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1. 12 (General specifications)
HEZVEVHYGP2Y1040AUOF 7Y —vay/—RM X, 1320k %
BRI BOBE L LTI A, WALE, (A EOESFE, #Er— 5 %%
B & & b 0T,
BER ORI RIS £ TR B LT,
W, REEEZSE L L CIHE | ISR 5 BRI TR0 B T EW,

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. & (Features)
+ VCSEL (T X 2 JGHeEUAz 7
- /I 0.3um £ TORIF-FH2S 7] RE
CRLEEIREE, BEON HEREDO U T LZ A LT
R, B, mEsE
a7 YA X (ES : 12mm)
c2FEOA X —7 = — A (UART, I2C) %R AHE
CEREERIC LD T 7 VY INET O BB Y U — = JHERE R 5
- 77 R A e (B A XA iR TR
- VCSEL-based light scattering particle sensing
- The smallest size of available measurement: 0.3pm
- Real-time output: mass concentration (ug/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. X (Objecs to detect)
CNDRAE AR IR ofE, S
- House dust, Cigarette smoke, etc.

4. A& (Application)

- 2RV

LT 2

R AT L
ZEREE =S —

- FE

- Air purifier

- Air conditioner

- Ventilation system

- Air quality monitor

- Consumer electronic products
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5. 78w YK (Block diagram)

Inlet
Air flow VCSEL VCSFL DﬁVe Pf'.)we.r Vee
Circuit Circuit
detection .
area [ @ R P
| * oA 3.3V
e e M
dust e ©) . |
particles b % e |
mplifier
| 3 PD gl GND
T Circuit
. Vi
\\ 4 SEL
AN / - Frequency Generator signal MCU
NS
N\ RXD / SCL
FAN FAI\_I Dr_lve XD/ SOA
Circuit
outlet

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

6. T7 7 HB—KX (Air flow diagram)

7D

»
l 1

Fig.2. =7 7 v —I[X (Air flow diagram)

Sharp Semiconductor Inovation Corporation Confidential and Proprietary
P.5



7. E2BEES| (Pin arrangement)

7.1 im—F55BA (Pin descriptions)

Table 1. £V =2—/LH] 6 B 27 # (6pin connector to the module)

e | Wmfd it - . B i %
No. | PIN Name Description Remarks
TXD UART : Transmitting Pin
1 3.3V Logic
SDA I°C :Serial data
RXD UART : Receiving Pin
2 3.3V Logic
SCL I?C : Serial clock
UART : Floating or 3.3V
3 SEL Interface select I2C : Low level (=<GND)
4 GND Ground —
5 Vce Supply Voltage 5V+10%
6 GND Ground —

cAFEE S BEEIMITILT OND ITHRE L TS 7ZE W
- Please connect both No.4 pin and No.6 pin to GND.

(5
S

Pin.1-6
j! R Iy
0% 7 G+
Connector terminal

Fig.3. B 94K (outline)
7.2 a2 2 4EHLk (Specifications of output connector)

CEVa2—LaRrZX50801W00—-6P—-S—HF; JCTC H#
- The module connector 50801W00-6P-S-HF ; Shenglan Technology.co.,LTD.(JCTC)
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8. HAAE (Description of usage)

I

EICEHWET — 2R ED2o0idfE

u(ll

o AHRL S 13 A TR SGE (R B BE (UART) &2 T 72 77— & &
HERDHY £7,

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

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

8.1.1 #&#%f (Example of connection)

SENSOR —=- HOST MCU

™0 RXD

RXD |2 XD

SEL 2 Floating(or 3.3V)

GND |~

vee |2

GND [ GND

S

Fig.4. ##if] (example of connection)

cUARTA v Z —T7 = — AT 551, SELIm 7+ BFE)EZ 70 —7 0 7 (H L <I1E3.3V)
LT 7Ean,
- To select the UART interface, set the SEL terminal (pin 3) to floating (or 3.3V).

- & Y ORXDEG - & AR A R OTXDE - & Bl LR W& id, B ORI 2FE ) F7m
—T A7 LTLKESY, 205G, BRkOoNy v T7E—-NIEATE EEA,

- 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¥fi -, RXD# . SEL¥f-1Zi%. 3.6VEL EOBEAEM L2V TL Z 30,
- Please do not apply more than 3.6V to TXD, RXD and SEL terminal.
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8.12 74U T4 7E—VFK (Active Mode) *default UART mode

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

outputs serial data about every second.

