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1. #EZ (General specifications)
EZVEYGP2Y1040AUOF T —vay/—R X, 1229V %
FEHTELS BoSE L LTHEL &, EHFE, BHEOFEEFE, #Hitr — 2 %%
B ELDEHLDTT,
BEAROBRGHIAEATEE I RBEVE L E7,
H., KEBZZSE L L CHEE., #HAIC D FEEREIC CHMERO EHERA T IV,

This Application Note of dust sensor module (GP2Y1040AUOF) is a document consists from
explanation how to use, cautions when using it, and characteristics data, for the customer's
reference when applying this device.

When designing the device, please refer to this document and also evaluate it under actual
usage conditions.

2. %K (Features)

- VCSEL |2 & % Yt 1317
- fe/) 0.3pm F TORLF-FHIA ATEE
RFEEIRE, BLO, HREREOV TLVZ A LT
- EREEE. W, EEIRE
ca Ny het A X (HE : 12mm)
cQFHFADA v H—T7 = —A (UART. I2C) % ZIRAIHE
CEEEERC LD T 7 VY INE O BB S U — = T HERE B 5
- 77 RS A rTRE (B A XA TR
- VCSEL-based light scattering particle sensing
- The smallest size of available measurement: 0.3pm
- Real-time output: mass concentration (ng/m3) and number concentration #/cm?3)
- High accuracy, high sensitive and quick response
- Compact size (Hight: 12mm)
- Two types of interfaces (UART and I2C) available
- Automatic cleaning function inside the fan by high-speed rotation.
- Fan speed can be controlled (acoustic noise can be adjusted)

3. R XTZER (Objecs to detect)
CONDRKX AN | IR oM,
- House dust, Cigarette smoke, etc.

4. FHiE (Application)
- e

s T Y

RS AT A

§

. GEAEmLA

- Air puriﬁer

- Air conditioner

- Ventilation system

- Air quality monitor

- Consumer electronic products
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5. 70w % (Block diagram)

Inlet
Air flow veseL | VCoEt Drive power Vee
Circuit Circuit
detection -
area N ° o
| © o | 3.3V
e e T
dust . ® o i
particles { ° e i
T PD Amplifier GND
T Circuit
DN / SEL
\\ /’/ Frequency Generator signal MCU
A /
\ RXD / SCL
FAN FAN Drive TXD / SDA
Circuit
outlet

Fig.1. 7w v 7 [ (Block diagram)

6. T7 78— (Air flow diagram)

_
7
( 1

Fig.2. =7 7w —[X (Air flow diagram)
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7. E>EEF) (Pin arrangement)

7.1 ym—FE%BA (Pin descriptions)

Table 1. Y =2—/LH 6 B> 27 # (6pin connector to the module)

FiZ | Wmf4 Ui - 7 B fi T
No. | PIN Name Description Remarks
TXD UART : Transmitting Pin
1 3.3V Logic
SDA I2C :Serial data
RXD UART : Receiving Pin
2 3.3V Logic
SCL 12C : Serial clock

UART : Floating or 3.3V

3 SEL Interface select 12C - Low level (=GND)
4 GND Ground —

5 Vce Supply Voltage 5V+10%

6 GND Ground —

cAFE L BFE AT IR OND IZHERE L T ZEW
- Please connect both No.4 pin and No.6 pin to GND.

(5
S

Pin.1-6
j! R Iy
0% 2 G+
Connector terminal

Fig.3. & #4 K (outline)
7.2 HAOaxr+o Z4EHk (Specifications of output connector)

CEVa—LarsX50801W00—-6P—-S—HF; JCTC #
- The module connector 50801W00-6P-S-HF ; Shenglan Technology.co.,LTD.(JCTC)
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8. A% (Description of usage)

« AR IX AR B E G (UART) Z# W= — X B E LI HWET — X B ED2oDEE
FERHY £,

- This sensor uses two communicatinon way, UART and 12C.

8.1 UART « > &2 — 27 = —X (UART interface)

8.1.1 ¥E#%f5 (Example of connection)

SENSOR —=- HOST MCU

™0 RXD

RXD |2 XD

SEL 2 Floating(or 3.3V)

GND |~

vee P2

GND [ GND

S

Fig. 4. #%#¢f5] (example of connection)

“UARTA > % —7 = — A &M HT 2881k, SELIF BB E )2 70 —F 4 > 7 (b L< 133.3V)
LT 7Ean,
- To select the UART interface, set the SEL terminal (pin 3) to floating (or 3.3V).

« & Y ORXDEG - & AR A R OTXDG T & $ife L7 WiH&id, &4 ORDEGF (2/FE ) (T7 0
—T 4 TICLTLIEE Y, ZOHA, RiBONy 72— NN TE £ A,

- If the RXD terminal of the sensor and the TXD terminal of the host are not connected,
leave the RXD terminal (pin 2) of the sensor floating. In this case, the passive mode

described later cannot be used.

- TXD#i . RXD¥ii . SEL¥i 11X, 3.6VEL EOEBEAFIMLAZWVWTLSZE W,
- Please do not apply more than 3.6V to TXD, RXD and SEL terminal.
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8.1.2 79 T4 7E—F (Active Mode) *default UART mode

- BRBEABROT 7NV NE—FRIE, 72774 7EFE—NZRVET, 777 47EF—FT
. YV T AT =2 2RI EICABRICHALET,
- The default mode after power-on is active mode. In active mode, the sensor automatically

outputs serial data about every second.

c T =7 L= LOHRIE, AZ =By b T, AbhyTEy FpbLRY, 1T =X
T —AZ LAY TT—F 2 RELET,
- The data frame consists of start bit, data and stop bit. It sends the data asynchronously

within each data frame.

AR YE, 1RICIEl, FRFig 5lcRT Xk H21C, 2834 hoT—2EH DL ET .,

- This sensor outputs 28 bytes of data once in a second as shown in Fig.5 below.

