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Development of an lon Concentration and Water Content Simultaneous Monitoring
Sensor for Real-Time Observation of Soil near Roots of Plants
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Si-LSI 2

In this study, to monitor two kinds of information which are water content
unaffected by ion concentration and ion concentration unaffected by water content, new measurement
methods of them were established. A sensor chip to monitor them was fabricated.

Information of phases and amplitudes of impedance characteristics were proved that the water content and
ion concentration can be measured by the information, using electrical models of soil. The sensor chip
integrated with phase sensing area and electric conductivity sensing area was fabricated by Si-LSI
process. The sensor performed to detect the ion concentration unaffected water content. | was
successfully fabricated the water content and the ion concentration sensor chip for precision agriculture
and disaster prevention fields.



B X C—19, F—19. Z2—19 (GtH)

1. WFZEBIE Y DY =

(1) I, [BoRe) [BROREMG] 7L
DI LN TR, Hax RREEREZY T
VB A DZEHAT A MLEEREE - TV B,
FRlZ, TEPIAFET 2KOEEOEIS OK
o) ELER VY BV ULREKSOF
WWEENDIBEBHE LA A 2IKOEE (4
VIRE) OFRITERESTTE THERERN
HThHBD,

(2) —EIZAREOFNCHV LT
HTF U= A =R T U HERRREL R
DU 7 EFMD> 2L 2 FHAI B I3 R A &
ThDH, . BRWRFHITA YA T
=2V TEITOIGA. KoEEA T VRE
DYV TR L L 7o TL 5, BIZIE, 1¢
DEICAZTEEN 1Sm 725 X5 RiE
EANTZEZKOER Yy (ThbbAo®
25 0.5m3/m3) OFAITIE, BRESEETERIE
MEAHATHE 058/ m ER->TLEN. B
HEWZFHELTLEY ZEBD, fRE
H) 72 EBRAEM 5 & LTI Time-Domain-
Reflection (TDR)GFRVY132%IF b5, KD
WFHERN 8L, E2~4, ZEXNB 1 THDHT-
W, EEOFERELFLZORBEE,
ThbblFEEROE(EET=FT 5 LI
LD ZFOZEMICED D KOEE OKDE) %
FHLTWD, LL, A4 VIBEORESL
WEVT 572 DB GHz b O W ER B CENE S &
TWAHLDOD, BRICA A IREOREL IR
KT ZEiFHETWRhoTz, 2, B
DREEZH2em IV KEWVWHEDTH -7,

2. WFFEDOHW

(1) AW TIL, IROEFH R L /NS Y
TEBETE, KoBELEAFTVIBREDW %
HETHZENTED, HrLOFEO/N <
NTFE—LZ NV ERET D, ZOHER
TDR £ D AKWVEREE CEMET 5 Z L3 CTx,
EEEIZ S BAFEEDEIY IAB B LN DE
% XU BAICET/HEIL LTHERIFIEET
HoT2 ., VAT L2O/NUERES THH T2
DLWV E S > TN 5D,

3. WDk

(1) FipdtllFEL LTA A VIRELE
RULEEEZFHAI L, KO EOFEIMZ1T 5 Fik
BFIRET D, ZOFEOERBRMGERZITV,
FHNFTREFEFH O 21T Z & T, By U T
N AFFHI B R 2 BT 5, D%,
THEFH A FTRE AR AR T 3 R &%
e BEL, HBICBIT DA A VIBE, K E
FHEIT O,

4. WFRERRSE:

(1) B LWEHMTIEE 7 DA A R EFHA
1L, FVINEEE & BRI 2 B O RE ) 72
BN A RN A > TR S, M1 I2E
DET IV ERT,

]
5

Sios

P — #
',\ 103 N
= 10

| 102 AKZXEHIIN TN
4 AN
100 108 105 107 10°N 100" 10° 105 107 10°

S
e

-90

100 10° 105 107 10°
JEEEL [Hz]
(b) KyEEE

0 A
100 10° 105 107 10°
(a) A AL

K1 A EE KSBEICHTHA v E—F X
NARZEAL,

ZOMIZ, KOFAEFZFEZEILE KEDI
P b T MELTEGE DA v B — X U A
WTHd, ZORENS, EELEE=X
Vo745 L TCAFVIBRELRZIHIITES 2
LEREEMNLE, £, BB TFICHER
NRIA—=BHBRETDHZENTE, PR E
ol R FDOREELTT o7,