T =7 L= LOHRIE, AX—FbEY b T, AbyTEy EnbRY 1T =X
TU—LZ LR TT -2 2 EELET,
- The data frame consists of start bit, data and stop bit. It sends the data asynchronously

within each data frame.

AR T, IBICIE, FRFig 5IZRT LI, 283 T =X 2 LET .,

- 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 )
Fx1 Fi::z 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 —# W% (Contents of data)

YD OHNEND283 4 FDOTF—Z X, TARTCEHAIAALTL ZEN,

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

c BT A DFEHD2A S QT = F T L —=2)IE, THAORMERTAS -7 L—LTT,
0xFF, 0xFAZ AW CT — # OETAN E 2 R LT F S\,

~ 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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« CheckSumjx, A ¥ — F 7 L — LB X UReservedZ Ee T X THOTFT—F 7L —2Ih (2734 F) Zh
BULZ RIS A RELET, ZIET —H OCheckSumMS—F L= DZET — 4 DA &HEH L TL
720,

- 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 —4% 7 L — A E (Data frame setting)

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

CZET—ADT—H T L —LD T F—~ v MIFHFig. 60X o127 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 5—%7L—A(0 1 1)
1 data frame(1Byte)

Fig.6. ¥ —X% 7L —ALD7 4 —=~ > ; (Format of data frame)

8.1.4 BIET—AR 74—< v b (Measurement data format of UART)

cUARTOMIET —H# 7 4 —~ v b & F#£Table_ 312" L 7,

- The measurement data format of UART is shown in Table_3 below.

c FROKSGIZRT LI, FURTHE N T — X323, OB Y T2 T 4T D7 —~ v b
7o TWET,
- As shown in Figure 5 above, each UART output data is in 2 byte big endian format.
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Table 3. JIET — % 7 4 —~ v b (Measurement Data Format of UART)

Si
Byte Symbol e Format Description
[byte]
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 Xpum-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/m3)
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 . . i PMX 2 [pg/m?]
Unsigned int (16bit) - . .
22-23 PM2.5 2 2 big-endian Mass concentration of particle size
24.25 PM10 2 2 0.3pum-Xpum (cigarette smoke)
26 Reserved 1 - reserved for future expansion
27 CheckSum 1 unsigned int (8bit) Check sum (8bit)

* NC_X (Byte2-11) &, TH Z VKL FAEHMH : Xpm~10u milHB I DEBGREH D 2R L Tk
V. ZOHAL0. 1EH Sem®]IT2 0 5,
- 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) %, Zh L, KLFAHH : 0.3 u m~Xu miZI 1T D AR YEh F O B &R E
HAOZRLTEBY, TOHEMIT[pe/ TR0 £3, EERF L LTKCL ELT Y T L)
P2 ML TWET,

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

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

« PMX_2 (Byte20-25) 1%, Th 4L, RFAHPMH : 0.3 un~XpunllB T 5, IR FDOE
BRENNDZERLTEBY, TORMIT[pe/ m]IT2 0 £, FEEGE (XM & LT
JTHI DO Mebius, X%, #LE 1 (Hong Ta Shan) ZfEMH L TW\WE 7,

- PMX_2 (Byte20-25) 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

(cigarette smoke), JT's Mebius or Hong Ta Shan is used.

Sharp Semiconductor Inovation Corporation Confidential and Proprietary
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- Status (Bytel2-1) . IV HEV2a— LONEREICETAIEREZFEL TCVET
(Bit0-Bit2), Bit3-Bitl5lC>WTIiX, JFRKDILEPICFHEINTWET,

- 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 . I .
Accumulation Concentration

Bit 0 : High Concentration

0 ¢ JREEIFHE T RERHDH

1 REDESRE (IEEE)

Bit 1 : Dust Accumulation
0 : IE% GHEREE)

10 B HPERICIEZ O AR GAERRE)

Bit 2 : Fan Speed

0 : 77 U EEsEIIEs

1

D7 7 RN EOE RS

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%, FFRDILEHICTFHINTWET,

- Byte26 is reserved for future expansion.

