

// for DET-44L-06/06H, DET-BL-09/09H, for DET-12-01/02

L2+ 1)

. Maximum is 2

Fig.28 Verify

D6T MEMS Thermal Sensors User’s Manual (A284)
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Click “Upload”. Check to see if “CPU reset” is shown.
® dét-8l | Arduino 1.8.9
&Edit Sketch Tools Help

dBE8I§

fdefine

DET_ADDR 0x0n // for I2C Tbit address

#define DET_CMD 0x4C // for DET-44L-06/06H, DET-BL-0%/05H, for DET-1A-01/02

#define N_ROW 8
fdefine N_PIXEL B8

Fig.29 Upload

(6) Obtaining data
“Tools” -> “Serial Monitor”

& d6t-8l | Arduino 1.8.9
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch

d6t-81 § Fix Encoding & Reload
Manage Libraries... Ctrl+Shift+|
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WiFi101 / WiFiNINA Firmware Updater

Board: "Arduino MKR WiFi 1010" >
Port: "COM105 (Arduino MKR WiFi 1010)" >
Get Board Info

Programmer: "AVRISP mklI" >

Burn Bootloader

Figr.7307 Serial monito

The data is shown.

@ CoMs - O x

1, Temperatur
1, Temperatur

1, Temperatur;
» Temperatur

, Temperatur
1, Temperatur;
, Temperac
Temperatur

956 - , Temperature: 27.7

[] Autoscroll 7] Show timestamp Newline ~| 9600 bad v | Clear output

Fig.31 data
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6 Frequently Asked Questions

Question
Answer
Question

Answer

Question

Answer

Question
Answer

Question
Answer

Question
Answer

Time from power ON until measurement is possible.
The output temperature reaches the temperature accuracy range within a few
seconds after the power is turned on, but it takes about 15 minutes for the
temperature to stabilize completely. (Reference Value)
Communication error with the sensor occurs. Or an abnormal value is output. What
are the possible factors?
Check the following points.
e Common for D6T
- Is the voltage of 5V supplied correctly?
= Does the pull-up resistor have an appropriate value?
- Is the conversion of the sensor data performed properly?
(Example) When P0O(Low):0x20, PO (High):0x01,
Data = (int16_t) ( ((uint16_t)PO(Low)) + (((uint16_t)PO(High))<< 8) ) = 0x0120 =288
eD6T-1A-01/ D6T-1A-02
* Are the data measured at intervals of 100 ms or longer?
oD6T-8L-09
 Are the data measured at intervals of 250 ms or longer?
- Is the initialization command sent after the power is turned on?
oD6T-8L-09H
+ Are the data measured at intervals of 250 ms or longer?
« |s the initialization command sent after the power is turned on?
- Is the sensor data converted correctly? (D6T-8L-09H outputs a value 5 times the
temperature.)
Example) Temperature output value: 560 ->  560/5 = 112.0 (°C)
eD6T-44L-06 / D6T-44L-06H
+ Is the I°C clock stretch of the MCU enabled?
 Are the data measured at intervals of 300 ms or longer?
oD6T-32L-01A
* Is the I2C clock stretch of the MCU enabled?
- Does the I°C's read function have a sufficient data buffer (2051 bytes)?
= Are the data measured at intervals of 200 ms or longer?
It is in communication with the sensor, but the temperature is high (or low). Or the
temperature is not stable. What are the possible factors?
The following factors may be in play.
- The temperature includes the background temperature as the object is smaller
relative to the FOV (field of view).
- Something other than the object is present in the field of view.
- The object being measured is unstable in temperature.
- The temperature is changing.
- The customer's frame is affecting the temperature. (The frame is in the field of
view. The interior of the frame is generating heat. )
Is it possible to further reduce the power consumption?
The D6T Series does not have an “operation mode for power-saving sleep” setting,
making it necessary to turn off the power in order to reduce the power consumption.
Is driving at the power supply voltage of 3 [V] or changing the slave address
possible?
The D6T series does not have these features.
Is it possible to further expand the viewing angle?
The FOV is set in consideration of the restrictions due to the thickness and refractive
index of the silicon lens.
As the FOV per element increases, the measurement and detection capability
decreases. This is one of the reasons why the viewing angle cannot simply be
widened. In order to measure a wide range, it is necessary to move the sensor or set
up multiple sensors.
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Answer
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Is it possible to distinguish between humans, animals, electrical appliances, etc.?
The non-contact temperature sensor is only capable of acquiring measured
temperature data. The objects need to be distinguished by the user using software
based on the behavior of the measurement data. Judgment software can be
developed in consideration of usage conditions to improve the judgment accuracy.
What is the distance that it can detect as a motion sensor?

The distance is greatly affected by the installation conditions and the performance of
the judgment algorithm.

Although it depends on the FOV area per element of the thermopile sensor and the
size of the measured object, a rough guideline for the distance is about 5 to 6 [m].
Can malfunctions be caused by the infrared remote controller?

Since the silicon lens hardly transmits visible light to near infrared rays with a
wavelength of 1.2 [um] or less, there is no risk of malfunctions due to infrared rays of
the remote controller. Far infrared rays emitted as radiation heat are about 4 to 14

[Um].

7 Definition of Terms

® Thermopile

A device cascaded to a thermocouple to increase voltage.
Thermocouples are arranged so that hot junctions are adjacent.