(2) K2R TLoic, HHEEREHAT
SROITER EEFHNTE DBV EBRE L
770 HHEAR CMOS 7ot 2z v, U
aVEWR EIZPtEMRT ) 7 AT e —T
U7 o L FE—F Lt o E2RELE,

2ILFET—H LTS

K2 wr¥TFoSERE

(3) Pt EMAME - - EREEFHIXZ N
£ TOHFFE(3) THEBN TE T 5, PtEMIL,
TR &K E DR EICER EEZFK LA
TITRE LTZFHAIN TE 2203, 250 mV RIE,
10 kHz E5%E 2 AVa Z 212k D 1 mS/m 2>
5 10 S/m £ TOMRIAWFHBIAFRETH 5,

(4) fiFH7 v —7 = U 7T, Al EMEE 50
nm DAL A FBIEGSINY) TE-TWS, I
X, KB EMBESTLZD L, N 5ERE
LI THDTH D, FrlZ, SiNx DEEAK
DWIKOFERT LV REL D L o&EFL
TEY, HFE8oFHilicEZZ2 L2 L oIl
TWb, £7-. Al B FORBACEIT IR E O
Mgk 21T > TWD, ZHuE, HIERSY & K&



W& BN DBAGR & 72 D 7= 8 FEMR 3
XomnAore—Fr A28 95, luym &
JERED Si0, Z TRk L T 5, A [E 0 328k Tl

B OIRIL S AKOA A PENFHITE L LD,

PEME 250 mV., &% 500 kHz O IE5%H % v
TWA, 5mmAOF v 7OHIZZNG 225D
UV EEBELTEY, it ve—7k® %
PO CESMLEEY U ERET DS L
Wk, FA—oxgmeEitilce sk oilcL
TWb,

() ARGy B AP EREAM
B3 Koy R M OA A i BRI R

(5) X 3 1TKEAR T, A A U IREKRAT
PEOFHEEZ LT, AVEkiIRE%
WL TR, A AV RBEEELSETWND,
Z 02 FEOFHIZHOWT, MY r—T k&
v BRIGEEY ORI,
ZOREREX 4, 5ITRT,

M7 e —7 4 M7 e —7 %

ArAEH3(°) ArAEH3(°)
0 0 -

N J K5y E: 1.0 m¥m?®

10 £ /ﬁg PN 10 I m3/m i

-20 o b= a0
| J“ J] TS 4

-30 nf fur® -30 i

-40 -40

50 4 iasp R

-60 A }/éﬁf VN -60

00 02 04 06 08 1.0 10% 102 10" 10° 10
N—=IF 2T M WO A A v E
HiD 7k 55 & [m3m?] [S/m]

() Aoz (b) A A A
4 Koy ERK O A i 5 R

BRI BRI
Hi) [Sim] Hi) [Sim]

1.0 o 10

YL .

08 | AAvEE KA | 10" o

06 K 100 *

0.4 10" Xe

A 1n_')- ’
< n e 100
o2 Iz B e W Ky B 1.0 m3im?

0.0 '
00 02 04 06 08 1.0

0-3
10° 102 10" 10° 10" 102
N—IF a2 T4 NEEHE IR DA A P [S/m]
DIKGy M3 m?]

(a) KoyEZif (b) A A REEL

B 5 Koy E R OA A o i BRI 5

(b) A AU BRERAFIEREAN

(6) M 4 1IN T 0 —7 D% o F i 2 R
LTW5, d)IRpEEEILSE T & X
OFHAME, X 4bNIKRZTORE (bbb
K53 1.0m3/m3) CRHUZIT- =R TH 5,
Z DOEBRFERN S NI Ky B R
BT, AFVREORZEAT D L0 g
Do SITEBESMCEE Y Y OEMELZ R LT
W5, RIL<, S@ITKoEEEILSET
X OFMIM, X 5(b) KT ok RE TEHH
BT RTHD, ZORBRERNS, &
KAGEEY O INTKSEE A A BE
DM IAREHNCEAT D 2 B0 D,
INHORRERAWDZ EICEY, v LFE
—H IR, AT BB RS T
WK EDFHAINFEH TX D Z L AFEFETE
776

<G| SR>

(D F. N.Dalton and M. Th. Van Genuchten, “The
Time-Domain Reflectometry Method for
Measureing Soil Water Content and Salinity”,
Geoderma, Vol. 38, pp. 237-250, 1986.