Sharp Semiconductor Inovation Corporation Confidential and Proprietary
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8.1.5 71\ L JE— K (Passive Mode)

T ITA4T7E=RF (T 74N b

RIE) b,

*change mode

Ny Vv 7TE—RNICEEE—NE2ZEHETHZ &
ik, FHKTable 4l R"T L2110, fFEDODXZAI VT TCOMET—ZDmH L, Fa~v

ROET, KO, ENTA—ZOREELENAREIZRD £,

- 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. R A K 7w K =)L (Host Protocol)

START bytel START byte2 Command Datal Data2 Check Suml Check Sum2
0xA1l 0x4D CMD DATAH DATAL CSH CSL
- Checksum = 0xA1 + 0x4D + CMD + DATAH + DATAL—0x5F
Command definition
CMD DATAH DATAL SYMBOL Function
0xE2 X X READ Read in passive mode
0x00 Passive mode
0xEl 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 .
X 1-60 [times] <default = 10>
Set interval time
0x04 0x00 DATA TINT
X 0-59 [s] <default = 0>
Set the pre-rotation time of the fan
0x05 0x00 DATA TPREFAN
X 0-59 [s] <default = 3>
Set interval time for auto cleaning
0x06 DATA DATA TINTC
x 0-60480 [10s] <default = 60480>
0x07 0x00 DATA TCLEAN Set cleaning time
0-255 [s] <default=10>
Fan Speed Control
0x08 0x00 DATA SPEEDFAN
x x 60-100 [%] <default = 100>

“X” means “Don’t care”

Sharp Semiconductor Inovation Corporation Confidential and Proprietary
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@ fE Al (Example Frames)

. F\%‘)%E . 775‘—/]) 7“:E»—— ]\“*)/\0‘):\/7“%‘_‘ ]\v

- change mode : Active mode — Passive mode

0xA1l 0x4D 0xE1 0x00 0x00 0x01 0x70

cE—REEE Ry v TE—RK>T T 4 7E—FK

- change mode : Passive mode — Active mode

0xA1l 0x4D 0xE1 0x00 0x01 0x01 0x71

T FEHEHL (N TE—NR), HNT—FDOT7—~y NI, 7774 7F—RL[HE
CTY, MM, 7—ZatAHAH LOMBIZIU LICREL T EI0,
- Read in passive mode. The output data format is the same as in active mode. Please set

the data read interval to 1 second or longer.

0xA1l 0x4D 0xE2 0x00 0x00 0x01 0x71

c A —TFE— R~EH

- Change to sleep mode

0xA1l 0x4D 0xE4 0x00 0x00 0x01 0x73

c R Y —TFF— RS OEIT

- Wake up from sleep mode

0xA1l 0x4D 0xE4 0x00 0x01 0x01 0x74

== T OFET, av s RETR, BV ZEZ T L7 ) —= IR FEITINET,
- Start cleaning. After executing the command, the sensor interrupts the measurement and performs

cleaning.

0xA1l 0x4D 0x01 0x00 0x00 0x00 0x90

Sharp Semiconductor Inovation Corporation Confidential and Proprietary
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YV I7 R kY havr R, avr RETH, BV —3U—F4 > Uty hERUKREICRY 9,
- Soft reset command. After executing this command, the sensor will be in the same state as a power-

on reset.
0xA1l 0x4D 0x02 0x81 0x00 0x01 0x12

c NT A—HEF, HlzIE, TCLEAN (7 U —=2 7K, T 74/ h=101) % 60 PIELH
- Change parameters. For example, change TCLEAN (= cleaning time, default = 10 seconds) to 60

seconds.

1) E—FEEW . TI7T74TE—F>RNy7E—F

change mode : Active mode — Passive mode

0xA1l 0x4D 0xE1 0x00 0x00 0x01 0x70
(2) 7XF A—4 : TCLEAN % 60 FDIZi%E

Parameter : TCLEAN set to 60 seconds.
0xA1l 0x4D 0x07 0x00 0x3C 0x00 0xD2
(3) T A—=HZER, B —NBREILT L —AT —Z BT — Ny 7 SPET,

After setting the parameters, the same frame data is called back from the sensor.
0xA1l 0x4D 0x07 0x00 0x3C 0x00 0xD2

4 E—FaZEE Ny TE—F>T 77 47F—F (727747 N+ 256

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

0xA1 0x4D 0xE1 0x00 0x01 0x01 0x71

« |3 Table_4 @ CMD=0x03~0x07 ® 2~ RIZB L Tk, "T A—F#REH%., V- LFRUE7 L—2A
TR a— Ny InNET, L) 25,
- 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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821I°C 4 > A2 — 27 = —XR (I°C interface)

8.2.1 ¥&#% (Example of connection)

3.3v
SENSOR =~ HOST MCU

SDA - SDA

E

anple

el

GND 2 & GND

777

Fig. 7. T*CHiJ1D##if5] (Example connection of I°C output)

CCAVHA—T 2 —AEBERIRTIEAE., BV OBREAR., L, BV OEFREKE AL
B2, SELYE 7 (3/ E L) ZGND(OV) IZHEf L TL 72 &\,
- 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.

