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Abstract; Humidity sensors are easy to condense and have humidity fluctuation, moreover, their
board distributed capacitances affect measurement results under a high altitude environment.
Therefore, this paper proposes a sandwich plate capacitive humidity sensor integrated with a snake
like platinum resistance heater and its prepared method. Then, it studies the measuring circuit for the

sensor. The humidity sensor with heater was designed using Micro-electric-mechanic System(MEMS)
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technology, the temperature distribution of sensor surface was analyzed and the function relationship
between environment temperature, heating power and heating temperature were obtained by using
finite element analysis. To suppress the temperature and zero drifts effectively and reduce the
influence of parasitic capacitance on measurement, a humidity measurement circuit based on the
capacitor charging and comparative law was designed. The ground experimental results on the sensor
show that the humidity sensitivity is about 2. 3% RH « pF ', hysteresis is about 0. 7%F « S, and the

repeatability is about 1. 9%. Moreover, it gives the measurement uncertainty about 4%, time

constance about 0. 5 s. In conclusion, the humidity sensor and measurement circuit have good

temperature stability, and is suitable for working at a low temperature correctly.

Key words: high altitude radiosonde; humidity sensor; Micro-electrical-mechanical Sytem (MEMS) ;

snake like heater; finite element analysis
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Fig. 1 Four kinds of heater structures
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Fig. 2 Theory model of thermal transmission for

humidity sensor

Ty, T, 53 50 22 75 A% B N A il B2 e 36 055 Rt

B DAIE 2 T A R AT A B VR QT
A (D FR

Q= Qcond T Qrony T Qraa. (D

N T Aoy B o A R T R A SRR AT AR —

AR Y R D5 A R B K Dy T B S, R
ho Gl 3 s,

X
’?;
4
T
’
! 0

3 R AT A A A 3o T A A T
Fig. 3 Simplified model of thermal transmission for

humidity sensor

TR 2 1 JEE A Tt A% S 7 R Tl 3 (2) 3R



11

BB A TR A AR I A s 2 A RS R 3053

dQ(‘,nnd - }\S % ’

Ho A N SR dy/ da 1R B B 1) &, 7 1)
R ESd SR, XL o o~h N
Ay WA .

CAS(T, — TV

h T,
Q(‘()ndj de=—2AS| da="—F"—"F—""" (3
0 T h

TR 3L 52 Jo s H T I AR B A 18 2 WL Bl i 5 |

FANE S (U OO R R (e A S N
Qo =p(TH —T5) (4)

o, s B R A — R 10 W/ (m® » KD,

AR S 6 W A DL H 1 A 5 00 T8 0K A RE
SN B AR BT 2 X R AR B O AR AT Ah B
FEART 25 . ML 308 S0 5 o -3 - 2% 2 € f3t (Stefan-
Boltzmann Law) A I, #4485 /& $4 5 82 7] &
RN

(2)

Qria=2Soe( Ti—T4) (5
Hodr, S AINBIX AR5 0=15. 6710 ° W/ (m® « K'),
RPEH L2 R R T WA AT i AR R R
R BAR LB A e=1,

R R 85 R Bl — 70°C , AR R Ol 1,16 X
10" W/m®, Ry T & 4k 5 Lo B 80 LR A~ 24
SE W AR DR LR B O | A A B R A
AR A, 5 2 W A% B 45 )2 1) () 12 AR BHL . &1 4 CRE R
DL RO SRy 4 o AR o A [9] 32 5 5% A
Jita A ] 0 $A ) Se sf f BR D7 25 SR L 20 (0 3 43 2
H A T 7 55 X