@ D.A.Robinson, T. J. Kelleners, J. D. Cooper,
C. M. K. Gardner, P. Wilson, I. Lebron, and S.
Logsdon, “Evaluation of Capacitance Probe
Frequency Response Model Accounting for
Bulk Electrical Conductivity” , Vadose Zone
Journal, Vol. 4, No. 4, pp. 992-1003, 2005.

@ M.Futagawa, T.Iwasaki, T.Noda, H.Takao,
and M. Ishida K.Sawada, “Miniaturization of
Electrical Conductivity Sensors for a
Multimodal Smart Microchip”, Japanese
Journal of Applied Physics, Vol. 48, pp.
04C184-1-4, 2009.

5. LRI ILF
CdeRERm ) (B 41)

@© H. Murata, M. Futagawa, T. Kumazaki, M.
Saigusa, M. Ishida, K. Sawada, “Millimeter
Scale Sensor Array System for Measuring the
Electrical Conductivity Distribution in Soil”,
Computers and Electronics in Agriculture,
& Bt A, Vol. 102, pp. 43-50, 2014.
doi:10.1016/j.compag.2014.01.005.

@ I HEX, /M T, SRR E3C TR
B, AN, B AW, ONRECE
Y E MV HERAE RO, &
RFBHWIGEE (Bv ¥ -~ 7a~y
VERFHEE) |, AREA, Vol. 133, No. 9, pp.
278-283, 2013.
doi:10.1541/ieejsmas.133.278.

@ M. Futagawa, MD. I. Hussain, K. Kamado, F.
Dasai, M. Ishida, K. Sawada, “An Integrated
Multimodal ~ Sensor for the On-site
Monitoring of the Water Content and Nutrient
Concentration of Soil by Measuring the Phase
and Electrical Conductivity”, Sensors &
Transducers Journal, ##iA, Vol. 14-1, pp.
160-173, 2012.
http://www.sensorsportal.com/HTML/DIGE



ST/P_SI 189.htm

M. Futagawa, T. Iwasaki, H. Murata, M.
Ishida, K. Sawada, “A Miniature Integrated
Multimodal Sensor for Measuring pH, EC
and Temperature for Precision Agriculture”,
Sensors, #miA, Vol. 12, Issue 6, pp. 8338-
8354, 2012. doi:10.3390/s120608338.

(K] Gt 221

)

IR, EEEFNE, < - SN OE
HERHICmT =AY A he=2 Y 7
TP DG, A E
S MRS LRy N T — J B
=, PERIR B A GRS PR 1X), 2014 4F 11
A6 H-7H.

M. Futagawa and K. Sawada, “On-site
Monitoring of Small Sized Medium Culture
using Miniaturized Sensor Systems”, The
Interdisciplinary Research and  Global
Outlook (IRAGO) Conference 2014, AIST

(Tsukuba-city, Ibaraki, Japan), 6-7, Nov. 2014.

I HEXR, /MR T, SR ESC TR
=, AR, AR, CRHE AT O
72O/ EC OB, 5§75 (5
INELZEEE syl S S T 3 E IR | RS- DN
FALBR S v >N 2 CALHEEFLIR ), 2014
9 H 17 H-20 H.

ATEDEE, ) HER, RRIR S, —FEZ,
£, {BE CFIE, R RRRE = 2
U7 /N EC BT LA VAT A
DOBRR%”, #H30m oW~ 7~
VEWHAYAT Al YURY T A AR
EREE v 7 — (EREALE ), 2013 4 11
H5H-7H.