+ EBFig. TIZ/R ¥4 X 51T, SCLuu T & SDAYG F(Zi&, SIS 77 v 7T (Bl &2 1E. 10kQ)
TR L T 7E 3,
- 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 PC B{EM1L#k (Specification of I°C interface)

« KBGO PCHAE DAk Z T & Table _5ITR L X4,
- The spec of 12C output is shown in Table_5 below.

Table 5. I?Ci#{§ O fL#k (Specification of I?C interface)

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

CRET —ZIZIRICIEESHF SNET (T 74V FERE), A X — VIO ETIZL Y,
EMRE (F— 2 TR 2R 352 R 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)

c-WET —F EHEAMTEAS,. TROFig 8IZRT L9212, PCY— RFKa~w RTI2BytedT T
ZOBfE TR AIA L 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

S SADD

[BATAT [ »

72 Byte

Fig.8. 7 — X OjisirA# (Reading data)
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823 BIET—4H 74— v b (Measurement data format of I°C)

CRBCAVE—T 2 —ATOWET —F 7+ —~ v F% FFTabel 6l x L E£7 .

- The measurement data format of I12C interface is shown in Table 6 below.

Table 6. T —# 7 +—~ v ;b (Measurement data format of 12C)

Size
Byte Symbol (Byte] Format Description
yte
0,1 2 Upper two bytes NC_0.3 [1/cm?]
2 NC 03 1 CRC-8 for bytes 0,1 Number concentration of
3,4 _' 2 Lower two bytes particle size 0.3pm-10pum
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 0.5 1 CRC-8 for bytes 6,7 Number concentration of
9,10 — 2 Lower two bytes particle size 0.5um-10pm
11 1 CRC-8 for bytes 9,10 <IEEE754 float(32bit), big-endian>
12,13 2 Upper two bytes NC_1 [1/em?]
14 NC 1 1 CRC-8 for bytes 12,13 Number concentration of
15,16 B 2 Lower two bytes particle size 1pm-10pm
17 1 CRC-8 for bytes 15,16 <IEEE754 float(32bit), big-endian>
18,19 2 Upper two bytes NC 2.5 [1/em?]
20 NC 2.5 1 CRC-8 for bytes 18,19 Number concentration of
21,22 - 2 Lower two bytes particle size 2.5um-10um
<IEEE754 float(32bit), big-endian>
23 1 CRC-8 for bytes 21,22 g
24,25 2 Upper two bytes NC_4 [1/em?]
26 @/ 1 CRC-8 for bytes 24,25 Number concentration of
27,28 B 2 Lower two bytes particle size 4um-10pm
29 1 CRC-8 for bytes 27,28 <IEEE754 float(32bit), big-endian>
30,31 2 Upper two bytes
32 Stat 1 CRC-8 for bytes 18,19 Information about the internal state
atus
33,34 Y 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/m3]
38 PMI 1 1 CRC-8 for bytes 36,37 Mass concentration of particle size
39,40 - 2 Lower two bytes 0.3um-lpm (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
yte

42,43 2 Upper two bytes PM2.5_1 [pg/m3]

44 PM2S 1 1 CRC-8 for bytes 42,43 Mass concentration of particle size
45,46 T 2 Lower two bytes 0.3um-2.5pum (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 PMLO 1 1 CRC-8 for bytes 48,49 Mass concentration of particle size
51,52 B 2 Lower two bytes 0.3um-10pm (standard particle)

53 1 CRC-8 for bytes 51,52 <IEEE754 float(32bit), big-endian>
54,55 2 Upper tWO bytes PMI_Z [ug/m3]

56 PMI 2 1 CRC-8 for bytes 54,55 Mass concentration of particle size
57,58 - 2 Lower two bytes 0.3pum-1pm (cigarette smoke)

50 1 CRC-8 for bytes 57,58 <IEEE754 float(32bit), big-endian>
60,61 2 Upper two bytes PM2.5_2 [pg/m?]

