vy arvVr Y MRER T Oss Rk

V)AVLYFY MR VT OEDHEEREL

Development of High-resolution Silicon Resonant Atmospheric Pressure Sensor
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There is an increasing need for high-accuracy, high-resolution atmospheric pressure sensors in the fields of the
Internet of Things (IoT) and environmental measurement. Concerning the IoT, atmospheric pressure sensors are
used as an altimeter or barometer, while for environmental measurement they are used as a barometer to detect
extremely small and low-frequency pressure fluctuations, called infrasound, which are caused by earthquakes
and tsunamis. Yokogawa has been offering silicon resonant pressure sensors since the 1980s, and its DPharp
series differential pressure/pressure transmitters are widely used by many customers. In response to the
increasing demand, Yokogawa decided to apply the technologies of silicon resonant sensors to the development

of new atmospheric pressure sensors. This paper describes a prototype which achieves a high accuracy of 2.5 Pa

and a high resolution of 0.1 Pa, equivalent to the accuracy of existing pressure standards.

1. 1ZC®IC

it 10T (Internet of Things) BRI HID 738 ThE4
B DZ—ANEE->TETED, TOHTEKE
BEEY Y ORBDIEDN > TWVWd, SUEL VT IdERE:
DM E N ZWET % T & T, @ERRKIENE, iz
BWOMEE R EICBHATINTE 2, TN o0 EEG
g 2RI, KER Y ORED SRz 5 T e
TENE, ThETHRIT S DU > FBIS 2R
MTBHTENTES, PIZIEX, BATIESEEDHEMC
W, HHESOHIER LIk > THE LMD EESZBAIL
BRI T HE D A TN TN B,

KX TR ER LT =— RIS X 728, Yt THIF
U 723 FE 2342 DPharp Il B ATV S ) v LY
F 2 B ER O ZISH LT H LWRUE R > OBFEICD

TIAT O X b &P —E RS RS AR 2 —

39

WTRES %, stfFLeXER Y ORER, ALK
FFEEDIRIEARDOMER 2.5 Pa LRI TH D, R
0.1 Pa ZEW T E B HIARZGSH T LN TET,

2. EEDOEW

vyayLyrr by, stk EErs
LTHBO, EENONETILLHOONTE 2, 16k
ovY)aryLVrybberyHiclHvsn s iRk, &
W5 CTHREIT 2728, MAaPRETH>T, —F, H
ShovyaryLVyFy ey oRFiE, HESKH
WX > THRENT 5728, BMANFETHZ, ThickD
INIER O EIRT O REL 55 2 & T, HAET
TV —a vADISHAAREE IR o7z @, A ATHE
BT TVr—vark LTk, [JERVY - EhREUY .
BHEY IEEL YR ENBTFENS, [T
PRGEDHE ST, BB U7z K 5 IO sl 7
EILBISHT AT ENTES,

ey varyLyrrrtergyERHVT, KiE

KRR Vol.60 No.1 (2017) 39



PV arv Ly ML YOS fREEL

2.5 Pa, 77fi#fE 0.1 Pa LA EOMREZFE > ekt VU %2
FHI B AL LT,

3. BAIEERUEBERE

1CEEL e FE e vy olme TV, 2lcy
U aVIRE - OWE G2 R, IREFIEA YT T L
FIERZEN, AV TS LOE NIJEHOHE LTS
HEENERENT VS, RETIEZOmHOEZEF v
W TR LT 2 DODBEMICEEN, —I7ORE)ENE D
MOLZFHOFBLINC L > T, FEME EE S HICHRE
N3, FKIC, f5OEESHTEMmE OMOBHERRD
ZIIC & o C, MG U RmERE T %,

LAYT5 L BEE REF

v FvT

1RELYOMEETIV

10.0kV 8.4mm x2.50k SE(M)

2 fRENFEBDRAEI 5

CCTHID BV Y LICEANHNENG &, X
A% 75 LhMER, RET-OF IS bbb b
T, ENCIS U MR E O MEC B, T DB%
ZERALT, MERESEET S ick->T, ANE
NEENORZERWET ST ENTE S, BH TR
SkovvavLYFy herY EEBICAA Y TS L E
D 2HFRCREE N, TRENOHIRE RO & -5
T, #AV TS LEFOHEEEDFE L, Loy FEic

40 HiHi# Vol.60 No.1 (2017)

HINENBESDRETH B 2RI 5 ENT
x50, £z, ¥ F v T R A A — FEMAWTRE
RIDERENTED, THhICKDIRERMEZTT> T3,

4 7O R

SJIEX YT, IRETFE XAV T T LHERENT
TINA ATy FIHRE) FH T AB ML 52T % EH 7
KT B 7eDDN—ZFy THEEEN TS, T/AA
AFw T, MEMS 85& 7 ot 2% Vv TE8EL 7z 9,
BUEL Iz T84 XA F v TOEEICIE, Deep RIE (Deep
Reactive Ion Etching) Z M\ C, B3R TFv v I7%
B Llce —7, N—=XF v icid, Y RTSA M
TIC K> T2 LTz,

ALY TS s RENT
zi42707
¥ T

|
N=ZFv T ED:() s\\\\\‘¥VV7
A A W

3LYFY M FYTER—RF Y TDEEFD
BREAR TR

COXSICHWELIETNAAFw TER—XF v T
Z, B3D&2ic, YINEREZEESICKD EAEZE
THAOLE, TOLE, Fv v I3BaEENTHES
(10° Pa) ICR7TeNTEXHFH LN, ThICKDLEL
TS HHERZE R RIS 5 MW TE T, B4, #
ELict oY Fw TOWmHEHEZRY,

BiE/ Sy R

K4t HFy TOMEBEE

BB F Y TERSICRT LIS, N—AFv
= IVCEEEINTATADERED FICHEE L, &
VYFy TOBEMISY REN—AF 7 —)LDOEMD
MEYAYRY RTERSN, COBEMZEL CRE T
DERE) « Wit 217> T\ 5,

40



.