CJIPHERS . ATHOEBA. AHEER. EE
B, “tHe U 7L 2 A DO DI DD EC,
BE pH BV Z2EBE L LI~ VT E—
kYO, 2013 R Y PR
FRRE, mERY (B RE R,
2013 410 A 26 H-27 H.

FEJEI, ZJIPHER, REIRE, =4 IEZ,
A H A, I, “mm A 7 —/L EC &
VT LA VAT BT IEEHL AR
BOFH", 2013 5% LRy Hra AR,
R T (fEIRE S ), 2013 4 10 H
26 H-27 H.

H. Murata, M. Futagawa, T. Kumazaki, M.
Saigusa, M. Ishida, K. Sawada, “Millimeter
Scale Electrical Conductivity Sensor Array
System for Measuring the Diffusion
Coefficient of Soil in  Real-time”,
Interdisciplinary Research And Global
Outlook (IRAGO) Conference 2013, Irago
Sea-Park & Spa Hotel (Tahara, Aichi, Japan),
24-25 Oct. 2013.

B OB, I HER, fElk T, =
B, Al Gk #H i N EC
YT VLA VAT HIZED mm A —F—D

JERHEHE =% ) v 7 O FEqE”, AARL
WIBRBE T2 2013 F R %, IR F=EHT
X N A (BN 201349 H
2 H-5H.

H. Suzuki, D. K. Asano, M. Komatsu, Y.
Takeshita, K. Sawada, M. Futagawa, H. Nose,
Y. Fuwa, “Research on the Construction of an
Ad-Hoc Network System for Flexibly
Dealing with Disasters, International
Technical Conference on Circuits/Systems”,
Computers and Communications 2013 (ITC-
CSCC 2013), Proceedings USB of ITC-
CSCC 2013, S2, pp.24-27, The Ocean Resort
(Yeosu, Korea), 30 June — 3 July, 2013.

M. Futagawa, Y. Ban, K. Kawashima, K.
Sawada, “On-Site Monitoring of Soil
Condition for Precision Agriculture by using
Multimodal Micro-Chip Integrated with EC
and Temperature Sensors”, The 17th
International Conference on Solid-State
Sensors, Actuators and Microsystems, CCIB
(Transducers 2013), (Barcelona, Spain) 16-
20 June, 2013.

H. Suzuki, D. Kuroyanagi, D. K. Asano, M.
Komatsu, Y. Takeshita, K. Sawada, M.
Futagawa, H. Nose, Y. Fuwa, “Construction
of a Sensor Network to Forecast Landslide
Disasters - Sensor Terminal Development and
On-Site Experiments”, The 11th International
Conference on Wired/Wireless Internet
Communications (WWIC 2013), LNCS 7889,
pp-180-191, Palace of Grand Duke Vladimir
(Saint-Petersburg, Russia), 5-7 June, 2013.
IR, FoER, I R,
H  fl, v Ml L FET—F Lt P F
v 72 AWic b~ MEEEHYCO ECHR
ED U T Z A LFHA, AL 25 4 B
FReERE, AWERY HlFy o
PR (R4 R, 2013 423 A 20 A
-22 H.

oy [ 5N 1= I 12 R = (3 -3
FotA =2 YU TIZT T RN
<V FE—Z )LV ORE, BRF
DR - ERBE - T4 Vvt
Y EEIZES, T ET RS (kR R
T ET),2013 423 H 4 H.

SRk 3L, B KB, DK, Asano, /M2
i, P th T, EEE ORI, I HEE,
A% %, “Ad-Hoc x> hU—27 L EC %
Y= AW R E T Y —x
v U — 7 OFEFIZ oW T, ERE R
WEYE B2l RZAe - LOLRAEERD
72O DIEHIBIE &~ AT LFZEE, Hila K
OB X e N R (BB R,
20124F 11 A 15 H.