® NETD (used in catalogs)
Acronym for Noise Equivalent Temperature Difference. This represents the conversion of noise
into a temperature value.
This term is often used to represent temperature resolution as the estimated minimum value by
which changes in temperature can be determined.

® FOV

Acronym for Field of View. This term is used to represent the viewing angle index. This value is
often defined using a sensitivity peak of 50%.

I°C is a registered trademark of Royal Philips and NXP in the Netherlands and other countries.
Other company names and product names in this document are the trademarks or registered
trademarks of their respective companies.
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D6T-1A-01 / D6T-1A-02

(1) Outline of I°C Interface

Slave Address 7bit (0001_010b)
8bit (with R/W bit) expression: Read : 15h, Write : 14h
Data bit width 8bit (MSB-first)
Clock speed Max. 100kHz
Clock stretch supported | Not supported

(2) Communication procedure
The procedure for communicating with the sensor is as
shown on the right. The sensor with standard I
specifications updates the measurement data within
every 100 ms. This is repeated regardless of the
communication, and the measurement timing cannot be
controlled externally.

Power On |

| Wait 220 ms or more |

\ 4

Reading data

v
Reading data | Wait 100 ms or more |
Send the following commands to acquire the data. |
The received data has 5 bytes.

Slave Address Slave Address PTAT  PTAT
+Write + Read (Low) (High)

Repeat

Start 0x14 0x4C Start

0x15 0xXX 0xXX

PO PO
(Low) (High) PEC

0xXX 0xXX 0xXX Stop

[Received data item]
-PTAT:
Reference temperature data inside the sensor. 10-fold temperature value [°C] with a 16-bit
signed integer (two's complement).

(Calculation example)

When PTAT (Low): 0x20, PTAT (High): 0x01,

0x0120 -> 288 -> 288/10 = 28.8 (°C) at Int16 ‘\xdire:,tion

- PO:
Temperature data for each pixel. See the figure for the layout.
10-fold temperature value [°C] with a 16-bit signed integer
(two's complement)

(Calculation example)

When PO (Low): 0x87, PO (High): OxFE,

OxFE87 -> -121 -> -121/10 =-12.1 (°C) at Int16

Y direction

-PEC:

Packet error check code. PEC is data for checking for errors using the CRC-8 method, and is
added at the end of the communication output. The target range of PEC is from Slave Address
+ Write to PO (High) data. PEC values are created using each 1-byte value. This PEC value
can be used by users to detect communication failures and improve data reliability.

(See SMBus specifications for details)
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D6T-1A-01 / D6T-1A-02

(3) I’C access protocol
The terms of the I1°C access protocol are as follows.

“S” : Start Condition

“Sr” : Repeat Start Condition v \

‘P : Stop Condition S0k S

“WI/R”  : Write (Lo) / Read (Hi)

“SACK” : Acknowledge by Slave R /o ‘S
“MACK” : Acknowledge by Master O AN N
“‘MNACK” : No-acknowledge by Master Sorsr P

START condition STOP Condition
repeated START condition

I2C read access protocol
First, send a command in write mode. Next, set to Repeat Start Condition and then switch to read
mode to read the data.

SCL

SDA |Start| | SlaveAddress (0001_010b) | 0 |SACK1 Command "0x4C" |SACK| —|

:l Startl | SlaveAddress (0001_010b) | 1 |SACK] Read Data [PTAT (Low)] |MACK| —|

i Read Data [Pxx (High)] [Macd] Read Data [PEC] [mnacd  [stop|

*1. Black characters : Master — Slave, Blue characters : Slave — Master

If the SDA or SCL continues low input for the following amount of time, the communication will time
out and the sensor will stop.

-D6T-1A-01 / D6T-1A-02: 70msec
If the sensor determines that the communication has timed out, NACK is returned at the Write
access, but the read value will be FFFFh at the Read access. PEC is recommended for checking
data as it is capable of judging that the read value is abnormal.
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D6T-1A-01

| D6T-1A-02

(4) Sample Code
Sample code for Raspberry Pi can be found in the URL below.

https://github.com/omron-devhub/d6t-2jcieev01-raspberrypi/blob/master/d6t-1a.c

Sample code for Arduino can be found in the URL below.

https://qithub.com/omron-devhub/d6t-2jcieev01-arduino/blob/master/examples/d6t-1a/d6t-1a.ino

The structure of the sample code is as follows.

/** <!-- main - Thermal sensor {{{1 -->
* Read data
=/
int main() {
int i;

int16_t itemp;
delay(220);

while(1){
// Read data via I2C
memset(rbuf, @, N_READ); I2C Read
uint32_t ret = i2c_read_reg8(D6T_ADDR, D6T_CMD, rbuf, N_READ);
DET_checkPEC(rbuf, N_READ - 1); PEC confirmation
//Convert to temperature data (degC)
ptat = (double)convBus_si6_le(rbuf, @) / 18.0;

Convert to PTAT

for (i = @; i < N_PIXEL; i++) {
itemp = conv8us_s16_le(rbuf, 2 + 2*i); Convert to temperature value
pix_data[i] = (double)itemp / 10.0;

}

//0utput results
printf("PTAT: %¥4.1f [degC], Temperature: ", ptat);
for (i = @; i < N_PIXEL; i++) { Display on screen
printf("%4.1f, *, pix_data[i]);
¥
printf("[degC]\n");

delay(100);

| Power On |

|Wait 220 ms or morel

A 4

—>| Reading data

g

!Wait 100 ms or morel

D6T MEMS Thermal Sensors User’s Manual (A284)
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D6T-8L-09

(1) Outline of I°C Interface

Slave Address

7bit (0001_010b)
8bit (with R/W bit) expression: Read : 15h, Write : 14h

Data bit width

8bit (MSB-first)

Clock speed

Max. 100kHz

Clock stretch supported

Not supported

(2) Communication procedure

The procedure for communicating with the sensor is as shown below.

