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Design and development of high sensitive smart formaldehyde detector
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Abstract ; Aimed at the defects that the small formaldehyde detector had high price and low sensitivity cur-
rently,a smart formaldehyde detector with the microcontroller of STM8S which had high sensitivity and pre-
cision based on a new nano material sensor was designed. With a special gas path and high precision signal
acquisition circuit,the detector achieved the high sensitivity and high precision measurement of formalde-
hyde gas. It could sense 0.03 mg/m’ formaldehyde gas,and the resolution was 0.01 mg/m’. The detector
designed by low voltage and low power was powered by a 3.7 V lithium battery and could work more than 8 h
with optimized power consumption design. Wireless charging and Bluetooth technology were integrated into
the detector which made the detector communicate with mobile phone ,PC and other personal intelligent ter-
minal equipment. Test results showed that in the range of 0 ~3 mg/m’ ,the deviation the deviation of the de-
tection result of the formaldehyde detector was less 2% and it was superior to other detectors.

Key words :formaldehyde detector; STM8 ; sensitivity ; intelligence

%5 H 87 .2015 - 06 - 30
EEWB x5 A3 L35 %) (T k) (BE2011084)
TEEB N2 (1989—) , B, Mo B A TA, LiERFMEIMRA, TLMRTH @A @R+ 5MNETFA.



%5 5/6 W

XEE,Fm REE

FEE R R 5 IF R - 147 -

0 355

F R — Fh RE 5 & 22 Rl g L EL A S0 P 1Y)
AEAUR K| IR BT SO R
FENRMEREEER R, 58 T AR & B .
T Il ) ot ML i 23 v R R T B v R
HeFEE A 0.08 mg/m’ , /8 Hk37 BT B 1) B o5 AR/ Mk U
290.10 mg/m’. FIR, FFRE A I 52 7 v B A 40k
JEREVED i ik | Al A BT AL I A
VRO A H o 2 R TR B 43 06 06 JE 1 (GB/T
15516—1995) ¥ VE g [ A 3, 4G 00 46 oAy o 4 ]
5 JEIT R A I 1] K. 1. C. Rodriguez 2517 5 A )
Y AE AR T 175 S A 60 min 5523 3 min, K
AT RGN AR ). P33 A 5 T A 2 O
I T BRI Y KIS IR, AN T A R
K. C. L. P. Thomas %™ Fi| FAUAH (43 - B
(GC-MS) 43 W, 5 52 B3 3¢ v, (E X il 6
AR A BR AR o EL A B 5, ol A M A2
R vs" 2 I T I R, — AR D
o P T A JES i i 0 8 485 430 2% 1 P e 22 114 7
5, A 85 2 H I A et ) % Jak i E 2
fep AL as " kR4 F A DART Sensor 4 ]
() HL AL A AL RSB T HRE R A, (H 3% Ak 2 1%
SRR L A nA G, (5 SO, IR S = F 41
FU T, T ELA RS L 5 5, AR ME ARG A AR
SOV I TF S — T 5 37 B0 40 K b A% B2
2 7 B R IR A, LA 0 S B TE 4k L A R A
5 S f 4, 8 B A IR R 22 W% 85 AR BN TS
T e A .

1) i B

ARV R FH I HR A B A Hh I M 4 A% 6l
B AT BR2S /] B 8 & A9 NGTFS10a. %1% 4% K
FHB BRI RE, 52 B H I AR 11 8 2 5 v ik
PEPEI R, 4 12 SR A 0 2] SR BB & A
AL, HAS A 5 R M 2 — 8 IR R LA
W Ry SR Ao e v PR A IR AR B LA 5 B 4
HURAE 5, P20 b A 00 46 v B A i 2 B o L, 2R
FATUAR AR A 0 2] 1) PR A 5 R A7 3 R4 2 A 1
(18 FF TS A JEE .