NC 03e&T F—-R(E214 )
Data of NC_0.3 (2Byie)

A
f !
0 1 2 3 4 5 6 7 8 )
Fxl Fm NC 03 | NCO03 | NCOS5 | NCOS NC_1 NC_1 NC 25 | NC25
ISE) SE) ISE) SE) ISE SB ISE SE
{0=FF) {0xFA) (MSE) (L5E) (MEE) (LSE) {(MSE) (LSE) (MSE) {LSE)
H‘,_)

1F—R7 L —Ails54 )
1 data framei(1Byte)

20 21 22 23 24 25 26 27
BMI_2 PMI2 | PM252 | PM2S2 | PMIO2 | PMIO2 | | CHECK
{MSE) {LSE) (MSE) {L3E) (MSE) {L5E) T SUM

Fig.5. 7 — X N% (Contents of data)

Y NBH I END28, FOT 2T, TARTHARAALTLIE SN,

- Prease read all 28 bytes of data output from this sensor.

cZET LA ORFHD2NA, N QRT 2T L —L)IE, THORBERT AL —F T L —LATT,
O0xFF, 0xFAZ IV CT7 — Z OSSR IE 2 8 L TR S W,

— The first 2 bytes (2 data frames) of received data is the Start Frame that indicates the start
of the data. Please check the start position of the data by using 0xFF, 0xFA.
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- CheckSumlE, A& — 7 L—AFB KX UReservedz BT X THOT—FZ 7 L—L 2134 ) &0
BUZTFAINA RELET, ZIET —F OCheckSumMS—F L= DOZAET — 4 OH &M L TL
7230,

- CheckSum means lower 1 byte data which is the sum of all data frames (27 bytes) including
start frames and Reserved. The Received data can be used when the received data and the Check

Sum match.

8.1.3 T—#4 7 L—.L (Data frame)

Table_2. ¥ —# 7 L — A% E (Data frame setting)

Parameter Value
Data bit size 8hit
Parity none
Stop bit size 1bit
Baud Rate 9600 bps

R ET—EADT—HE T L —LDT7 F—~ v MIFXFig. 6D X ol £9,

- The format of the data frame of receiving data is as shown in Fig.6 below.

Start Bit 0 Bit 1 Bit 6 Bit 7 Stop
TxD \  Bit /< >< >< ; Bit

1 T—X7L—AL01})
1 data frame(1Byte)

Fig.6. —# 7L —A®D 74—~ b (Format of data frame)

8.1.4 RIET—42 74+—< v k (Measurement data format of UART)

cUARTOWIET —H 7 4 —~ v b & F#£Table 312" L 7,

- The measurement data format of UART is shown in Table_ 3 below.

- FEREOMBIZART LI, BUARTH N T — 1321 NOE Y 2T 4T D7 4 —< v MIC
o TWET,
- As shown in Figure 5 above, each UART output data is in 2 byte big endian format.
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Table 3. MET —# 7 4+ —~ v b (Measurement Data Format of UART)

Size
Byte Symbol Format Description
y y [byte] p
0-1 Start Frame 2 0xFF, OxFA Start of output data
2-3 NC_0.3 2
4-5 NC_0.5 2 3
— Unsigned int (16bit) NC_X[0.1/em]
6-7 NC_1 2 big-endian Number concentration of
8-9 NC 2.5 2 particle size Xum-10um
10-11 NC_4 2
Information about the internal state
12-13 Status 2 -
of the dust sensor module
14-15 PM1 1 2 ) ) . PMX_1 [pg/m®]
Unsigned int (16bit) . . .
16-17 PM2.5 1 2 big-endian Mass concentration of particle size
18-19 PM10 1 2 0.3um-Xpm (standard particle)
20-21 PM1 2 2 . . . PMX_2 [pg/m®
= Unsigned int (16bit) - [ng/m] . .
22-23 PM2.5 2 2 big-endian Mass concentration of particle size
24-25 PM10 2 2 0.3um-Xum (cigarette smoke)
26 Reserved 1 - reserved for future expansion
27 CheckSum 1 unsigned int (8bit) Check sum (8bit)

« NC_X (Byte2-11) %, T Z ki T-R&PH : Xum~10umiZB I 2 EEREH T2 £ L TE
V. ZOHAL0. 1 Sem®]IT2 0 T,
- NC_X (Byte2-11) represents the number concentration output in the particle size range

X pm to 10 um, and the unit is [0.1 particles / cm3].

- PMX_1(Bytel4-19) 1%, Zh i, K FREHPH : 0.3 p m~XumlZ 31T D AR ERL - D B & i
HMAhEaRLTEBY, TOHEAMITpe/ mI2700 £4, ¥R T & LTKCL (B Y v L)
W2 AL TWET,

- PMX_1 (Byte14-19) represents the mass concentration output of standard particles in
the particle size range 0.3 pm to X pm, and the unit is [pg / m3]. As standard particles,

KCI (potassium chloride) particles are used as standard particles.

- PMX_2 (Byte20-25) 1%, Zh i, K FREHM : 0.3 pn~XunllBF 5, X OH
BREMNNDZERLTEBY, TOHMIT[pe/ m]ITh 0 £9, EERE (X2 L LT
JTE DMebius, X%, #LE I (Hong Ta Shan) ZfEM L TWE 4,

- PMX_2 (Byte20-25) represents the mass concentration output of cigarette smoke in the
particle size range 0.3 pm to X pm, and the unit is [pg / m3]. As a standard sample
(cigarette smoke), JT's Mebius or Hong Ta Shan is used.

Sharp Fukuyama Semiconductor Co., Ltd. Confidential and Proprietary
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- Status (Bytel2-13) . IV HEVa— LONDKREICETAEREZRLTVET
(Bit0-Bit2), Bit3-Bitl5lc2WTIiL, IFRDILEPICTFHEINTWE T,

- Status (Byte12-13) represents information about the internal state of the dust sensor

module (Bit0-Bit2). Bit3-Bit15 are reserved for future expansion.

15

14

13

12

11

10

9

8

Byte 12 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
7 6 5 4 3 2 1 0
Byte 13 Reserved Reserved Reserved Reserved Reserved Fan Speed Dust . High .
Accumulation Concentration

Bit 0 : High Concentration

0 JREEIFHIE T RERDH

1 REDSEERE (UIEGE

Bit 1 : Dust Accumulation
0 : IEH GHEREE

1 B NEICIEZ 0 NERE IEAREE)

Bit 2 : Fan Speed
7 7 o EEABUTIER,
7 7 o REE R E RS

0 :
1:

0: Concentration is within the measureable range.
1: Concentration is extremely high (not measurable).

0: Normal (measurable)

0: Fan Speed is normal.
1: Fan Speed is out of the set range.