62 PM2.5 2 1 CRC-8 for bytes 60,61 Mass concentration of particle size
63,64 T 2 Lower two bytes 0.3pm-2.5um (cigarette smoke)

65 1 CRC-8 for bytes 63,64 <IEEE754 float(32bit), big-endian>
66,67 2 Upper two bytes PM10_2 [pg/m’]

68 PML0 2 1 CRC-8 for bytes 66,67 Mass concentration of particle size
69,70 - 2 Lower two bytes 0.3um-10pm (cigarette smoke)

71 1 CRC-8 for bytes 69,70 <IEEE754 float(32bit), big-endian>

T —F1E, TROFig. 90 X 912, Efi2/3A K& TFA2NA M2 o, ZREhman
A MIZR L TCRC-8BfF IS TV E T,
- Output data i1s 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. & — 4% ®WNZ% (Contents of data)

« NC_X (Byte0-29) 1%, =N Fi, KRB : Xpum~10umiZ BT HEEEEH HE2FRL T
BO., ZOHEAMTMUE el 9,

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

X pm to 10 um, and the unit is [particles / cm3].
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* PMX_1 (Byte36-53) %, AL, K FEEHPH : 0.3 um~XumlZI T DEEHERLF OB B L
HAOZRLTEY, TOBEMIT[pe/ ]ITR20 £3, EHER T L LTKCL (R A Y v L)
B Z2fMHLTWES,

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

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

* PMX_2 (Byteb4-T1) X, T LA, KL FLEHIPH 0 0.3 um~XpmiZB 5, 72X IR+ DE
BREHDZXZL TR, TOBEMIT[pe/ w2720 £9, FEHEREE L TITROMebius
EEHALTWET,

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

Mebius 1s used.

- Status (Byte30-35) %, 122V oV EY 2 — L ONMKREBICHETIEHREZELTVET
(Bit0-Bit2), Bit3-Bit3LIZ DWW T, FrRkDILEHIZ TR I 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 © JREEIXIE rlHedile 0: Concentration is within the measureable range.
1 JREDSEERE (ER) 1: Concentration is extremely high (not measurable).

Bit 1 : Dust Accumulation
0 EH (HIEREE) 0: Normal (measurable)
1o BPERICIZZ 0 %R EARER) 1: Dust accumulates inside the sensor (not measurable).

Bit 2 : Fan Speed
0 77 VEHREUTIER 0: Fan Speed is normal.
1 77 RS R E A 1: Fan Speed is out of the set range.
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824 Fx v Y.L (check sum)

cPCTIEF = v 7P AICCRC-8ZHH L CTWET, FHTable 712, ARG THEHIN TS

CRC-8D k% /m L £ 7,

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

sensor 1s shown i1n Table 7 below.

Table_7. F = v 7 % Lft£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(0xBEEF)=0x92

B ETF—Z L, CRC8R—H LI OZET—Z0Lux AL TS0,

- 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’C A< Y F (I)C Commands)

cERFRERPCa L FOME %A%, FHETable 8IZ/x L E T,

- An overview of the available I2C commands is shown in Table_8 below.

Table_8. I’Cz~ > K (I*C Commadns)
Address R/W Symbol Function
0x00 R READ Read Measured value
0x50 RW 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) BIET—42 DB L (Read measured values) address : 0x00
CWET—ZIEX, TR X217 —4% (7234 b)) ZHAPIAATLEE 0,

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

s| sabb |R
S : Start
P : Stop .
A - ACK I:‘ :Master send
N : NACK
SADD : Slave address . :Slave send

cOx00PIAN DT RLUANEESNLTWDOIEHE AT, Tt X212, 7 RV AZ0x00IZFHHEE L

Thb

FMHEHLTLS7EE N,

- 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

SADD

w[A] ooo [A]r
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CEET— A B LT B R T LW S — 2 ICEH SN ETOT, F— ¥ O LI 1B
FORMBREAEZET TEITLTLIEI N,
- The measured data update interval is about 1 second, so read the data at intervals of 1

second or more.

cHLWHIET -2 ORHAELZERT 256, TRLOR T RLA0x50DT — & & Ht
LTS EZEWw, EL, Zo#iEzfHI 2561, IRIZIEREOHEHICHIRL TS 2
W,

- 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) BIE DB 51k (Start / Stop Measurement) address : 0x50
- BREAL, A CTHITHIET— RIZR0 £9,

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

CHEERFEETD2EHEGE., TROIICHEL TS LI, WEFEIEEZ, B HiERr)—7
EF—RICAY ET (UEREIL, 77> EVCSELH 3 1E)
- 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

CHEZHBTIEAIE. TROLIICHEL TS ES,

- To start measurement again, Please set as below.