2 RGBT
RN SR BB B 3. R (R T

SEAANIE T 7R AN B RO LS AR e ml LA
T IR (UL 2) SRR T A R e
B PN R AR A S A

Loer s | [ ez |

1

q%%m&%%%
W 3 A A
|
T R I AR

I T
| EEPROMAU 7% | | e |
A1 AR B AU R A 45 4

B

e = B

1 STM8S
{55

A/DRHE

o R [

5 103K3

B2 Rkt nlK e sk

2.1 fAbIEBEEIESE

STM8S Z A1l 5 ML 7 11 AR A wI % T 2%
HLFIF i Y 8 7 5 5 AL N FR R s B
A 4B, A 32 AT E R g, i
TRHERL 10 f37 ADC, 4 B8 EEPROM , g 25 A4
R E R g G E B g A ERT RS 2 N F
I 1A B, JOACHAT A2 T A5 SWIML i A
B DM DIAEAG : AR REEAE2. 95 ~5.5 V, ik
FEREX, /N IIRE A 11 wAEE D 5. Bf
CAN2.0, UART, SPI % IIC %538 {5 32 11 B A {5 .
STMS8S 4 Fr A& 1E 2 JCAAT , PEHT FLAR .
2.2 STEEREBEIEIT

RS IAL R AT 5 AR R S I N
e, RGBT AME 7 2SO0 L S RX A4k,
fE LI ISET 528 2 10 uA {55 RA AL B ILIA] 3.



- 148 -

MMNBTIZRFHRBEAMZFER)

2015 4

Ut R 28] FRY R SR I BELE & 2R A8 Ak, AT 5
EE Wi L {5 5 Sensor Signal 197284k, 5 5 R &L
i STTRUR 3 AN AN S R S LA N PR
S ERFTBIL, ER B BILEA T R Ak 3 5 R L
BT .

SR ERR NN S PSP B R N/
AR LM334 3547800, LM334 8 IE RS R8s
8, RO +0.227 mV/°C | kI BV A 52 1 F B
BT B R, FTARAY INAST AT AME. AR
St B R B T RO - 2.5 mV/CL Rt
P AN HLBE R, F1 R, AR BELAEL, 345 A [] A 4 30 Ha
R EW, 4 R, =13.4 kQ,R, =134 kQ K, 7]
T E| IR ISET =10 pA fH.

NGTFS10a 7E H0 37 36 B Py B BEL 25 £k M 50 kQ
) 200 kQ, e fE AL H f BRSSO 0.5 ~
2V, HIAE 5 HT K. [FIEE, A5 % Beds 1 &
RPPEFS, WINA T H0, REB BT T —
PR D8 D 2R T U I, H R R B e R R i
B OPA333 #4155 3R sh Ay 345, [Rli, 3k
R HER S 5 8, BeAs e T i N AR ) A
PR AR T AE 16 7 =5k B ADS1100 i 17 5 50 e
o, JEHER 3 VARG AU 0. 045 mV [ L AR AL,
SRR R B A 2 HER /N T 0. 01 mg/m® [ EER.
2.3 {RIThFEIEIT

Sk SE AR AN A IR DI FE H AR, REEEHCT G
HUE IRIDREIS s A s R AT I =X, L AE 1
AL ; R, 2 A2 5 Ak, R AR
A TCA B O IRIRCIR S, i — 25 BRI Th #E, 2
e IS P i FH A% 3 R i
2.3.1 REBEIME ANKASCRAHAYT 18650 £
H AL X B R IE R AL 3.2 ~4.2 V. iy

BRI A b 2, RSB 3 Vil
Hs AT 5 D DRAIE L s A9 RS 1, SR AR s 25 A2
Fr XC6206 17 [ 5 XC6206 f5e /N TAF Ik 22 1
0.2V, a] fRAE 24 L i B K T 3.2 VIR AR E g i
3V, B 1k T Sl I 5 R PR A 2 R A
JEE AT SEHE.
2.3.2 RIDFEFXNABE NI EHPEE, RS
BOTAMRIIAE T L B, BT — SR G AL AL i, e
G800 i A R CRBLL, A 4 FR. 2T LR
S T Ak TP A B ST ORAE i A (T 5% , £E R K
FEAE BT X REE I 5 HLAY 170 AT B 3 LR
BT RO R 2 R0 A4S PS102FMG Al
A03400 7B [k [ AR AR /1, DL AETFHLAR 25
B EEATESCAL A e B D RE AR AR 5 /D5 i e S G
PUIRASI , BT A i (R AL T 5 Wk 245, X B IR A
HLLTHAE.
2.3.3 RIFEFAXREINEE ANHASCR R
A AR DA A 8 21 Y B A ke e =, O T K
SR AR D BB BURE , BETT TR DIAE A UK
gk (WA S) . IR s H ikl 14> PR MOS
PS102FMG Fi1 1 /> N 7 MOS 4 A03400 4 5% 5%
PR =R 9k Sl L % AN [F], MOS A8 D v i 4K 5 7 8
P8 WA LF B H A e 22 BRAT Fi BEL, iy HL BT
e X P Al MOS A% 3w BHLAE /N, A0A
50 mQ, 75 5 TAERS, R FEALAS mV, SFEALH
0.5 mW,L/NF = A AR, Pt , A BETTAY AR SR
Sl i, HLIAE R ORI FLTRT 3 mT 5.