* Byte26i%. FRKOILEARHIZ TR I TWVET,

- Byte26 is reserved for future expansion.
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8.1.5 /8w ¥ JE— K (Passive Mode) *change mode

T ITATE=F (T ANEERE) D, Ny T E-NCEEE-FELETDH L
IZ& D, FHTable 4IZRT LI, EFEDFA IV I TORET —Z DG L, Fa~xr
ROFIT, MO, NN TA—FORELZELNAREIZR D £7,

- By changing the operation mode from active mode (default setting) to passive mode, it
is possible to read measurment data at any timing, execute commands, and change

parameter settings as shown in Table_4 below.

Table_4. " A K 7w k=)L (Host Protocol)

START bytel START byte2 Command Datal Data2 Check Suml Check Sum?2
0x42 0x4D CMD DATAH DATAL CSH CSL
- Checksum = 0x42 + 0x4D + CMD + DATAH + DATAL
Command definition
CMD DATAH DATAL SYMBOL Function
OxE2 X X READ Read in passive mode
0x00 Passive mode
OxEl X MODE -
0x01 Active mode (default)
0x00 Sleep
OxE4 X SLEEP
0x01 wake up
0x01 X X CLEAN Start Cleaning
0x02 0x81 X RESET Software reset
Set the number of moving averages
0x03 0x00 DATA MAVE 1-60 [times] <default = 10>
Set interval time
0x04 0x00 DATA TINT 0-59 [s] <default = 0>
Set the pre-rotation time of the fan
0x05 0x00 DATA TPREFAN 0-59 [s] <default = 3>
Set interval time for auto cleaning
0x06 DATA DATA TINTC 0-60480 [10s] <default = 60480>
Set cleaning time
0x07 0x00 DATA TCLEAN 0-255 [s] <default = 10>
Fan Speed Control
0x08 0x00 DATA SPEEDFAN 60-100 [%] <default = 100>

“X” means “Don’t care”
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@ fE %l (Example Frames)

CE—RNEEW T T 4T EFE—F>RNy v TE—NR

- change mode : Active mode — Passive mode

0x42 0x4D OxEl 0x00 0x00 0x01 0x70
cEF—FRELEE RNy TE—F>T T 47—
- change mode : Passive mode — Active mode

0x42 0x4D OxE1 0x00 0x01 0x01 0x71

CF—HHBML Ry T =), MAF =407+ =<y MNE, 7747 E— FLT

CTd, M,

Read in passive mode. The output data format is the same as in active mode. Please set

=Ju o=

T —Za AL OMBRIT IR L BT E

the data read interval to 1 second or longer.

LT 7EE,

0x42 0x4D OxE2 0x00 0x00 0x01 Ox71
c AU =T REH
- Change to sleep mode
0x42 0x4D OxE4 0x00 0x00 0x01 0x73
c AV =T F— Kb ORIF
- Wake up from sleep mode
0x42 0x4D OxE4 0x00 0x01 0x01 0x74

e

I V== T DFET, avr RELT

Start cleaning. After executing the command, the sensor interrupts the measurement and performs

cleaning.

%, B —IXREZTW LY UV —=0 I NETINET,

0x42

0x4D

0x01

0x00

0x00

0x00

0x90
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V7 M)y bavwr R, avy RETE, B —@3v—34r Uty hERCREICRY 9,
- Soft reset command. After executing this command, the sensor will be in the same state as a power-

on reset.

0x42 0x4D 0x02 0x81 0x00 0x01 0x12

s XT A—RIEHE, BlzIE, TCLEAN (7 V) —= 78, 774/ h=108) % 60 FHcAEH
- Change parameters. For example, change TCLEAN (= cleaning time, default = 10 seconds) to 60

seconds.

(1) E—FEEH . TI7T74TEF—F>RNy v 7E—F

change mode : Active mode — Passive mode

0x42 0x4D OxE1 0x00 0x00 0x01 0x70

(2) 737 A —% : TCLEAN % 60 IR E
Parameter : TCLEAN set to 60 seconds.

0x42 0x4D 0x07 0x00 0x3C 0x00 0xD2

(3) MRTIA—=HEREHR., BT =R T L —AT—INa—L Xy 7 INFET,

After setting the parameters, the same frame data is called back from the sensor.

0x42 0x4D 0x07 0x00 0x3C 0x00 0xD2

4) FE— REEE . Xy TE—RF>T 054 7F—R (777574 7F— FEFEHTL5E)

change mode : Passive mode — Active mode (when using active mode)

0x42 0x4D OxE1 0x00 0x01 0x01 0x71

-+ k3R Table_4 @ CMD=0x03~0x07 D 2~ > RIZB L Tik, NT7 A —FFEE, B H-mHHEET7 L—2A
T—ANa— Ny 7 INET, Q) EHRE,
- For the commands of CMD=0x03 to 0x07 in Table_4 above, the same frame data is called back from

the sensor after setting the parameters. See (3) above.
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821°C A4 >3 —7 x—X (I°C interface)

8.2.1 #E#if (Example of connection)

3.3v
SENSOR =~ HOST MCU

SDA - SDA

E

anple

el

GND 2 & GND

777

Fig. 7. T°CH 1 D$%#61 (Example connection of 12C output)

CI2CA U HF—T 2 —RAEERTHEAIT. UV OBERAR. k., BV OBEFRKEALF
BiC, SEL¥E - (33/ E L) ZGND(OV) IC#EfE L TL 72 &0,
- In order to select the I2C interface, the SEL terminal (Pin 3) must be connected to GND

(0V) before or at the same time when the sensor is powered on.

+ EIFig. TIZ/RT X 51T, SCLU T & SDAN 21, SN T 7 v 7t (Bl 21X, 10kQ)
L T E a0,
- SCL and SDA terminals should be connected to external pull-up resistors (e.g. 10k Q) as

shown in Fig.7 above.
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8.2.2 I°C BIEM1E#k (Specification of I2C interface)

< ARG O 12CHAE DAk Z T & Table 51" LE T,
- The spec of 12C output is shown in Table_5 below.