(a) BE—Fpmney

(a) The first heater

B

(b) 2 A #hgs
(b) The second heater

ey

(¢) & =Fhinhae
(¢) The third heater

(d) 26 U Fh i s
(d) The fourth heater

Bl 4 4 FomAgs iy m 2

Fig. 4 Thermal simulation results for four kinds
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(b) Surface temperature distribution of sensor
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Fig. 5 Humidity sensor structure and thermal

simulation results
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Fig. 6 Temperature distributions of humidity sensor
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Tab. 2 Performance of humidity test under different
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+10 2.338 1.12 1.16 1.94
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4.3  BfEE &
A% B E TR R R WAL
AR LR TE R B N 8 o R K 0 AR AR 1Y
Foglh G E R RN S EEENSR
K BNz s, Al AT R s O % B . e
R RS IR E 4 30°C LT F H E IR 35 L ik 2 I
FERAIIRIEE H, =30% ., B ERE R, %
P2 B E W R AR AR IR H =T70% . 1
MR E S AT % EE, [[ B & 0. 05 s 1l 5k —
DR PEAE . B Sk 2] v, TR R I A5 Y
JEME H, il 2 15) I8 4 ¢, 8 2 0 A% I 1Y)

PR i) 5 450
H —H

*=63.2%. 15
H,— H, % (15

S Z k-

[1] TETELIN A, POUGET V, LACHAUD J L, et
al.. Dynamic behavior of a chemical sensor for hu-
midity level measurement in human breath [J].
IEEE Transactions on Instrumentation and Meas-
urement ,2004,53(4) :1262-1267.

[2] FEIT. ZHAO H R, JIANG K, et al. . Polymeric hu-
midity sensors with nonlinear response: Proterties and
mechanism investigation [J]. Jownal of Applied Pol-
ymer Science,2013,130(3) :2056-2061.

[3] VOMEL H.SELKIRK H.,MILOSHEVICH L. et

P 16 O i JBE £ B A% 1Y I (] B E0 ik 45
NI 45 SR rnT R R A A 1y I [] R
0.5 s, 5 EAMEHE 1 RS2 YR 25 {00 B A% % &+
IF 14 5 KORH (8] A8 T R Y O AR 6 Y G TS
TR A5 S A% TS

80
70
60t
sot
10t
30/
20}
104
%05 1 15 2

t/s
Bl 16 AL A% I Ta) o 0 it 2%

Fig. 16 Time constant test results of humidity sensor

Humidity/%RH

25 3 35 4

AR SCHRE T — Rl LA T AR 7 AR e
L 25 0 AL R 5 M B T2 4 ik I T
DA R, HEAT T M R L . SR s R R,
BT B0 A AR M R4 R 2. 3% RH -
pE RN 0. TUF « SsEEMA N 1.9%;
I AN 52 B 29 405 I TE) B 802 R 0.5 s,
3 3 X A% S AT I AR A A5 1 R AL S R AR K IR
BT BEAS OR UE B W o, AT 3G 0E T 9% A 1
BEPE S A RE . ASCWBIE TR A T —4 T
PR AL 25 B R Bl

al.. Radiation dry bias of the Vaisala RS92 humidi-
ty sensor [J]. Journal of Atmospheric and Oceanic
Technology,2007,24(6) :953-963.

[4] AJIL K., STEFAN A B,VIJU O J. On the impor-
tance of vaisala RS92 radiosonde humidity correc-
tions for a better agreement between measured and
modeled satellite radiances [J]. Journal of Atmos-
pheric and Oceanic Technology, 2012, 29 (2):
248-259.

[5] ZHAO CH L, QIN M, HUANG Q A. A fully
packaged CMOS interdigital capacitive humidity

sensor with polysilicon heaters [J]. IEEE Sensors



3060

e KEE TR

522 %

(6]

[7]

(8]

Journal,2011,11(11),2986-2993.

Tia%, 8 S8k, &S T A 28 RO L
i B A v T SRS B Y 5 kL) ). AU AR 4R, 2006,
27(6 ¥ F)) :329-330.

NING DL, YAN CH Q, GAO P ZH. Novel capac-
itance sensor for measuring wetness of wet steam
and methods for improving measure precision [ J].
Chinese Journal of Scientific Instrument, 2006,
27(6supp. ) : 329-330. (in Chinese)

AR, 1 BE S, E 4L, BT 555 Z MR A R
BB 9 KA A R [ . S s T 42,2011,

19(1):118-123.