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

(3) 1) —=2 % MRLT (Start Cleaning) address : 0x51
I V== T~ a T VTEITTO5E1E, TRl L ) ICHE LTSV, B —I3lIE Z ik
L. 2 ==V T RETINET,
- 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 Y7+, zF7ty b (Software Reset) address : 0x52
V7 MUy FEETTAEAIE. FTROLICHELTLLEE Y,
—F Uty hERIUTIRRBIZZRY 5,

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

Uty FFETHR, B —i3Y

the same state as the power-on reset.

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

5) INTA—RRTE/FEH L (Set/ Read Parameters) address : 0x53 — 0x5C, 0x63
* Table 8 (ZREHDOT FLAZRIET HZ & T, /3T A—FDORIE L FEH LAATETT,

- Each parameter can be set and read by setting the address shown in Table_8.
- Bz X, BEPEHEE (0x53 : MAVE) % 60 BICRET 256 1%, TRt R 9 ICREL T EE VY,

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

S SADD W. 0x53 . 0x3C . P

- B, BERTFREE MAVE) OBGEMEZHAHTHEAIE. TRROL I ICEREL TIEEW,

- 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. BIEE— F (Operation mode)
9.1 EEHFHHMIE (moving average processing)

UYL IR DWET —F (NC_X, PMX_1, PMX_2) (. IRVEICHIE &4 20 EE %
BEIEY L EIC R £7,
- The measurement data (NC_X, PMX_1, PMX_2) output from the sensor is the moving

average of the values measured every 1 second.

- BEEHOEEIT, 7740 FTIENCRE SN THEY . MAVE (BEIESEIE) D/3T 2
—HZERICLD | IEPH60EIETCEENAIEEE 0D £77,
- 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, WERBE XM ELETH, BERHEITES RV ET, B
FE R MRS R ESND & WERBEITERTLESS, REEREFIHR 2 ¥,
EHENL 7 7V r—va iliabE T, RERRETCIHEHIZEZ 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.

92 X 1)—TFE— K (Sleep mode)

« UART, RO}, 120 »F#—T7 x=— R &b, BRBEAZROEEZ, K1 1E ORE 4 #fe L
THEMT L NERMEE— R 2RV £,
- For both UART and I2C interface, the operation after power-on is "continuous

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

NEGEET— ) 2o TR =7 F—F] ~EETLH70IiE, UART A v —7 = —ZADLHEI,
SLEEP =2~ > F:CMD=0xE4 %, I12C A > ¥ —7 =— AD¥A1T SLEEP 22~ > K : Address=0x50 %
TNZEIVEHLE T, LFLod Table_4 35 LU Table_8 %M

- 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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s AV =T E— RTIE ZNHEF (T MFAA—R) L3NFET (VCSEL) 2 Giek o, 77
KO, MCU O 1 HHEREDEENFIE 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.

93 A A2 —/\NJ)LE— F (Interval mode)

- T Fig 10 1Z” T K 912, 77 /4 FaRGE T, EIREARZRISK 1 B 1 [BIOR)E 2 8 L CEE
5 NEfeHlEE— R 127220 %7,
- 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

Y

1 second

Fig.10. #{#5#Hlli€E— K (Continuous measurement mode) *default setting

s NT AL A H =)V (TINT) 2288352 21280, FRO Fig.11 ISR 7 K 912, A flER
A o F =R B oA 2= v E— R (AXRBAEE—F) ICEES 52 ERWRETT,

- 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

lf Y
1second Interval time

Fig. 11. A > % —/,3L%&— K (Interval mode : intermittent measurement)

s A == FORERENL, WERRHO 18 (EE) &, A #— VLl (TINT) Z ¢ L7zky
RIS 720 E97, W, A > 2 —2VLEEE] (TINT) (3, 77 40 P TIROBICRESHTEY . ZOHEIE,
A S =V 0 O NG HIEE — 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".
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A F = IVRIICAD L B T ABMICA ) =T = RIZAY A = VBB TS5 &
HERIZ A Y 7%~b#%@%bﬂm%1@£mbi¢o@ ERE TR, B HEHEORY) —FE— R
IZAY, ZHD—EHOBEEFEYIEL ET,

- 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.