Table 5. I1?°Ci#{g @O ft:4% (Specification of 12C interface)

Slave address 0x69
Clock frequency 100kHz
General Call Address Unsupported

CWET IR EHESNET (T 74NV ERE), A X — VRO ETICE Y,
EMRE (F—2 TR 2R 352N TT (Rih),
- Measured data is updated once a second (default setting). The measurement interval

(data update interval) can be changed by changing the interval time. (See below)

CMET =2 2R AT S, TROFig 8IZR-T X912, 12CU — Kz~ FTI2Byted T
BB CREAIA L TL TS0,
- When reading the measured data, please read all 72-byte data frames continuously by

12C read command, as shown in Fig.8 below.

. Start

S

P : Stop .

A - ACK :Master send
N

: NACK
SADD : Slave address . :Slave send

Y
72 Byte

Fig.8. 7 — % OHisir (Reading data)
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8.2.3 BIET—4R 7+—< v b (Measurement data format of 1°C)

cICA VB —T 2 —ATOWWET —F 7+ —~ v F% FFTabel 6123 L F1,

- The measurement data format of I2C interface is shown in Table 6 below.

Table_6. MET —% 7 +—~ v b (Measurement data format of 12C)

Size

Byte Symbol [Byte] Format Description

0,1 2 Upper two bytes NC_0.3 [1/cm?]

2 NC 0.3 1 CRC-8 for bytes 0,1 Number concentration of

3,4 - 2 Lower two bytes particle size 0.3um-10pm

5 1 CRC-8 for bytes 3,4 <IEEE754 float(32bit), big-endian>

6,7 2 Upper two bytes NC_0.5 [1/cm?]

8 NC 05 1 CRC-8 for bytes 6,7 Number concentration of
9,10 — 2 Lower two bytes particle size 0.5um-10pm
12,13 2 Upper two bytes NC_1 [1/cm?]

14 NG 1 1 CRC-8 for bytes 12,13 Number concentration of
15,16 - 2 Lower two bytes particle size 1um-10pum

17 1 CRC-8 for bytes 15,16 <IEEE754 float(32bit), big-endian>
18,19 2 Upper two bytes NC_2.5 [1/cm?]

20 NG 2.5 1 CRC-8 for bytes 18,19 Number concentration of
21,22 - 2 Lower two bytes particle size 2.5um-10um

23 1 CRC-8 for bytes 21,22 <IEEE754 float(32bit), big-endian>
24,25 2 Upper two bytes NC_4 [L/cm?]

26 N 1 CRC-8 for bytes 24,25 Number concentration of
27,28 - 2 Lower two bytes particle size 4pm-10pm

29 1 CRC-8 for bytes 27,28 <IEEE754 float(32bit), big-endian>
30,31 2 Upper two bytes

32 Status 1 CRC-8 for bytes 18,19 Information about the internal state
33,34 2 Lower two bytes of the dust sensor module

35 1 CRC-8 for bytes 21,22
36,37 2 Upper two bytes PM1_1 [pg/m?]

38 SVl o 1 CRC-8 for bytes 36,37 Mass concentration of particle size
39,40 - 2 Lower two bytes 0.3um-1um (standard particle)

41 1 CRC-8 for bytes 39,40 <IEEE754 float(32bit), big-endian>
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Size

Byte Symbol [Byte] Format Description
42,43 2 Upper two bytes PM2.5 1 [pg/m3]

44 OM2.5 1 1 CRC-8 for bytes 42,43 Mass concentration of particle size
45.46 - 2 Lower two bytes 0.3pum-2.5um (standard particle)

47 1 CRC-8 for bytes 45,46 <IEEE754 float(32bit), big-endian>
48,49 2 Upper two bytes PM10 1 [pg/m3]

50 oM10 1 1 CRC-8 for bytes 48,49 Mass concentration of particle size
5152 - 2 Lower two bytes 0.3um-10pum (standard particle)

- 1 CRC-8 for bytes 51,52 <IEEE754 float(32bit), big-endian>
54,55 2 Upper two bytes PM1_2 [pg/m?]

56 ML 2 1 CRC-8 for bytes 54,55 Mass concentration of particle size
5758 - 2 Lower two bytes 0.3um-1pm (cigarette smoke)

5 1 CRC-8 for bytes 57,58 <IEEE754 float(32bit), big-endian>
60,61 2 Upper two bytes PM2.5_2 [pg/m®]

62 SM2.5 2 1 CRC-8 for bytes 60,61 Mass concentration of particle size
63.64 - 2 Lower two bytes 0.3um-2.5um (cigarette smoke)

- 1 CRC-8 for bytes 63,64 <IEEE754 float(32bit), big-endian>
66,67 2 Upper two bytes PM10_2 [pg/m?]

68 oM10 2 1 CRC-8 for bytes 66,67 Mass concentration of particle size
69,70 - 2 Lower two bytes 0.3um-10pum (cigarette smoke)

1 1 CRC-8 for bytes 69,70 <IEEE754 float(32bit), big-endian>

T =21k, TROFig. 90 L 212, Efr2/84 k& F2AA M2 T b, ThEh o2
A MIZK L TCRC-8BfF IS TV E T,
- Output data is divided into upper 2 bytes and lower 2 bytes as shown in Figure 9 below,
and CRC-8 is added to each 2 bytes.

0 1

2 3

4 5

upper 2 bytes

CRC-8

lower 2 bytes

CRC-8

Fig.9. 7 —4% ®N% (Contents of data)

« NC_X (Byte0-29) . =N, KR -&EMH : Xum~10unll BT 2EEEEL HE2FEF LT
BO., TOHEMBUE el 9,

- NC_X (Byte0-29) represents the number concentration output in the particle size range

X pm to 10 pm, and the unit is [particles / cm3].
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« PMX_1(Byte36-53) 1%, Th i, K HREHDH : 0.3 m~XumlZI 1T DARUERL O BRE
HhzRLTEBY., TORMIT[pe/ IR0 £3, FEHER & LTKCL (FEibkr U vL)
BLFZ2MHLTWES,

- PMX_1 (Byte36-53) represents the mass concentration output of standard particles in
the particle size range 0.3 pm to X um, and the unit is [ig / m3]. As standard particles,

KCl1 (potassium chloride) particles are used as standard particles.

* PMX_2 (Byteb4-T1) X, TN AL, KL FLEHH : 0.3 um~XpumlZBF 5, X ZHER+DH
BREMNDZXZL TR, TOBEMIT[pe/ 2720 £9, FEERKE L L TITROMebius
EEALTWET,

- PMX_2 (Byte54-71) represents the mass concentration output of cigarette smoke in the
particle size range 0.3 um to X pm, and the unit is [pg / m3]. As a standard sample, JT's

Mebius 1s used.