(I, A /) i AL Zh R KE O 3R Bl v g% A
AD,EEPROM 4 4} [l #5% 1 14 L T 0T 5% fi g%, 7 2
PR, AN i S ], SE BBl A5 e, il R 4

10kQ |ISET
S

vee
1 LM334 3
IN ouT
~
LM334 o g

0.1uF
GND

ensor Signal
 —
470k
RX
106
10pF

IR 5

134kQ)

10 pA ¥

IHE.
1
1
10kQ
vee
”—"[-GND
0.1uF
=
GND
‘ 0PA333 ADS1100 P vee
> aDSIT00F
5 >Jo—|: ; VIN+VIN-J .
M 330k0 ] GND VDD i |—|||'GND
“ T SCL  SDA———
o 220F
GND GND GND

(CREaEE S e

A3 AR fErRELRA



55 5/6 ] XA R, F B R T EN R RIS FR - 149 -
3.7V
j— Yo }__ 1 110
P5102FMG —1 1—
o [ 1 o
= % 1
Batter -
i A03400 = GND
L2 GND I:] 20k Q)
GND
B4 Akt 2R AT £ AL s 5% A
3.7V 5V E, RHEHBWHMOS~1 A X
190K 3 600 mAh 75t AHEHLIL (FEW LR Hy 4.2 V) HEAT
B o, AR RN ] RS [ 6 M 7 2, 7 F e
- = psioario HeLFE 1. (i3 1 Al L, B FE L 2.5 h i p e i
Q2P gy —OutPu JE A 4.16 VTR A 26 76 H 07 3 i Ll s T A
N 371V, SR FITEL 75 oL )7 2 i fhL 3 1 F R T
ue P H S T 0 B T S 7 PR O
oo [, A8 L 40 e i 3 6 S, v B B R T

HS AZFRHFEIT R IEFH LA

2.4 MBI

TG WA S Bt A% 4 Fod (5 2 R A 407 =X,
AR B TR A o, I TR FIRS By itk 22 TR
TCLR W oF s AR e 7 S Bk A 5 i 2 i)
RS £ R B R A R FE i R BT
A5 1 A R
2.4.1 FTLEFERF ZWLOAHL CSR 8
frsE, Dp A I 21 4 K 12 i 2 FHL L PC AEAS A
L e b, I REIE A A2 s ) PR O 3 Y
AR, T T — S 16 6 20 85 v 0 00 3 42 7]
FLIE SR B A B R REAL AN R 25 4E.

A AR RERR A 3.3 V kel R AL e T
PERIR/NT 50 mA, JF LA 1 IR/ s B30 IR 0
KA THLPC A5 N A by 16 FL AR [A] B 6 28 F Bk
AbFIRBRARZS , A RO/ 1 5 BB D g, m] LA
6 A BT L R Y A R K, P R i B R
RS W B %4 A 8 b, JFRESE L 10 m /2
A 113 £ B
2.4.2 E&FRINEE PAEMBA LI, B
MO S R, A BT S K R T ) A, TG
2T IR s I 0 S P TE R e R
G QiARER L S AR, 22 & 4B Bt

H 75 DWOL 11 8205 A 419 A 47
A AR R R K € A

fif i)/ h ALFLH/V LIV
0 3.50 3.50
0.5 3.58 3.73
1.0 3.64 3.83
1.5 3.66 3.94
2.0 3.69 4.05
2.5 3.71 4.16

3 RGEHMAET

BAF BT T TAR iR Be b AT, R AL Ak
{1 25 P SELAEL 2 . A IR AR 08 PR DI, B K P T Y
PR E], F2 4508 5 BR HL STM8S FE AN T AR BEE
DRBRARZES , 2R T v W7 J7 XM i, R R B i AR I 119
PATHCR. SR I 77 50, FIRHTIR, Aig
AT AT AR 1 5 PAT. 32 B e A AT Y A TR
i FURHERLS AR 5 R AR Bl A7 A B |
TFT W0 A | 2 36 TR B | il 388 2 A B (i)
PivL T PR AR | v RS PRSI (12C {5 A
s, 2 fe g i sl 6 B