A H =L — RTOWERFIC T 7 o ORERZ ZELT 5720, T Fig.12 1253 X 91T
B 7 7 > DR % BEIFNCEREN T2 [ 7 7  OFEFIEHRRER) 2RET 52 & NAEETT,

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

. HIERALA

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
1second

Y

Interval time

Y
1second

FAN=OFF
(sleep)

FAN=ON
(pre-rotation)

FAN=ON
(measurement)

FAN=OFF
(sleep)

FAN=ON
(pre-rotation)

FAN=ON
(measurement)

FAN=OFF
(sleep)

Y

E pre-rotationtime |
H |

Y
1 second

Y

E pre-rotation tlme

Y
1 second

é stable stable
FAN Speed 1

Fig. 12. 7 7 O nijnEsEEN] & 7 7 A5 (pre-rotation time of fan, fan speed)

- TPREFAN 085 2 — 2 #BEF5 2 L2k 0. 7 7 v ORI &2 E 52 = & ATk
7 4V FRETIX, TPREFAN=3 % (HE4E) [CRESHhTWET,

- By changing the parameter of TPREFAN, it is possible to change the pre-rotation time of the fan.
The default setting is TPREFAN=3 seconds (recommended).

<. 7

- TPREFANZ=TINT (A > &% — V) E8RETHZ &Ik, 77 &2
EETHIENTEET,
- By setting TPREFAN = TINT (interval time), intermittent measurement can be performed while

E R Eh L7 fRRE T, R

the fan is continuously driven.
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@1 F—rLE— ROFRERF 1 (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

- FREORRE T, &Y OBE) Duty A 10% % THIH]C& 2 728, 5 Ol E e — N & ik LT,
FE)OHEE 2 10%REE TERBT 2 2 EAARETH Y . & 512, VCSEL X% v H O mAFami
HIIFFTE 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.

ARL. MEAMIAELS (60s) . /o, BEVEILE G LW, EGK HEE, RO, RIERGEE iﬁi%
TLET, /2. 77 o OBE Duty thiE 10%ThH D720, B PHIZ ZIEZ DRI 2D A
mfiﬁwk@\i_bwﬁgﬂﬁﬁﬁﬁ%%@%é\E%E%E%@mf%ﬁwﬂ%%ﬁﬁwiﬁo

- 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.

@1 F—rLE— ROFRERF 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

- BRERGETIE, 7 7 o DOBRE) Duty H 100% D E £ TH Y | FHOHEEEORBIRITIEEH Y £
Ay, VCSEL Rk U FRIBOEFFMLIC OV TR TE £9

- 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.

CREBI 1 EFERIC, ISEREE, MO WEREIRT LETR, 77 3l @E 5720, o
PRICLEL TUEZ VR F 2R IAL Z LN 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 1s stable.
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9.4 1) —=—_>%F— F (Cleaning mode)

ARV, Ty v EREEET S 2 EICLY Ty RIS LIIE D D 2AANRETRIET 2 U —
=V R EIEATCWET, AL, ZOMEEIR, B PNEICHRBE L7-ETOIEZ Y 25821l ETE
HHDTEHHY £FHA,

- 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.

« T Fig 13 12T X9z, BEZ V—=0 27— RFTlE, 7 UV —=v7NEHMHr->BEIICE TSN
F9,

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

periodically.
Fig.13. H#EhZ V—=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 : measurementmode

cNTGA=HZERIZLY, BRI V== T E—RZBITDL, 7 —=0 T4 02—V E 7 ) —=
VIR ERR T H I ENTEEY MIEE T, 7V —=v 7oA v Z— VLR (TINTC) 3 60480
[10s], 7 U —= 7 (TCLEAN) 1% 10[sliciE S TWEd, 2 2T, TINTC=60480[10s]i3, 1
RIS LES, W, TINTC Z 0 IZRET D&, A— 7 U —=07F— N3EMHIRD £,

- 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 F£7-1% Table_8 |ZFft#® [Clean| aa~ REFETTHZ LIZIY, FEOX¥A I /T
IV == T =a T VEITT D LN TE LT, TCLEAN TRIESNIZRHIZT 7 U — 2 735 T &
N, 3<IZa~y FFEITRTE R CHRIBIZRE Y £7-,

- 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 ElER#EFIE (Fan speed control)

- Table_4 F 7213 Table 8 (ZFC#K > [SPEEDFAN] =~ RIZKk V| 77 VEIEHE 60%~100%DHFiFH TR &
BETDHILENARETT, 7 74 /b ME 100%IRE SN THNET,

- 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 77 R ET T a0 PROEL D BIRSERIE (1006 772282k, 77 0f @/4%@&
WO CEET, AL, 77 VEEEEAMERS RS2 LIk B PRIZIZZ VR -2 Y AT
PIRTT D720, WMENPRLZEIC/RY, EMRREZRET S Z L TERIRDTREELRDH Y 7,

- 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.