IN=—RAFvo—]b

\

R 5/N\—AFyvoo—jbicEeThict o YFy 7
5. FHMEsER

At L7eXUEE IS DNT, REEHZ2 17 > 72RE R
ZLANISRT

5.1 EAIC & B HIRBBHZE(

LEER > PIC 75 kPa h 5 110 kPa D#sef FE 1% En
U720 2 ROIRH) 1D HIRFEIEL (e, fr) OE{LR L [E
HoOB®RIEE, B6DX5icks, ko VaryLy s
> b0 EFERS, EHOHINCES THRIRFEFENZEL
LTW5,

—o—fc —-@-fr

Frequency rate of change [%]

75 80 85 90 95 100 105 110
Pressure abs. [kPa]

6 ENAINES & HIRA R DBIR

5.2 BEREAENMNFHESESR

AELIERER VYT, 10 CTH S 60 COIRERIPHT,
JEITREHESR 2 FIWT 75 kPa b5 110 kPa F TOHt /]
ZHIIMUZRD S, oY OHIRE G L IREFTOHI172#]
ELUTRIERZIEK LTz ZFDORIEDFHERZR 7 1TRT,
EIERMCBIT BREZDORKIEIZ 2.1 Pa THD, O
EIXAEH U 7o ABER OREE 2.5 Pa DHEIBNTH o 7z, #E
HERNS, GE BT )IRE#S PACE6000 CM2 % Fiu e,

41

vy arvVr Y MRER T Oss Rk

. [ EERORE
~ 60°C

40°C
+ 30°C

20°C
= 10°C
- 0C
= -10°C

Differential [Pa]

75 80 8 90 95 100 105 110 115 120
Pressure abs. [kPa]

7-10°CH*5 60 COREEEICEHIT S
REMNEAICH T BHAERE

5.3 ## ViR L EAENNNFHEER

81, AfEL&UE P, 75 kPah 5 110 kPa
ETOMIMES 2R LA L 7z & & DRER R 2R
T HAEDORAMMIZ 2.1 Pa THY, TOMIZMEH LA
UEBLDNELE 2.5 Pa OHFIPINTH - 7=,

Differential (Pa)
AN ONDOO®

~
w
[ee
o

85 90 95 100 105 110
Pressure (kPa abs.)

8 REMMEANILSHTS, [ELVYD
AEELRERLEDE

54 KSEAERR

AELEAEE VY (Sample) & E#HEZE (Reference)
ZHWT, —HEBARKUEZHE LTz, B9ICHi#FIcKd
KREEREDOFER, MUK 10 ICHEDESZRT, T
NEDERN S, T Y EIEHERONERRDEI
F £l PalclNE>THD, HEISKKQEZRETET
W5 T EDMERRENT,

940

935
93.0

925 ¥

Pressure abs. [kPa]

920 * Reference device
- Sample

0 1 2 3 4 5 6 7
Duration [day]

IREL VY RURERICL BATEAERZROLLE

REAHHR Vol.60 No.1 (2017) 41



vvarvbyry MRUER T OE R

R R SN e PN

Differential [Pa]

Duration [day]

10 REL Y HICL B A[ERERROFERLEDESD

5.5 D REEFHERER

1M, fELizREL > ZHWT, 100 msec D
77— MR TTR&ULE 2 5 BOREEEHIIE U7z & & OJE [
DT T VWOMEE RS, 7T Vo o, 0.1 Pall
WICINE > Tze TTHH, 77fEREIR 0.1 PaTHBEEEZ
5N5,

1.0
0.8
0.6
0.4
0.2
0.0 S e00qe.
-0.2
-04
-0.6
-0.8
-1.0

Allan deviation [Pa]

0 1 2 3 4 5
Duration [sec]

11 4°— FEFRY 100 msec T 50 BIASERE%E
To&EDT S

42 RETH#R Vol.60 No.1 (2017)

6. 5HYIC

FaiZk, ko ary Ly F v sy I EfE G
L7z LWRIEE 2R Lz, afELEREE Y
DFEFEDRKME 2.1 Pa TH - Feo I UTAEHEIS DR
JEiX 2.5 Pa TH D, idfELTt VI EEHERS L [R5 D%y
MrEZGNS, £, TOEYIE 110 kPa DHIFEL
VI LT, 0.1 PaDARRETIENZAET 2T LW
T&Tz,

TNDOFERIE, EREE R @ IE R EREIE I O 7 B
THLWY Y a—arziitd s LDTESEMERE
BERIEL Y ORBICKELHMKTZ2EDTHBEZ
TWd, 5%, IOICHREZED, X0z %K
fEd %

BE

(1) =HKifliih, %%, 1, “Dpharp % 1Tk ", MEEH,
Vol. 36, No. I, 1992, p.21-28

(2) BFHkE—BE, FHHESEME, i, “200M Pa OE & HIEARERS )
aYLVF Y RERR YOS, H33 MY -1
YV EWRHY AT LY YRY Y L, Vol 33, 2016

(3) BPHMEE—ER, BHWA, i, “vVarvLVFr r EHRYYD
EHEL”, E32REYE Y - A 7axY VeV AT LY
VRV L5, Vol. 32, 2015

* DPharp &, RS OGERIE T,

42