FEFy EXTREAR DR 10, M3 P AL S 1)
RO PR RE O BLAE T4k, anfl A 22 il B
SR s N2 , AR e X HY A PV



- 150 - MMNBTIZRFHRBEAMZFER)

2015 4

Refresh_Time
>5s7

HEAPRHR, AERpE R
R A

SEALIROF Ak B

A6 KAXTEZEABREMN

4 PG RXS H S b

HE AN TR Ve B2 ) A o PP 7 A AT U 855,
3 A BTTA F I AR (29 51 F NGT-1, NGT-2,
NGT-3 7% ) X H A e B2 R AT K, () I 45 56
Interscan 23 7] Az 7 8 48 85 20 HY A 0 A Inter-
scan4160—19.99m # 47 Xf L. Interscand160—
19. 99mJ2&: H FifME——#0a i b B W7 B ARk B 2h
BE A W o S e 25 PN N T, - 3K 22 o e
JRyTE RO UE A FH ARSI A . 3% e SR an el 7 e
. BT AT, 7E 0 ~ 3 mg/m® SN, A8 SCRTF BT
1) R RIS S AR AR R 254 2. 0% |, 1 S5 [ Y

Interscan4160—19. 99m HHEEMEAL M ZEH 2.9% .
3.0r

—&— Standard values
—O— Interscan values
—&— NGT F-1 values
—V— NGT F-2 values
—>— NGT F-3 values

2
W
T

2
o
T

MR E / (mg - m3)
5

e
W
T

I 1 I 1 I 1
0.0 0.5 1.0 1.5 2.0 25 5.0

e (mg + m )
B/7 A&kiths ERENE] 5%
IR B 9K 4k R Tk

5 g

JETFH L STMSS RV LA bR 18
BEFFIF AT — PRGBS 76 S G0 19 8 PP
0. PRMBAUEA VP2 0 Ko MUK 05 S LI
/NI 0. 03 me/m® f# 11VE S FR I B, 4398 ¢ T
0.01 mg/m’ s WA 15, (45 HUA 15 ¥ 76 LA P35 20 e
., SR P R (R IS T 8 b UL )
DA T e A R ) s 3 PR
Jot FNATREET 1 52 PRI SO AL, LA B4 1
LT3

SE 3k

[1] GB/T16127—1995, F £ A % WEE oy I £ 4 [ S].

(2] ##% B3, HREA,F A FHEAPTWERN E—
BHR Al oot ot B[] ) R E T & A #,2008, 15
(4) :56.

(3] EWAH,EEH. ACF -7 £ R& - HMAT-Z A €%
FMNEEATATFEL)] X ETA¥¥W 84
B2 g 2011,35(2) :262.

(4] ZH,HFER,KEX, % BRAN - TEMEENE
NG EAFFELI]. B EF K #ARE,2010,
26(3) :238.

[5] Dirksen J A,Duval K,Ring T A. NiO thin-film formalde-
hyde gas sensor[ J] . Sensors and Actuators B Chemical,
2001,80(2) :106.

(6] HIWIT. 5%, E & 2T Sn0,-In,0, 4 445K 4 & i
WAL W B BT R[], oA fh 2 ,2014,42(1) :47.

[7] Rodriguez I C,Bravo S R, Bendito D P. Selective monito-
ring of formaldehyde in air by use of the stopped-flow
technique[ J ]. International Journal of Environmental An-
alytical Chemistry,1995,61(4) :331.

[8] Thomas C L P,McGill C D, Towill R. Determination of
formaldehyde by conversion to hexahydrooxazolo[ 3 ,4-a]
pyridine in a denuder tube with recovery by thermal
desorption, and analysis by gas chromatography-mass
spectrometry[ J ]. Analyst,1997,122.1471.

(9] WRET, B4, Kk, % FRRELFLERIN N
s R[] % H I A& %8 HF, 2008, 18

(12) :2518.
[10] X% EHXFEAMNUNAR[D]. K& FHL
% ,2007.

[11] XFD KA, K. KA E W FEE KN A&t
[J]. s 7%t T42,2012,19(22) .48.

[12] EHA 2R, 28,5 ETET40ERNERRZE
ZA[T]. wFH|1E,2015(4) :59.

[13] X &% R&xd AR R FHET]. BIEHKA,2015,
39(2) :231.