ZHAO ZH G, LIU X W, WANG X, et al.. Car-
bon nanotube sensors based on 555 multivibrators
[J1. Opt. Precision Eng., 2011,19(1):118-123.
(in Chinese)

B A5 R B AR, [H 77 GTST RS VAISA-
LA 24 Fl RS92 825U L r BT [T ). A %2009, 35
(10):97-102.

LI W, XING Y. MA SH Q. The analysis and com-
parison between GTSI1 radiosonde made in China

and RS92 radiosonde of vaisala company [J]. Mete-

orological Monthly, 2009,35(10):97-102. (in Chi-
nese)

[9] SHIY B, LUO Y. ZHAO W J. et al.. A radio-
sonde using a humidity sensor array with a platinum
resistance heater and multi-sensor data fusion [J].
Sensorss 2013, 13: 8977-8996.

[10] M X A&.50k. ¥, F. —F AIN EHRFEH
MEMS P31 XU A% A% e 1 [ ], AL B ALK 3R
2012,27(6) :2819-2824.
ZHAO W J, SHI Y B, LUO Y, etal.. Design of
the wind velocity sensor based on the AIN thermal
isolation MEMS arrays [J]. Chinese Journal of
Scientific Instrument, 2012, 27 (6).2819-2824.
(in Chinese)

EEE

B %986 ). B.xmiEig A E
L, 3R, 2009 4F, 2012 4E, 2014 4E T
W RV BT R 2 3 ) AR A 2 b B
L2y, FEWESR 10 MEMS %
TR R G R BE R A L A
{5544 B, E-mail: luoyi861030@163.

com

[11]

[12]

[13]

[14]

[15]

[16]

LUO Y, SHI Y B, SHANG CH X, et al..
search of high altitude meteorological detection

system based on GPRS/GPS []J].

Re-

International

Jowrnal of Advancements in Computing Technol-

ogy(I1JACTD, 2012, 22(4): 616-624.

;’%ﬂi’@f/}is R FIE BT R AT LY
25 BE BRI T7 i WE ST [0 ] AL 3 ALK SR . 2014,

35(4):721-729.

LUO Y, SHI'Y B, QU L L, et al..

atmosphere aloft temperature probing based on

Research of

harmonic analysis and AC comparison methods
[J]. Chinese Journal of Scientific Instrument,
2014,35(4) :1-9. (in Chinese)

HIMANSHU J, KALPESH V, MATTHEWS T.
Dual-phase charge-based capacitance measurement
technique [J]. 48th Midwest Symposium on Cr-
cuils and Systems,2005,2:1000-1002.

MIYAKE Y, GOTOM. Benifit of Direct Charge
Measurement (DCM) on interconnect capacitance
measurement| ] |. IEEE International Conference
on Microelectronic Test Structures, 2009, ICMTs
2009,2009:211-215.

) Gy PSR R L L TR HL A SRR ] RO
W7 W sE )] A28 ALK 5 R, 2006, 28 (4):
1167-1168.

LIU XY, ZHANG P, HAN ZH H, et al..

search on the identification algorithm for time con-

Re-

stant of piezoelectric sensor [ J]. Chinese Journal
of Scientific Instrument, 2006,28(4):1167-1168.
(in Chinese)

= N N e R N R (A
[J]. w6 R % T 0k X % %4k ,2002,34(4) :531-534.
LV ] H. GUAN Y G. Optimum design of meas-
uring circuit for gas sensor [J]. Jouwrnal of Har-

bin Institude of Technology, 2002, 34 (4).531-
534. (in Chinese)

MR (1966 — ), I . 35 bR, #d,
LA, 1987 4F T R H R = 4K 15 2
2L 2002 AF TR MK 22 3R A AL
2407, 2008 4 T i R IR LT R 22 3R 15
T 220, 3 R W R U B TR 2 s
REBETRPERR AL, BRI
My MEMS 1% J8& % e il 3R 45, i 3 A
Z 4 4 % R, E-mail: shiyunbo @

hrbust. com