» Status (Byte30-35) 1%, 1 FZ VW B VBV 2 — L ONEREICHETIHEHREEZEL VX T
(Bit0-Bit2), Bit3-Bit3LIZ DWW TI&, FfROILEMICT RSN TWET,
- Status (Byte30-35) represents information about the internal state of the dust sensor

module (Bit0-Bit2). Bit3-Bit31 are reserved for future expansion.

31 30 29 28 27 26 25 24
Byte 30 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved

23 22 21 20 19 18 17 16
Byte 31 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved

15 14 13 12 11 10 9 8
Byte 33 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved

7 6 5 4 3 2 1 0
Byte 34 Reserved Reserved Reserved Reserved Reserved Fan Speed Dust . High .

Accumulation Concentration

Bit 0 : High Concentration
0 © JREEIFIE rTReHipH 0: Concentration is within the measureable range.
1 REDSHEERE (EARW) 1: Concentration is extremely high (not measurable).

Bit 1 : Dust Accumulation
0 : IEH (AIErTRE 0: Normal (measurable)
1o BPNERICIZZ 0 3 &R (IERRE) 1: Dust accumulates inside the sensor (not measurable).

Bit 2 : Fan Speed
0 : 77 U elsEIIER 0: Fan Speed is normal.
1 @ 77 VRESESER E FTHA 1: Fan Speed is out of the set range.
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8.24 Fx %YL (check sum)

c12CTIEF = v 7 P AICCRC-8ZEH L TWEF, FHTable 712, ARG THEHIN TS

CRC-8D k% /~m L £ 97,

- CRC-8 1s used as check sum in I12C output. The specifications of CRC-8 used in this

sensor 1s shown in Table_ 7 below.

Table_7. F = v 7 ¥ LfL£k (Specification of check sum)

CRC(0x0000)=0x81

Name CRC-8
Protected data Read data
Width 8bit
Polynominal 0x31
Initialization OxFF
Reflect output None
Final XOR None
Example CRC(0XxBEEF)=0x92

CZEF— AT, CRC8D—H L FFEOZET O H L T EE 0,

- Receiving data can be used to use the data when the received data and the Check Sum

are matched.
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8.2.5 I°Ca< > K (I°C Commands)

cfERFRERIPCa vy NOME A, F&ETable 8IZ/x L E T,

- An overview of the available I12C commands is shown in Table 8 below.

Table 8. I’°Czx~ > K (I°C Commadns)

Address R/W Symbol Function
0x00 R READ Read Measured value
Ox50 RIW SLEEP [7] 1:Wake-up, 0:Sleep
[0] 1:New data arrived, 0:New data not arrived
0x51 W CLEAN [0] 1:Start Cleaning
0x52 W RESET 0x81:RESET (Same as power-on reset)
0x53 R/W MAVE [7:0] number of moving average : 1-60 (times) <default=10>
0x58 R/W TINT [7:0] interval time : 0-59 (s) <default=0>
0x59 R/W TPREFAN | [7:0] pre-rotation time of the fan : 0-59 (s) <default=3>
0x5A R/W TINTC_H [7:0] cleaning interval time_H : 0-60480 (10s) <default=60480>
0x5B R/W TINTC_L [7:0] cleaning interval time_L : 0-60480 (10s) <default=60480>
0x5C R/W TCLEAN [7:0] cleaning time : 0-60 (s) <default=10>
0x63 R/W SPEEDFAN | [7:0] Fan speed control : 60-100 (%) <default=100>

(1) BAIETF—2 DOHH L (Read measured values) address : 0x00
CHIET—Z1E, FTRRO IR T—% (12234 b)) ZHAHAAALTLEI N,

- When reading measurement data, read all data (72 bytes) as shown below.

S SADD R

S : Start
P : Stop
A ACK
N : NACK

SADD : Slave address

I:‘ :Master send
. :Slave send

< 0x00LMADT RUAREEINLTWVDLIEHEAIL., T X212, 7 R AZ0x00ICHFHE L
ThHEHE LT 7ZE0,
- If the address is set to other than 0x00, please set the address to 0x00 again and read

the measured data as shown below.

s| saoo [wlA] oxoo [AJP
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CHET A B LT B EE T LW S — 2 CER SN E T 0T, F— ¥ O LI
EOMEZ 2T TEITL T EEN,
- The measured data update interval is about 1 second, so read the data at intervals of 1

second or more.

CHLVHET - OEHAEZHERT 256, FTROLIICT FLA0X500T — X ZFi s
ZLTLSEZEWw, HL, ZolEzEHI 25613, IBICIRREOHEMHICHIRL TS 2
S,

- To check whether new measured data is updated, read the data at address 0x50 as
shown below. However, when using this function, please limit the frequency to about

once per second.

s| sabD w. 0x50 .P s| sabD R_A p

(2) BIEDBAM .~ #1E (Start / Stop Measurement) address : 0x50
- BIEHEAL, Ko HITHEE— IR 9,

- After power up, this sensor is in measurement mode.

cHEEEIETAIHAIE., TRROLIICHEELTLIEEY, MEEIE®%Z, B PHiEFRY—7
F-FICAY ET (WEF, 77 LVCSELS 45 1k)
- To stop measurement, Please set as below. After the measurement is stopped, the

sensor goes into sleep mode (measurement stopped, Fan and VCSEL also stopped)

s| saoo [w[A] oxso [A] oxo0 [A]P

cHEZHBATLIEAIE. TROLIICHREL TIES,

- To start measurement again, Please set as below.

s| saop [w[A] oxso [A] oo [A]P

(3) ¥ Y—=24 MEFT (Start Cleaning) address : 0x51
V) == T = a7 VTHEITT L5681, FTROXIICHREL TSV, B —I3HE 2 Py
L. 2V ==V RIAT78NET,
- To start cleaning manually, please set as below. The sensor will interrupt the measurement and

perform the cleaning.

s| saoo [wlA] oxs1 JA] oxo1 [A]e
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4 YI7bkoxzF7 Uty b (Software Reset) address : 0x52
VT M)y FEEITTAEAIE. TROLIICHEELTLIEE N,
—4 Uty hERURREICRD £,

To execute software reset, please set as below. After executing the software reset, the sensor is in

Uty NETR, B —iF\v

the same state as the power-on reset.

s| saop |w[A] os2 [A] oxe1 [A]P

(5) INTA—HERTE/HitH L (Set/Read Parameters) address : 0x53 — 0X5C, 0x63
- Table 8 |ZFE#DT RV RAEZRIET H I LT, KT A—FDORIE L LAATETT,
- Each parameter can be set and read by setting the address shown in Table_8.