The sensor with standard specifications updates the measurement data within every 250 ms.
This is repeated regardless of the communication, and the measurement timing cannot be
controlled externally.

1. Initialization

I Power On |

| Wait 20 ms or more |
v
1. Initialization

y
[Wait 500 ms or morel

A 4

2. Reading data

v
| Wait 250 ms or more |
)

Send and receive commands as shown below.
Slave Address + Write

Start 0x14 0x02 0x00 0x01 OxEE Stop
Start 0x14 0x05 0x90 O0x3A 0xB8 Stop
Start 0x14 0x03 0x00 0x03 0x8B Stop
Start 0x14 0x03 0x00 0x07 0x97 Stop
Start 0x14 0x02 0x00 0x00 OxE9 Stop
Slave Address Should be Should be
+ Read 0x00 0x00 -
Repeat
Start | Ox14 | 0x02 it 0x15 | oxxX | Oxxx [ stop
Should be Should be . .
0x90 O)l:BA Check if written
Start | Ox14 | O0x05 e 0x15 | OxXX | OxXX | Stop | correctly
Should be Should be (optional)
0x00 0x07
Repeat
Start | Ox14 | 0x03 e 0x15 | OxxX | OxxX | Stop
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D6T-8L-09

2. Reading data
Send the following commands to acquire the data. The received data has 19 bytes.
Slave Address Slave Address

+Write + Read ___PTAT(Low) PTAT(High)

Start | Ox14 | oxdac | FRePet | gx15 0xXX 0XXX

PO(Low) PO(High) P1(Low) P1(High) P2(Low) P2(High) P3(Low) P3(High)
OxXX OxXX OxXX OxXX OxXX OxXX OxXX OxXX

P4(Low) P4(High) P5(Low) P5(High) P6(Low) P6(High) P7(Low) P7(High) PEC
OxXX OxXX OxXX OxXX OxXX OxXX OxXX OxXX 0xXX Stop

[Received data item]
*PTAT:
Reference temperature data inside the sensor. 10-fold temperature value [°C] with a 16-bit
signed integer (two's complement).
(Calculation example)
When PTAT (Low): 0x20, PTAT (High): 0x01,
0x0120 -> 288 -> 288/10 = 28.8 (°C) at Int16

PO to P7:
Temperature data for each pixel. See the figure for the layout. =~ drection
10-fold temperature value [°C] with a 16-bit signed integer T,

(two's complement)
(Calculation example)

When PO (Low): 0x87, PO (High): OxFE, g_h\hh

OxFE87 ->-121 ->-121/10 =-12.1 (°C) at Int16 o
-PEC: ?
Packet error check code. PEC is data for checking for errors [
using the CRC-8 method, and is added at the end of the P4 e
communication output. The target range of PEC is from Slave —
Address + Write to P7 (High) data. PEC values are created Ps
using each 1-byte value. This PEC value can be used by “:\‘---.“
users to detect communication failures and improve data Ly
reliability. ““p‘;m
(See SMBus specifications for details) — Nt
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D6T-8L-09

(3) I?C access protocol
The terms of the I1°C access protocol are as follows.

“S" : Start Condition e

“Sr” : Repeat Start Condition 8oL \ / \ /

“p” : Stop Condition

“W/R”  : Write (Lo) / Read (Hi) R S '
“SACK” : Acknowledge by Slave o \_ﬁf LJ
“MACK” : Acknowledge by Master 5 or 5 P
“MNACK” : No-acknowledge by Master e S 107 Condition

|2C write access protocol

After the Start Condition, send the data with the write signal (="0” at bit0) added to the slave
address (bit7 to 1) and set it to write mode. Then, continue to send write data and set it to Stop
Condition.

SCL 7 6 5 4 3 2 1 0

” Command [sacy] Write Data [ sac] —|

> | Write Data [sack] Write Data [sack]  [stop]

*1. Black characters : Master — Slave, Blue characters : Slave — Master

I2C read access protocol
First, send a command in write mode. Next, set to Repeat Start Condition and then switch to read

mode to read the data.
SCL

SDA |Start| | SlaveAddress (0001 _010b) | 0 |SACKi Command "0x4C" |SACK| —|

:l Startl | SlaveAddress (0001_010b) | 1 |SACK] Read Data [PTAT (Low)] |MACK| —|

| Read Data [Pxx (High)] [macd Read Data [PEC] [mnacd  [stop|

*1. Black characters : Master — Slave, Blue characters : Slave — Master

If the SDA or SCL continues low input for the following amount of time, the communication will time
out and the sensor will stop.

*D6T-8L-09: 70msec
If the sensor determines that the communication has timed out, NACK is returned at the Write
access, but the read value will be FFFFh at the Read access. PEC is recommended for checking
data as it is capable of judging that the read value is abnormal.
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D6T-8L-09

(4) Sample Code

Sample code for Raspberry Pi can be found in the URL below.
https://github.com/omron-devhub/d6t-2jcieev01-raspberrypi/blob/master/d6t-8l.c

Sample code for Arduino can be found in the URL below.
https://qithub.com/omron-devhub/d6t-2jcieev01-arduino/blob/master/examples/d6t-81/d6t-8l.ino

The structure of the sample code is as follows.

