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The development of viscosity sensor based on the MEMS technology was conducted.
It came to be able to produce the basic structure of the sensor and strain gauge on the
sensor chip. The measurement principle of the sensor was verified by using a
developed holder which is applied the piezo actuator. The experimental results of the
verification agreed with the calibration value of the standard reference liquid. The
experiment of the measurement theory using the self-oscillation was quite a success.
We applied for eight patents.

AT R FERR
(AL 2 1)
[EEETES N IEEESE & @t

2009 4 6,600,000 1,980,000 8,580,000
2010 4 4,300,000 1,290,000 5,590,000
2011 4 4,000,000 1,200,000 5,200,000

FEE

R
g 14,900,000 4,470,000 19,370,000

WFZE R« T2
FFE O4FL - MIE « MR T - AT
F—U— R ¥EEE, oY, MEMS, #Wtk:, BRREIE

1. WHEBAR S MO 5 NTE L7 0 AREFFOBEZEMENIE LT

WIRDREL, SESEREENF CEE Wh. Lanl, KM, B, mffile & OGS
ISR CH 5. TEKR, REIXT AL WY, T KA TWZR DO RTRR
LD R FRRAES TRIE S TE 2R, i Thole. THITHL, HEkELY, Kttt
B> T, FETRO T A L THERIE Y OPHRDOLENMENER STz, %<



ORI, FEBREL~LE XY, EELR
DOEMICIHZ HND S DITFEE LR o7z,

2. WEOHD

AHFFETIE, MEMS I LHEdki 2 AW, FE
EROMA IRy =T, HAaXMef v 7n
T RAREMERE D = — Rz D 2 E N TX
5B/ N OREEE Y (p-MEMS: A — & A A
)&% T 5. 2 E TORERIEDHZEIC
T D ST IE Y 7ok S E PR 2 A2 L,
Zih & MEMS &4 CERETOOMIESE
BRI 5. Fio, HEREICHRIERER %
WAL, BRRAES AT LE, EREER
BMEEERTAZELEENETS.

3. WDk

(1) T I ASA F VAR ARG
AW TIE, ERLOBMEERITLH720,
BTN, X TIVAINRAL TR OSATIER) I
Ko TR 7 = M EZRESED, IR
IRk E#RE L, MEMS® kL7, B
¥ Lt oL, BEAKI400 umD > Y 3y
==, BV RIS Ay TF T
(Deep-Reactive Ion Etching: D-RIE) T, fE)
40 pmDOTEME L Bl S, 1HA80 umd
HIMEZRORE 2 L TREL 72, 18
BEoORRESEHTE, ¥ 3ok
INCERZRZ L, IREMA & )R o B EE
mlE, B TRE TS, 2ok, F
v T RRERARTIZ AT, REMK &R
DX v v SRR Z =T S EUE, BRI
77y MV ERIND. B 7 =
RO REMEIS T X o T, IRENMA A IRE) &
LT T, BAKBIREZ 60 5. K
OET HFRRNEMTT 5 &, TOEMxlT

X, = 200k, cos[a)t—tan'1 [—21" 26!) ZJ] (1)
\/(waz—w2)+(2fa))2 @y —w
2" =(2nS)/(md), @, =+/k,/m 2

LD, ORI EISE dhi A RIS
L, 749747352 THEZIET
5.

(2) B b R 20Hs B B B AR
ESHEONRRE LT BV RIES S %
V7R EER <k, £, Bk o
MWRERZ YL, T Faz—HEi2 =%
WEIRE) 7%, REPERAHIZIRIT T, B
ET U F a2 — X O EEEIERED /L —
TTHED, 74— KR I G A A —T
77 LTC, HEBEIENE X ZREORIERA
T4 =Ry I A DREENBTHKRD
MEEAERD D Z LN TE D, HERAAT OREH

BRI L7IftEe o F o 7 &

Fig. 1
HDOEBDIRE — NTOT BT —,

X0, ¥ERIL,

k, ) 2
" (?j PO, ©
THHTE S, 727120, K (3RIRBA T ¢ —
RN 77 A, o, 1B RVFEIRERE, Six
IR DERE, p lXREOBETHD.

4. WFFERkE
(1) 5 & Y ORRGE

BA%E L7 fhtE& > % Fig. 1 12”7 D-RIE
XD IMTIE, ve—rZ2HETHZ
EITHREN L, EIRBEEEIED AL TIUN
Rk STz, BREHERE T 40 um Th - 72181,
RRIANY 50 pm FRE LR o2 b OO, FEE
FEILEAT, #a 90+0.3 ERETH 7=,
MIBEEIZIID-RIEICE A Ay o v 7RG
N7z, REWVEETH 50 nm FBRETH Y,
FEPEREIC K X 72 BT RIE S 72 WP ©
Hot.

R LIzt YT v 7% HCRMERNE
17729 7=, Fig. 2 O X H 7=y WAl
AN —a=y bE@RfELTZ. 2oV
=y MI, PZVHRFPNEINTEY, &
VHF o TFOENS RN L TIEAE
IECTES. YR FIL0 Y I/ THEIES
NnNTky, v=ya=y MEEREPIZR
FTHIETE S, 20X SRR —Z2
Wx, B F T ET A AR—FTLLEL,
HENTEGETTRBTHE0) L5 72 fEH
EHEBTE .

RIELT-E= Y 2=y b &AW TR E R
EDFEIEEREZIT o2, EROBEETIE, &
VY EmICFEE L ZOTAHRS — POl
REDThHoTosd, i —HF—ENFT
HIE U CRREFEBR 21T - 72, EHIREE R
IERERERCTH 5.



Normalized Amplitude (A/Ao)/Apeakfit

il Elas

Fig. 4 B BhFEARACH: BE G HHIER R O SEBR AL &

Fig. 2 B'= Y RFWEkitEE I F v 7
RV H—

. JS25
0 JS5

0 JS10
+ JS20
2 JS50
= JS100

0 0.5 1
Normalized Frequency w/wo

Fig. 3 RAEIFZER T3 O 7 A BEUGZ ith

Table 1 JS10 Z FE¥E & U7k o0 B H G 5L

Kinematic Dynamic ) Dynamic L
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24 °C | calibrated value calibrated value calibrated value measurement

mm2/s mPa-s kg/m3 mPa-s %
JS2.5 2.295 1.773 0.773 1.66 -6.3
JSH 4483 3.62 0.807 3.96 94
JS10 8.921 7.334 0.822 = 0
JS20 17.16 14.29 0.833 15.62 9.3
JS50 41.25 34.87 0.845 34.63 -0.7
JS100 80.55 68.77 0.854 63.1 -8.2
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