< Bz, BEVESEIE (0x53 1 MAVE) % 60 [MIZRRET 2HATE. FitD X ICREL T 72 &0,

- For example, to set the number of moving averages (0x53 : MAVE) to 60 times, please set as below.

S SADD W. 0x53 . 0x3C . P

s BZIE, BERPREE MAVE) OBREMZHAHTHAIE. FTRROX S ICREL TIEEY,

- For example, to read the value of the number of moving averages (MAVE) , please set as below.

ST oo W] oes R 7[5 saoo |« [RINIORAN
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9. E1fE— K (Operation mode)
9.1 FEHEFHALIE (moving average processing)

UYL EINDRET —F (NC_X, PMX_1, PMX_2) (. 1RVEIZHIE X5 B EE %
BEIES LEICR D £77,
- The measurement data (NC_X, PMX_1, PMX_2) output from the sensor is the moving

average of the values measured every 1 second.

- BEVCEHOREIE, 77 40 FTI0ENCRE I N TE Y, MAVE (BEHEHRIE) /3T 2
—ZERICLD | IFENPL60EIETCEENAEE D £7,
- The number of moving averages is set to 10 times by default, and it can be changed

from 1 to 60 times by changing the parameter of MAVE (the number of moving average).

- BEHEHEENELSREIND, WERE LM ELETHA, BEHEITES RV ET, B
R MESRESND & WEMBEIFEKTLES A, REERETHRS 2 ¥,
RN T7 7V r—va v ilabE T, RBERRETCIHEHIIZE N,

- When the number of moving averages is set high, the measurement accuracy improves,
but the response speed becomes slow. When the number of moving averages is set low,
the measurement accuracy decreases, but the response speed becomes high. Please use

the optimal settings according to the application used.

9.2 X 1J—TFE— K (Sleep mode)

« UART, RO}, 120 v F#—T7 x=— A& b, BEREAROEIEIL, A 1EORE 2 #ie L
THEMT 2 NEHFAEE—F] IR0 £7,
- For both UART and I2C interface, the operation after power-on is "continuous

measurement mode" in which measurement is performed once per second continuously.

MEGRHEE— ) 2D TR =7 F—F] ~EESTL720I1E, UART A ¥ —7 = —ZADHEIE,
SLEEP =2~ K :CMD=0xE4 %, 12C A > % —7 = —ADE1E SLEEP =~ K : Address=0x50 %
ZTNEEH L ET, EFEO Table_4 35 XU Table_8 # &

- To change from "continuous measurement mode" to "sleep mode", please use SLEEP command
(CMD=0xE4) for UART interface and SLEEP command (Address=0x50) for I12C interface. See
Table_4 and Table_8 above
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AV =T F— RTIE, ZHFETL (T4 MFAA—R) &3HFET (VCSEL) 25t HEIEE, 77 2,
KO, MCU @ 1 ##sae 08ifERE1E L E T,
- In sleep mode, the sensor circuit including the light receiving element (photodiode) and light emitting

element (VCSEL), Fan, and some functions of the MCU are stopped.

9.3 A4 >FZ—/NJLE— F (Interval mode)

- TXI® Fig 10 1ZRT XL 512, 77 4V FEEE TIE, EIRBEAZICKH 11T 1 B OWE Z @i LTS
% DEGEHIEE— R 12700 195,
- As shown in Fig.10 below, the default setting is "continuous measurement mode" in which

measurement is performed once per second continuously after power on.

measurement measurement measurement measurement measurement measurement measurement

e

1 second

Fig. 10. ##eHllEE— K (Continuous measurement mode) *default setting

CNTA=H A B =V (TINT) 288425281280, TRO Fig1l (ORT & 912, FHIER
WA 2= R AT oA 2= b E—F (FXRHEE—F) ICEET 52 LR HRETT,

- Parameter: By changing the interval time (TINT), it is possible to change to the interval mode
(intermittent measurement) that has an interval time between each measurement, as shown in Fig.
11 below.

measurement Interval measurement Interval measurement

f Y
1 second Interval time

Fig. 11. A > #— 3L%E— K (Interval mode : intermittent measurement)

s A B —=rvT— RORAERBNL, WERRO 18 (HE) &, A & —7VrEH (TINT) Z)¢ L7cks
720 £9, M. A V&—/\/DH#F'EJ (TINT) (X, 77 4/V FTIXOBICRESNTEY . ZOHAIL,
A Z =7V 0 B> D EE— R &7 0 £,

- The measurement cycle in the interval mode is the sum of the measurement time of 1 second (fixed)
and the interval time (TINT). The interval time is set to 0 seconds by default. In this case, the interval

time = 0 seconds, which means "continuous measurement mode".

Sharp Fukuyama Semiconductor Co., Ltd. Confidential and Proprietary
P.25



A B VI AD & BT EEINICA Y — 7 — RIZAD A Z— VB T35 &
E%%Kxu—f%—F#%@%LME%1@£mbi¢oNE%T%\tV%mﬁwa—f%—P
WZAD, ZNDHO—EOEEA#HEYIRLET,

- At the interval time, the sensor automatically goes into sleep mode, and at the end of the interval
time, the sensor automatically returns from sleep mode and performs one measurement. After the

measurement is completed, the sensor enters sleep mode again and repeats these series of operations.

s AU H == RTOWERFICT 7 o OREERZ ZERT 5720, T Fig12 123 X 912,
RNC 7 7 > DOH% BEICEREI T2 [ 7 7  OFF(ERERFE ] 28R ET 25 2 ENARETT,

- In order to stabilize the rotation of the fan during measurement in the interval mode, it is possible

HIE B LA

to set the "pre-rotation time of the fan" that automatically drives only the fan before starting the

measurement.