/** <!-- main - Thermal sensor {{{1 --> void initialSetting(void) {
* 1. Initialize. uint8_t dati[] = {exe2,
* 2. Read data i2c_write_reg8(D6T_ADDR,
=/ uint8_t dat2[] = {oxes,

int main() {
ik 3 uint8_t dat3[] = {@xe3,
intl6_t itemp;
uint8_t dat4[] = {oxe3,

i2c_write_reg8(D6T_ADDR, dat4, sizeof(dat4));

i2c_write_reg8(D6T_ADDR,

i2c_write_reg8(D6T_ADDR,

0x08, 0x01, Oxee};
datl, sizeof(datl));
0x98, ©x3a, Oxb8};
dat2, sizeof(dat2));
0x00, 0x03, exsb};
dat3, sizeof(dat3));
0x00, 9x07, 0x97};

Power On

Wait 20 ms or more

il

delay(20); uints_t dat5[] = {exe2, ©x00, 0x00, exed};
/7 1. Initialize i2c_write_reg8(D6T_ADDR, datS, sizeof(dat5)); 1 I 1. Initialization l
initialSetting(); ¥
delay(5@0);

v(508); | Wait 500 ms or more |
while(1){

// 2. Read data

// Read data via I2C

memset(rbuf, @, N_READ);

. . . 12C Read

uint32_t ret = i2c_read_reg8(D6T_ADDR, D6T_CMD, rbuf, N_READ);

D6T_checkPEC(rbuf, N_READ - 1); PEC confirmation

3

//Convert to temperature data (degC)

ptat = (double)conv8us_s16_le(rbuf, @) / 10.0;

for (i = @; i < N_PIXEL; i++) {
itemp = convBus_s16_le(rbuf, 2 + 2*i);
pix_data[i] = (double)itemp / 1@.0;

}

//Output results
printf("PTAT: %4.1f [degC], Temperature:
for (i = @; i < N PIXEL; i++) {

printf("%4.1f,

", ptat);

", pix_data[i]);
¥

printf("[degC]\n");

delay(250);

—

2. Reading data

Convert to PTAT

Convert to temperature value

Display on screen

Wait 250 ms or more

27
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D6T-8L-09H

(1) Outline of I°C Interface

Slave Address 7bit (0001_010b)
8bit (with R/W bit) expression: Read : 15h, Write : 14h
Data bit width 8bit (MSB-first)
Clock speed Max. 100kHz
Clock stretch supported | Not supported

(2) Communication procedure
The procedure for communicating with the sensor is as shown below.
The sensor with standard specifications updates the measurement data within every 250 ms.
This is repeated regardless of the communication, and the measurement timing cannot be
controlled externally.

I Power On |

I Wait 20 ms or more |
v
1. Initialization

L 2
| Wait 500 ms or more |

2. Reading data

A 4

IWait 250 ms or morel
|

1. Initialization
Send and receive commands as shown below.
Slave Address + Write

Start 0x14 0x02 0x00 0x01 OxEE Stop

Start 0x14 0x05 0x90 0x3A 0xB8 Stop

Start | Ox14 | 0x03 | 0x00 | 0x03 | 0x8B | stop

Start | Ox14 | 0x03 | 0x00 | 0x07 | 0x97 | stop

Start | Ox14 | 0x02 | 0x00 | 0x00 | OxE9 | stop

Slave Address Should be Should be
+ Read 0x00 0x00 -

Repeat
Start 0x14 0x02 Start 0x15 OxXX 0xXX Stop

Should be Should be . .
0x90 0x3A Check if written

Start | Ox14 | 0x05 i 0x15 | OxxX | oxxX | stop |  correctly

Should be Should be (optional)
0x00 0x07

Start | Ox14 | o0x03 i 0x15 | OxXX | OxXX | Stop

29 D6T MEMS Thermal Sensors User’s Manual (A284)



D6T-8L-09H

2. Reading data
Send the following commands to acquire the data. The received data has 19 bytes.
Slave Address Slave Address

+Write + Read ___PTAT(Low) PTAT(High)

Start | Ox14 | oxdac | FRePet | gx15 0xXX 0XXX

PO(Low) PO(High) P1(Low) P1(High) P2(Low) P2(High) P3(Low) P3(High)
OxXX OxXX OxXX OxXX OxXX OxXX OxXX OxXX

P4(Low) P4(High) P5(Low) P5(High) P6(Low) P6(High) P7(Low) P7(High) PEC
OxXX OxXX OxXX OxXX OxXX OxXX OxXX OxXX 0xXX Stop

[Received data item]
PTAT:
Reference temperature data inside the sensor. 10-fold temperature value [°C] with a 16-bit
signed integer (two's complement).
(Calculation example)
When PTAT (Low): 0x20, PTAT (High): 0x01,
0x0120 -> 288 -> 288/10 = 28.8 (°C) at Int16

PO to P7:
Temperature data for each pixel. See the figure for the layout. =~ drection
5-fold temperature value [°C] with a 16-bit signed integer T,

(two's complement)
(Calculation example)

When PO (Low): 0x30, PO (High): 0x02, g_h\hh

0x0230 -> 560 -> 560/5 = 112.0 (°C) at Int16 o
*PEC: ?
Packet error check code. PEC is data for checking for errors [
using the CRC-8 method, and is added at the end of the P4 e
communication output. The target range of PEC is from Slave —
Address + Write to P7 (High) data. PEC values are created Ps
using each 1-byte value. This PEC value can be used by “:\‘---.“
users to detect communication failures and improve data Ly
reliability. ““p‘;m
(See SMBus specifications for details) — Nt
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(3) I2C access protocol
The terms of the I1°C access protocol are as follows.