THERENLT 7V r—va il bE T, RERRETIHEHAIZI N,

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

9.6 T Mfth (others)

CEIEE— ROREFICHAT 5 MICONTIE, vy —FICBRWEDbELIZEN,
- Please ask SHARP for further details on operating mode and settings, etc.

Sharp Semiconductor Inovation Corporation Confidential and Proprietary
P.29



10.4%52E1E (Note)
10.1 E%i&E A% (The installation method)

cEROMNEHRT D7D, B TOEKHAY DEZERRNEIIICHEEL TR, B
DEZHEAND ONERIND &, EMICAET D2 ERREEICRD £7,
- 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 ORBETIMIL., ZKOHAD OOEAKESFHCH L EHICHERELTLLEEW, TH
Fig. l14ICHEEZRE 2R L £,

- 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. 8% i& 7L (The installation method)

cRERIFZID GRIFZV 2 E) RHEKRK TR HNIBICALZNE ST, MR OMES
EBICREEZBBENLET, BOBHWA Y2 ROT7 4 V2 2 Y ORNCRET S Z L
RERIFZVZHESTLIDITAHZTT,

- 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 > P D5 fi# (Disassemble the sensor)

ARG DO BT ERFEEHN L, BRLRNT I, %, AL TTHEREOHK
ERWHRE LR RDGERH £,
- Please don’t disassemble the sensor module. SHARP will not guarantee the specification

even after re-assebling.

10.3 ZFdD{th (Others)

cAE I ETV2a—VOMERERNO 17, HHEOEEFH] ORNFICEDE THEMABEVNET,
BB AT TV r—var /) — M HEKEFEOR TRENE LA, ERFLEHFHEEES
ELET, A7 TV r—va /) — ME, BEOR - FFEEFCEDLDLINAE T ENLTE
Do D P ITIT RS THEEELS SIS, KEREFONRZ BB THE L 20X S IZBEWH
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.

cARKT7 TV =gy — FORBNEFIL, ARFBLOEFETHRLINTHET, BAAGEL KGE
DB OM TRENLELCZEGEGIL., BABOTRBO F 2B 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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11.5%&T—74 (reference data)

« Fig. 15-1712, B> B O&H S (NC_X, PMX_1, PMX_2) vs. BREEDO /7 7L E T, Ml
JENZUARTA 2 —7 = — AT, HEHEMEE— FTHEMLTWET,
- 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.

- BEEN OO IR E [ g/m ] OWEIC I, TSIAER DustTrak™ I _model18530% AL HERF IR & L CTHl
Mo Fig. LTOTX ZTIEOREICE L Tk, EMEGOHINICHERE : 0.382#1F TV E T,

- 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.

cFig. IbOEEEEH S (NC.X) OZ T 71250V TIE, BALZ [0, 1E/ecm®] 26 [{#/cm®] 1225 #
LC7aey 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 EHGREEHF NC_X : KCI HiF
(Number concentration output NC_X : KCI particles)

Reference data
< Number concentration output NC_X: KCl >
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=z 200 4
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Fig. 15. fE#REH /) : KC1 (Number concentration output : KCl)
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11.2 EEREHF PMX_1 : KCI #iF
(Mass concentration output PMX 1 : KCI particles)

Reference data
< Mass concentration output PMX_1 : KC| >
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— 1200 1 PM10 1
E
£
-]
= 1000 -
=
pez |
e
2 800 -
é PM1 1

PM2.5 1

£ 600 - = PM2.5 1
g PM10_1
S 400 A
é PM1_1

200 A

0 e .| T T T
0 200 400 600 800 1000
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Fig.16. B &R E H /) : KC1 (Mass concentration output : KC1)

11.3 BEEEH PMX_ 2 : =X &

(Mass concentration output PMX 2 : cigarette smoke)

Reference data
< Mass concentration output PMX_2 : cigarette smoke >

1000

900
800 +

700 ~ PM10_2

PM2.5 2
600 -

500 A © pmi2 PM1_2
100 4 - PM2.5 2

PM10_2
300 + -

200 4

Mass concentration output [pg/m?]

100 ~

0 T T T T
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Fig.17. EEREH T : 721X Z /% (Mass concentration output : cigarette smoke)
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