Operation Mode

Interval

measurement

Interval

measurement

Interval

FAN : ON/OFF

Y
1 second

Y

Interval time

Y
1 second

FAN=OFF
(sleep)

FAN=ON
(pre-rotation)

FAN=ON
(measurement)

FAN=OFF
(sleep)

FAN=ON
(pre-rotation)

FAN=ON
(measurement)

FAN=OFF
(sleep)

FAN Speed 1/

Y

E pre-rotationtime |

Y
1 second

—__~

Y

E pre-rotation tlme

Y
1 second

stable K

Fig.12. 7 7 O FEHiEsEER & 7 7 »[nl#i53% (pre-rotation time of fan, fan speed)

* TPREFAN O/ RT XA =2 2 ETFT 52 LI2L0, 77 ORI AZ LT 325 2 L AT
7 4L F&%ETIX., TPREFAN=3 # (H#t4%) |

The default setting is TPREFAN=3 seconds (recommended).
- TPREFANZ=TINT (1 > &% —/NLEEfH]) &

EETHIENTEET,
- By setting TPREFAN =

e

AxX &

WESNTWET,
- By changing the parameter of TPREFAN, it is possible to change the pre-rotation time of the fan.

THZ LK, Ty hHE

_(“‘éﬁo ?j

CHRE) L 72 REE T, A

TINT (interval time), intermittent measurement can be performed while

the fan is continuously driven.
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@1 F—rULE— ROBRERI1  (Setting example_1 for interval mode)

TINT = 59s — measurement cycle = 60s < 1s+ 59s >
TPREFAN = 55 — fan drive duty ratio=10% < (1s+5s)/60s)>
MAVE =1 time — no moving average, response time = 60s
- FREOBRE T, &V OlE) Duty ez 10% F THIH]C& 2728, @i Ol E £ — N & ik LT,

VRO EE % 10%RE £ TR 2 Z L8 fRETH D, E) . VCSEL <ok » Yl D m F il
HHIFFTE X,

- With the above settings, since the drive duty ratio of the sensor can be suppressed to 10%, compared
to the normal continuous measurement mode, it is possible to reduce the average power consumption

to about 10%. In addition, it is expected that the VCSEL and sensor circuit will have a longer life.

AHL, MIEABIAEL (60s) . /o, BEVPEYLE G LW, ESK HEE, KON, HIERE iﬂfﬁ
FTLET, 72, 77 OBFE) Duty i 10% Th L7, U TNIC IEZ DR 2 HD A
TETIERNIZD, 1220 OREDPRLEIRREDLE EEE&CY}%EZ%*&HYG% TRUNATREMEDS B D ifo

- However, since the measurement cycle is long (60s) and moving average processing is not used, the
response speed and measurement accuracy will decrease. In addition, since the fan drive duty ratio
is 10%, dust particles cannot always be taken into the sensor, so if the dust concentration is unstable,

the correct concentration may not be detected.

Q@1 F—LE— FRDOFEEH 2 (Setting example_2 for interval mode)

TINT = 59s — measurement cycle = 60s < 1s+ 59s>
TPREFAN = 59s — fan drive duty ratio=100% < (1s+ 59s)/60s) >

MAVE =1 time — no moving average, response time = 60s

- FRLEXETIE, 7 7 OB Duty Ay 100%DE £ TH Y | EEHOEEE ORI RITHAEEH Y 4
A3, VCSEL Xk U F A O mFFaEiC W T T & £

- With the above settings, since the drive duty ratio of the sensor remains 100%, it is not possible to
reduce the average power consumption so much, but it is expected that the VCSEL and sensor circuit

will have a longer life.

CREB] 1 EFERIC, ISEREE, MO MEREIR T LETR, 77 3l @E T 5720, B
PRIZZEL TUEZ VR A ZIRY AL Z N TEET,

- As with setting example 1, the response speed and measurement accuracy are reduced, but since the
fan operates continuously, dust particles are always taken into the sensor, so the measurement of

dust concentration is stable.
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94 4o ')—=—>2%F— F (Cleaning mode)

cAREUYIE, Ty ra@ERRET S LICRY, Ty NI AE LTI 2 0 2SR ERITT 7 Y —
=V REREA A CVET, HL, ZOMEEIX. BUVNIICHERE LA TOIEZ Y 2% RBRETE
HHDTEHHY FHEA,

- This sensor has a cleaning function that blows out the dust accumulated inside the fan by rotating
the fan at high speed. However, this function cannot completely remove all the dust accumulated

inside the sensor.

- TR Fig13 4 ko, BEZ U —=027F—FTlL, 7 UV —=0 7 RNEHNOEBEICETI
£

- As shown in Fig. 13 below, in automatic cleaning mode, cleaning is performed automatically and

periodically.
Fig.13. H#Z U —=27%— F (Automatic Cleaning mode)
PowerON
TINTC § TCLEAN § TINTC § TCLEAN
M M oo M M Cleaning M M oo M M Cleaning M
Time

M : measurement mode

cNFGA=FZERIZLY, BBV V== = RZBITD, 7V —=0 A 02—V E 7 ) —=
YW EER T D ERTEET, MIHRETIE, 7 ) —=2 7 A 2 — L (TINTC) (3 60480
[10s], 7 U —= 7 (TCLEAN) 1% 10[sliciE s TwEd, 2 2T, TINTC=60480[10s]i3, 1
BEICHY LES, #, TINTC 2 0 ICRET H L, AA— 7 U —=07F— FIZEDTRY 7,

- The cleaning interval time and cleaning time in the automatic cleaning mode can be changed by
setting the parameters. By default, the cleaning interval time (TINTC) is set to 60480 [10s] and the
cleaning time (TCLEAN) is set to 10 [s]. Here, TINTC=60480[10s] corresponds to one week. If TINTC

is set to 0, automatic cleaning mode is disabled.