“S” : Start Condition

“Sr” : Repeat Start Condition v N

“p” : Stop Condition set N/ N\

“W/R” : Write (Lo) / Read (Hi) i B L
“SACK” : Acknowledge by Slave SDA \ /fﬁ \ f
“MACK” : Acknowledge by Master - —
“MNACK" : No-acknowledge by Master S it SO Do

repeated START condition

I2C write access protocol
After the Start Condition, send the data with the write signal (="0” at bit0) added to the slave
address (bit7 to 1) and set it to write mode. Then, continue to send write data and set it to Stop

Condition.

SCL 7 6 5 4 3 2 1 0

” | Write Data [sack] Write Data [sacx]  [stop]

*1. Black characters : Master — Slave, Blue characters : Slave — Master

I2C read access protocol
First, send a command in write mode. Next, set to Repeat Start Condition and then switch to read

mode to read the data.
SCL

spA  [strt| | SlaveAddress (0001_010b) | o |sacq Command "0x4C" [sack] |

:l Startl | SlaveAddress (0001 _010b) | 1 |SACKi Read Data [PTAT (Low)] |MACK| ]

'l Read Data [Pxx (High)] |MACK1 Read Data [PEC] |MNACK2] |St0p|

*1. Black characters : Master — Slave, Blue characters : Slave — Master

If the SDA or SCL continues low input for the following amount of time, the communication will time
out and the sensor will stop.

*D6T-8L-09H: 70msec
If the sensor determines that the communication has timed out, NACK is returned at the Write
access, but the read value will be FFFFh at the Read access. PEC is recommended for checking
data as it is capable of judging that the read value is abnormal.
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(4) Sample Code
Sample code for Raspberry Pi can be found in the URL below.

https://github.com/omron-devhub/d6t-2jcieev01-raspberrypi/blob/master/d6t-8lh.c

Sample code for Arduino can be found in the URL below.

https://qgithub.com/omron-devhub/d6t-2jcieev01-arduino/blob/master/examples/d6t-8Ih/d6t-8Ih.ino

The structure of the sample code is as follows.

g in - s ‘ -
/ <! main - Thermal sensor {{{1 --> woid initinlsetiing(vaid) f

* 1. Initialize. uints_t datl[] = {0x02, @x00, 6x01, Oxee};

* 2. Read data i2c_write_reg8(D6T_ADDR, datl, sizeof(datl));

ko uint8_t dat2[] = {@x@5, @x9@, @x3a, @xb8};

int main() { i2c_write_reg8(D6T_ADDR, dat2, sizeof(dat2))
int i3 uint8_t dat3[] = {0x83, ©x00, Ox03, BxBb}

int16_t itemp;
uint8_t dat4[] = {@x@3, @xes8, @xe7, @x97};

i2c_write_reg8(D6T_ADDR, dat4, sizeof(datsd));

delay(28);

uint8_t datS[] = {@x02, ©x80, ©x00, Oxe9};
/f 1. Initialize

i2c_write_reg8(D6T_ADDR, dat5, sizeof(dat5));

initialsetting();
delay(500);

e

while(1){

// 2. Read data

// Read data via I2C

memset(rbuf, @, N_READ);
. . N 1°C Read
uint32_t ret = i2c_read_reg8(D6T_ADDR, D6T_CMD, rbuf, N_READ);
D6T_checkPEC(rbuf, N_READ - 1); PEC confirmation

//Convert to temperature data (degC)
ptat = (double)convBus_s16_le(rbuf, @) / 10.0; Convertto PTAT
for (i = @; 1 < N_PIXEL; i++) {

itemp = convBus_s16_le(rbuf, 2 + 2*i); Convert to temperature value

pix_data[i] = (double)itemp / 5.0;

//Output results
printf("PTAT: %4.1f [degC], Temperature: ", ptat);
for (i = @; i < N_PIXEL; i++) { Display on screen
printf("¥4.1f, ", pix_data[i]);

3}
b

printf("[degC]\n");

delay(250);

e
-

i2c_write_reg8(D6T_ADDR, dat3, sizeof(dat3));

Power On

Wait 20 ms or more

il

[ 1. Initialization

Wait 500 ms or more

|

—|  2.Read

ing data

Wait 250 ms or more
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D6T-44L-06 / D6T-44L-06H

(1) Outline of I°C Interface

7bit (0001_010b)

8bit (with R/W bit) expression: Read : 15h, Write : 14h
8bit (MSB-first)

Max. 100kHz

Supported

Slave Address

Data bit width
Clock speed
Clock stretch supported

(2) Communication procedure
The procedure for communicating with the sensor is as shown below.
The sensor with standard specifications updates the measurement data within every 300 ms.
This is repeated regardless of the communication, and the measurement timing cannot be
controlled externally.

| Power On |

Y

|Wait 620 ms or morel

Reading data

y
| Wait 300 ms or more |
|

\ 4

Reading data
Send the following commands to acquire the data. The received data has 35 bytes.

Slave Address Slave Address PTAT(LOW) PTAT(High)

+Write + Read
Start | Ox14 | oxac | RePet - ox5 0xXX XXX
PO PO P1 P1 P2 P2 P3 P3
(Low) (High) (Low) (High) (Low) (High) (Low) (High)
OxXX OxXX OxXX 0xXX OxXX 0xXX OxXX 0xXX
P4 P4 P5 P5 P6 P6 P7 P7
(Low) (High) (Low) (High) (Low) (High) (Low) (High)
OxXX OxXX OxXX OxXX OxXX OxXX OxXX OxXX
P8 P8 P9 P9 P10 P10 P11 P11
(Low) (High) (Low) (High) (Low) (High) (Low) (High)
0xXX 0xXX 0xXX 0xXX OxXX 0xXX OxXX 0xXX
P12 P12 P13 P13 P14 P14 P15 P15 PEC
(Low) (High) (Low) (High) (Low) (High) (Low) (High)
0xXX OxXX OxXX OxXX OxXX 0xXX OxXX 0xXX OxXX Stop
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[Received data item]
*PTAT:

Reference temperature data inside the sensor. 10-fold temperature value [°C] with a 16-bit

signed integer (two's complement).
(Calculation example)
When PTAT (Low): 0x20, PTAT (High): 0x01,
0x0120 -> 288 -> 288/10 = 28.8 (°C) at Int16

PO to P15:

Temperature data for each pixel. See the figure for the
layout. 10-fold temperature value [°C] with a 16-bit signed

integer (two's complement)
(Calculation example)
When PO (Low): 0x87, PO (High): OXFE,
OxFE87 -> -121 -> -121/10 =-12.1 (°C) at Int16

‘PEC:

X direction

Packet error check code. PEC is data for checking for errors using the CRC-8 method, and is
added at the end of the communication output. The target range of PEC is from Slave Address +
Write to P15 (High) data. PEC values are created using each 1-byte value. This PEC value
can be used by users to detect communication failures and improve data reliability.

(See SMBus specifications for details)
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(3) I’C access protocol
The terms of the I1°C access protocol are as follows.

“S” : Start Condition

“Sr” : Repeat Start Condition \ \

“‘P” : Stop Condition soL /N

“WI/R”  : Write (Lo) / Read (Hi) L — L
“SACK” : Acknowledge by Slave B / B /
“MACK" : Acknowledge by Master o\ (Y
“‘MNACK” : No-acknowledge by Master e e

repeated START condition

I2C read access protocol
First, send a command in write mode. Next, set to Repeat Start Condition and then switch to read

mode to read the data.
SCL

SDA |Start| | SlaveAddress (0001_010b) | 0 |SACK1 Command "0x4C" |SACK| ]

:l Startl | SlaveAddress (0001_010b) | 1 |SACK] Read Data [PTAT (Low)] |MACK| ]

i Read Data [Pxx (High)] [Macd] Read Data [PEC] [mnacd  [stop|

*1. Black characters : Master — Slave, Blue characters : Slave — Master

If the SDA or SCL continues low input for the following amount of time, the communication will time
out and the sensor will stop.

-D6T-44L-06 / D6T-44L-06H: 1sec
If the sensor determines that the communication has timed out, NACK is returned at the Write
access, but the read value will be FFFFh at the Read access. PEC is recommended for checking
data as it is capable of judging that the read value is abnormal.
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(4) Sample Code

Sample code for Raspberry Pi can be found in the URL below.
https://github.com/omron-devhub/d6t-2jcieev01-raspberrypi/blob/master/d6t-44l.c

Sample code for Arduino can be found in the URL below.
https://qgithub.com/omron-devhub/d6t-2jcieev01-arduino/blob/master/examples/d6t-441/d6t-44l.ino

The structure of the sample code is as follows.

/** <!-- main - Thermal sensor {{{1 -->
* Read data
®/
int main() {
IRE 3

int16_t itemp;
delay(620);

while(1){
// Read data via I2C
memset(rbuf, @, N_READ);
uint32_t ret = i2c_read_reg3(D6T_ADDR, D6T_CMD, rbuf, N_READ);
D6T_checkPEC(rbuf, N_READ - 1);

//Convert to temperature data (degC)
ptat = (double)conv8us_s16_le(rbuf, @) / 10.0;
for (i = @; i < N_PIXEL; i++) {
itemp = conv8us_s16_le(rbuf, 2 + 2%i);
pix_data[i] = (double)itemp / 10.0;
}
//0utput results
printf("PTAT: %4.1f [degC], Temperature: ", ptat);
for (i = @; i < N_PIXEL; i++) {
printf("%4.1f, ", pix_data[i]);
i
printf(*[degC]\n");

delay(300);

| Power On |

VL

| Wait 620 ms or more |

I°C Read

PEC confirmation

A 4
Reading data I

_.I

Convert to PTAT

Convert to temperature value

Display on screen

J

I Wait 300 ms or more |

37
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(5) Clock stretch

Clock stretch is a function that allows the slave to extend the SCL LOW period and make the
master wait when the I1°C slave cannot be processed in time. As the slave (D6T) has this function,
the master (MCU) must also support this function.

The I°C modules built into many MCUs have the automatic response function. Enable the clock
stretch according to the specifications of the MCU used.