- £7-, Table 4 £7-1% Table 8 IZft#k® [Clean] m~r FEEFTTHZLIZLY, [EEDXA I LI T
7)== T~ =a T VEITT H 2 ENTE T, TCLEAN TRIESNIZMRTZT 7 U — 2 ZRFTS
NIt FIC3 vy FEATH L LIRBICR D 5,

- By executing the “Clean” command described in Table_4 or Table_8, cleaning can be executed
manually at any time. After the cleaning is executed for the time set in TCLEAN, it immediately

returns to the same state as before the command was executed.
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9.5 T 7 T ElER#EFIE (Fan speed control)

 Table 4 F 721X Table 8 |ZFC#k D [SPEEDFAN| i~ NIz XV, 77 a5 % 60%~100%D&iPH TRt E
BHET D LNARETT, 7 74 /b ME 100%IRE SN THET,

- The fan speed can be changed in the range of 60% to 100% by using the "SPEEDFAN" command
shown in Table_4 or Table_8. The default setting is 100%.

c 7y VIREREAE T 7 4V RERE LV BIRSERE (100%AK) T2 &2k, 77 OFE ) A4 XDIK
WO CE LT, AL, 77 VEEEHEDMERS 2D 2 LI XY B YRIZIZZ VR 2 B AT RE
PMETI 720, MENRLZECRY IEMERREZRET 52 L TE R R ARERSH Y £,

- When the fan speed is set lower than the default setting (less than 100%), fan acoustic noise is
expected to be reduced. However, as the fan speed decreases, the ability to capture dust particles

inside the sensor decreases, which may reduce the stability of dust concentration measurement.

THHENAZT VA= g A bETC, REARKRECIHEHLS TSN,

- Please use the optimal settings according to the application used.

9.6 T dfth (others)

- BT — ROREFICHET 25MIZ OV TIE, vy —FIBBVWAEDbELZEN,
- Please ask SHARP for further details on operating mode and settings, etc.
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10.4%50% 18 (Note)

10.1 & E&E AL (The installation method)

cEROMNEHRT D7D, BV OEKHAY DEZERRNEIIICEELTRFIN, By
DEZHAND ONERIND &, EMICHET D Z ERREICZ2Y 9,
- Install the sensor so that the inlet/outlet of the sensor are not blocked in order to ensure

airflow. If the inlet/outlet of the sensor is blocked, it will be difficult to measure

accurately.

UV OREHT AL, ERKOBAY BOEAKFELGMICHS KOICHREL TS ZI, X
Fig. 14ICHERERRE H &2~ LET,
- Install the sensor so that the air inlet/outlet surface faces horizontally. The recommended

installation direction is shown in Fig. 14 below.

Recommend Recommend Mot recommend Mot recommend

Fig. 14. & 51k (The installation method)

cRERIIFTZY CRIFZR L) CHREFRECTHEICALRWE ST, KRR ES
BRI ELBENLET, HBOMHWA Yy 2RO T7 40222 FORNICHERET S Z & 1X
RERIEI Z2HETDLDOICHHTT,

- Please consider the structure and the mechanism of the equipment so that large dust
(string dust, etc.) and coarse particles should not enter the inside of the sensor. The
installation of a coarse mesh filter in front of the sensor is effective for the capture of

large dust and coarse particles.
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10.2 &> D5 R (Disassemble the sensor)

AR DOZ s T ERERSN L, DLW T T EW, 5%, AL TTHAREO B
ERWHR LR RDGERH £,
- Please don’t disassemble the sensor module. SHARP will not guarantee the specification

even after re-assebling.

10.3 Z dfth (Others)

CARE UV EY 22— AOEREFERNO 7. HEOREEFHE] ONFICEDLE THEABWE T,
kAT TV r—var ) — b EAKEOMTRENE UL AIR, (RELHFEHRLEL
ELET, A7 TV r—3ar/— ME, BEORF - FEFEEFCEADOINA LG IR TE
D ROPITIE TS TEERES LS, KMEREFEONFLZ B THR LW X 5 IRV
L EFET,

- Please use the sensor module properly according to “7. Notes” in the specification of the
sensor module. If there is discrepancy between this application note and the specification,
the items mentioned in the specification are to be prioritized. This application note
includes contents which concern SHARP patents and copywrite. Please pay careful
attention to handling this application note and don’t duplicate the contents of the

application note without permission from SHARP.

cAKT TV —var/— FORBAFIT., AAGELOEGETHEE SN TWET, HAGEL &G
DR DO TREENAE LG EIX, BAFEORBO F 2B E LET,

- The description in this specification is written in both Japanese and English. If there is
any discrepancy between the Japanese and English descriptions, the Japanese description

will take precedence.
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11.8&T—%4 (reference data)

« Fig. 15-17i2, B> HO&H S (NC_X, PMX_1, PMX_2) vs. EHEBEEDO /T 7R LET,
TENFUARTA =7 = — AT, HfgHlEET— FTHEML TWET,
- Fig.15-17 shows a graph of each sensor output (NC_X, PMX_1, PMX_2) vs. mass

concentration. The measurement is performed in the continuous measurement mode with
the UART interface.

- A OB RIRE [pg/m*]OME X, TSIAEE DustTrak™ I _model8530 % JEMEFHHIR & L THf
Mo Fig. 1TOTXZTIEOREICE LTk, EMEGOHICHERE : 0.382 17 TV ET,
- To measure the mass concentration [ z g/m3] on the horizontal axis, TSI DustTrak™ II
_model8530 is used as a reference measuring instrument. For the measurement of

cigarette smoke in Fig.17, the output of the reference instrument is multiplied by an

adjustment factor of 0.38.

«Fig. IOMEBEEL S (NC.X) OF T 72 oW TiE, B2 [0, 1 /cn®] 225 [{H/cm®] 122 H#
LTFmy hLTWET,
- In the graph of number concentration output (NC_X) in Fig.15, the unit of measurement

data is converted from [0.1 pcs/cm3] to [pes/cm3].

11.1 {EHGEREE F NC_X : KCI #iF
(Number concentration output NC_X : KCI particles)

Reference data
< Number concentration output NC_X : KCI >
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Fig. 15. {EZ2E 7 : KC1 (Number concentration output : KC1)
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11.2 BE/REHF PMX_1 : KCI Hi—F
(Mass concentration output PMX_1 : KCI particles)

Reference data
< Mass concentration output PMX_1 : KCl >
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Fig.16. EHEEE H 77 : KC1 (Mass concentration output : KC1)

11.3 BE/REEHND PMX_2 : (X2 E
(Mass concentration output PMX_2 : cigarette smoke)

Reference data
< Mass concentration output PMX_2 : cigarette smoke >
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Fig.17. BEEEEH T : 721X 2/ (Mass concentration output : cigarette smoke)
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