When using a software-based I°C library such as an MCU with no built-in I°C module, check
whether there is a wait-compatible function beforehand. If this function doesn't exist, it is
necessary to add a wait detection routine as shown below to the SCL output.

SDA ¢ y| SDA
MCU D6T

SCL SCL

Request wait

Wait detection routine

I°C master I°C slave (sensor)
a) Output Lo to SCL (per Ack) Lo detection check for the SCL terminal
(Fixed wait) b) Output Lo to SCL (wait request)

c) Change SCL output to Hi-Z Waiting...
Change SCL terminal to input mode :
d) Check if the SCL terminal changes to Hi
Waiting for checking (LOOP)

Wait completed
e) Change SCL output to Hi-Z

f) Check completed (Hi detection)
Change SCL terminal to output mode
g) Move on to the next process

9)

SCL

C)
MCU outputs Lo .4_,‘1’

D6T OUtpUtS Lo —

’.‘
|
|
|
|
I
|
|
|
1

Check period of MCU C——lp
b) d f)

If setting the wait detection routine is difficult, add a wait time of 160 usec at each Ack to the
program.
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(1) Outline of I°C Interface

Slave Address 7bit (0001_010b)
8bit (with R/W bit) expression: Read : 15h, Write : 14h
Data bit width 8bit (MSB-first)
Clock speed Max. 1000kHz (Fast-Mode Plus)
Clock stretch supported | Supported

(2) Communication procedure
The procedure for communicating with the sensor is as

shown below. The sensor with standard specifications | Power On |
updates the measurement data within every 200 ms. This v
is repeated regardless of the communication, and the [ Wait 350 ms or more|
measurement timing cannot be controlled externally. y

1. Initial setting (optional)

1. Initial setting (optional)
Send commands as shown below. If the settings are not | Wait 390 ms or more|
changed, there is no need to send the initial settings. If the J

settings are not changed, the unit will operate with the
default settings. Perform the initial settings 350 ms after

A 4

2. Reading data

the power is turned on. If the power is turned off, the
changed settings will be deleted and the default settings
will be used.

| Wait 200 ms or more|
| |

Slave Address Register Write
+ Write Address data

Start 0x14 0x01 OxXX Stop

Below are the details of the registers.

Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x01 IIR[3] IIR[2] IR[1] IIR[0] | Avg[3] | Aval2] | Avg[1] | Avg[0]
Default 0 0 0 0 0 1 0 0

IIR[3:0]: lIR filter settings.
The coefficient setting of the IIR filter can be set to 0 (through)
or1to15.
If C is 4 times the set value,
thenY = ((C-1) x Yold + X) / C.
The higher the coefficient of the IIR filter, the smaller the noise,
but the response time will be slower.

Avg[3:0]: Moving average setting.
The moving average can be set from 0 to 10.
0 and 1 are the same. Raw data
The default value is 4. Avg = 0
The higher the number of moving averages, the

smaller the noise, but the response time will be slower. | I |

The figure on the right is an example of the

moving average. When the moving average is

set to 4, the value will be the average of the past Avd = 4
4 data.

e
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2. Reading data
Send the following commands to acquire the data. The received data has 2051 bytes.

Slave Address PTAT PTAT
+Write (Low) (High)
start | ox14 | oxap | PP |opas | oxxx | oxxx
Start
PO PO P1 P1 P2 P2 P3 P3
(Low)  (High) (Low) (High) (Low) (High) (Low) (High)

OxXX OxXX OxXX OxXX OxXX OxXX OxXX OxXX

P4 P4 P5 P5 P6 P6 P7 P7
(Low)  (High) (Low) (High) (Low) (High) (Low) (High)

OxXX OxXX OxXX OxXX OxXX OxXX 0xXX OxXX

P8 P8 P1019 P1019
(Low) (High) (Low) (High)
OXXX OXXX ---------------------- OXXX OXXX

P1020  P1020 P1021 P1021 P1022 P1022 P1023  P1023
(Low)  (High) (Low) (High) (Low) (High) (Low)  (High)

0xXX 0xXX 0xXX 0xXX OxXX OxXX OxXX 0xXX OxXX Stop

PEC

[Received data item]
-PTAT:
Reference temperature data inside the sensor. 10-fold temperature value [°C] with a 16-bit
signed integer (two's complement).
(Calculation example)
When PTAT (Low): 0x20, PTAT (High): 0x01,
0x0120 -> 288 -> 288/10 = 28.8 (°C) at Int16

PO to P1023: B
Temperature data for each pixel. See the figure for the
layout. 10-fold temperature value [°C] with a 16-bit signed T
integer (two's complement) L”“
(Calculation example) J
When PO (Low): 0x87, PO (High): OxFE, T~
OxFE87 -> -121 -> -121/10 =-12.1 (°C) at Int16 Q

-PEC:

Packet error check code. PEC is data for checking for errors using the CRC-8 method, and is
added at the end of the communication output. The target range of PEC is from PTAT (Low) to
P1023 (High) data. PEC values are created using each 1-byte value. This PEC value can be
used by users to detect communication failures and improve data reliability.

(See SMBus specifications for details)
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(3) I?C access protocol
The terms of the I1°C access protocol are as follows.

“S” : Start Condition

“Sr” : Repeat Start Condition o N

“p” : Stop Condition et /N

“WIR”  : Write (Lo) / Read (Hi) _ B i
“SACK” : Acknowledge by Slave SDA \ /_ \ /
“‘MACK” : Acknowledge by Master - —
‘MNACK”: No-acknowledge by Master filo.crxi: sondition 'Q\"gﬁfbanditim

repeated START condition

I2C write access protocol
After the Start Condition, send the data with the write signal (="0” at bit0) added to the slave
address (bit7 to 1) and set it to write mode. Then, send write data and set to Stop Condition.

SCL 7 6 5 4 3 2 1 0

sDA [start] | SlaveAddress (0001_010b) [ 0 Jsacq —|

Register Address |SACK| Write Data | SACKl | St0p|

*1. Black characters : Master — Slave, Blue characters : Slave — Master

I2C read access protocol
First, send a command in write mode. Next, set to Repeat Start Condition and then switch to read

mode to read the data.
SCL

sbA [start| | SlaveAddress (0001_010b) [ 0 [sack] Command "0x4D" [ sack] —I

Moar] | SlaveAddress (0001_010b) [ 1 [sac] Read Data [PTAT (Low)] [mack] —I

L - - - _l

Read Data [Pxx (High)] macy Read Data [PEC] [mnac]  [stop]

*1. Black characters : Master — Slave, Blue characters : Slave — Master

If the SDA or SCL continues low input for the following amount of time, the communication will time
out and the sensor will stop.

- D6T-32L-01A: 1 sec
If the sensor determines that the communication has timed out, NACK is returned at the Write
access, but the read value will be FFFFh at the Read access. PEC is recommended for checking
data as it is capable of judging that the read value is abnormal.

D6T MEMS Thermal Sensors User’s Manual (A284) 42



D6T-32L-01A

(4) Sample Code
Sample code for Raspberry Pi can be found in the URL below.
https://github.com/omron-devhub/d6t-2jcieev01-raspberrypi/blob/master/d6t-32I.c

Sample code for Arduino can be found in the URL below.
https://qgithub.com/omron-devhub/d6t-2jcieev01-arduino/blob/master/examples/d6t-321/d6t-321.ino

The structure of the sample code is as follows.

[*=**%%% setting parameter **ss**s/
#define D6T_IIR 0x00 IIR setting can be changed from 0x00 to 0xOF,

6T E 0x04 and average setting from 0x00 to 0x0A.
2 Wait 350 ms or more

void initialSetting(void) {

int main() {

int 1;
#de

int16_t itemp;

‘jelliy(i:?z;a“ﬁe uint8_t datl[] = {D6T_SET_ADD, (((uint8_t)D6T_IIR << 4)&&xF@) | (OxOF && (uint8_t)DET_AVERAGE)}; 1 I 1. Initial setting (optional) |
< - - i2¢c_write_reg8(D6T_ADDR, datl, sizeof(datl));
initialSetting(); 3
delay(398); Wait 390 ms or more
while(1){

// 2. Read data

// Read data via I2C
memset(rbuf, @, N_READ);
for (i = @; i < 10; i++) {

uint32_t ret = i2c_read_reg8(D6T_ADDR, D6T_CMD, rbuf, N_READ); 12C Read
if (ret == @) {
break;
}
else if (ret == 23) { // write error
delay(6@);
} y
else if (ret == 24) { // read error 2 _.I 2. Reading data
delay(60);

i
D6T_checkPEC(rbuf, N_READ - 1); PEC confirmation
//Convert to temperature data (degC)
ptat = (double)convBus_s16_le(rbuf, @) / 10.0; Convert to PTAT
for (i = @; 1 < N_PIXEL; i++) {
itemp = convBus_s16_le(rbuf, 2 + 2*i);
» =161 ’ ) Convert to temperature value
pix_data[i] = (double)itemp / 10.0;

}
//Output results
printf("PTAT: %4.1f [degC], Temperature: ", ptat);
for (1 = @; i < N_PIXEL; i++) {
printf("%4.1f, ", pix_data[i]); Display on screen
}
printf("[degC]\n");

delay(200); Wait 200 ms or more
}
t
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(5) Clock stretch

Clock stretch is a function that allows the slave to extend the SCL LOW period and make the
master wait when the I°C slave cannot be processed in time. As the slave (D6T) has this function,
the master (MCU) must also support this function.

The I°C modules built into many MCUs have the automatic response function. Enable the clock
stretch according to the specifications of the MCU used.

When using a software-based I2C library such as an MCU with no built-in 1°C module, check
whether there is a wait-compatible function beforehand. If this function doesn't exist, it is
necessary to add a wait detection routine as shown below to the SCL output.

Wait detection routine

DA DA
S ¢ ) S

MCU D6T
ScL &Eﬂ SCL

Request wait

c) Change SCL output to Hi-Z

Waiting for checking (LOOP)

Change SCL terminal to input mode
d) Check if the SCL terminal changes to Hi

[°C master I°C slave (sensor)
a) Output Lo to SCL (per Ack) Lo detection check for the SCL terminal
(Fixed wait) b) Output Lo to SCL (wait request)

Waiting...

Wait completed
e) Change SCL output to Hi-Z

f) Check completed (Hi detection)

g) Move on to the next process

Change SCL terminal to output mode

SCL

MCU outputs Lo .4_,‘1’

D6T outputs Lo —)

Check period of MCU

c) e) 9)

Y

—
b) d

If setting the wait detection routine is difficult, add a wait time of 160 usec at each Ack to the

program.
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