I HER, F R, I R, B
M FiBA, “EC, pH. E D[R] A3 7]
REZR M~ VT E— Xt Y OB%
kv vy 7 U—)LTOREZEME?, HARL
WL T2 2012 FE R, UK R



®

@

®

@

@

@

(XF)

o)

B (CREERSORIX), 2012429 H 5 H.
M. Futagawa, MD. 1. Hussain, K. Kamado, F.
Dasai, M. Ishida, K. Sawada, “Multimodal
Water Content and Nutrient Concentration
Sensor for On-Site Soil Monitoring”, The
Second International Conference on Sensor
Device Technologies and Applications
(SENSORDEVICES 2011), Novotel Nice
Aeroport Cap 3000 (Nice, France), 21-26
August, 2011.
M. Futagawa, H. Murata, K. Kamado, M.
Ishida, K. Sawada, “Real Time Monitoring of
pH, Electrical Conductivity, and Temperature
in a Rock Wool Mattress for Plant Culture
using a Multimodal Sensor Chip”, The Asia-
Pacific Interdisciplinary Research
Conference 2011 (AP-IRC 2011), Toyohashi
Univ. Tech. (Toyohashi, Japan), 17-18 Now.
17-18, 2011.
H. Murata, M. Futagawa, K. Kamado, M.
Ishida, and K. Sawada, “Measurement of soil
fertilizer diffusion that uses small electrical
conductivity sensor system”, The Asia-
Pacific Interdisciplinary Research
Conference 2011 (AP-IRC 2011), Toyohashi
Univ. Tech. (Toyohashi, Japan), 17-18 Nov.
17-18, 2011.
Il HE%X, Hussain MD. Iqramul, 2277 4%
X K7 SCIE, A Bk, HE FB, oK
R A A BRI T RE A /M~ LT
%w&wﬁ/#@iwtﬁzsﬁfﬁy
PevAIae T EIEHVAT A v
VRV U N, ZU—R— VS (R
ILEJIX), 2011 49 H 26 H-27 H.
HussainMd. L., —JII HEXR, &7 #CR, I
w%ﬁ%Aammiﬁmm%“%%ﬁx
N Koy B & B RARE RN E 7 o
ﬁﬁﬁﬂﬁ KRG 72 RS A B
i =, WERF/AAF vy R
(Mﬂ%m%ﬁ)mnﬁwﬂz9a9ﬂa

M%% JIESFN 1, FE7e, HEEFH,
“ﬁ%ﬁﬁvﬂx%% &/I/ﬂz Y DB3E &
it 7% MR IZ BT D RIHEORE 1
~¥%%$EE%&%%%wkEoﬁE
[ REFHAI AT RE 72 /NI A < — & > Y DB
A~ HAREWBREE T2 2011 LR

2AbHEEFLIE ), 2011 49 H 6 H-8

H.
JISFN 1, FE7zm, JIHEE, HEF,
“”%%7w%% &wt/%@%%k
it 7% MR IZ BT D RIHEORE 1
—m@tyﬁ%ﬂmbt%vh%ﬂ®E
CRH—>, B ALY T2 2011 4F
LR RS AL HREALER ), 2011 429 A 6 H
-8 H.

Gt 21)
TN, WA, A mEE, i, SR
X -F f— A, FBRT A ABA%

“BER~LFE—X LV ORRE,
pp. 385-395,2014 4E 11 A (4 p.410 4 pp.
385-395 Z$H).

@  JIRER, EmfA, M, kst x .
T A= A, WM THEFES AT L L
TR O BT, v L TFE'E—F LB
FDOEIFE”, pp. 137-145, 2013 4E 4 A (&
p.566 1 pp. 137-145 % $H)

(PESERT EEAE)
oYL Gt 21F)

AR KRR G RS R A E, &
VY Ry NT— I AT A, Ta s T h, K
R FIER X OVEREEE R Gk
FEOFE - BmkEE, )R, EE
MERIZE - (R A BT v 7 A, BAGHA R K
TEAE - RERT

F5 : RERE 2012-068302
HEEAEH B 2012483 A 23 H

EWNsOR] . BN

AR KRR G ERUREE R HE, &
YRy U — 7VXTA\7D77A\K
SR FER L OBSEEE R HiE
O - BmfEE, )R, EEH
MERIZE (R A BT v T A, BAGHA R K
TEAE BT

5 FFRE 2012-068303
HFEEH B - 201243 A 23 H

ENsAOR] . BN

(2]
AR B 5

AR Z)IgEE
http://www.ipc.shizuoka.ac.jp/~t-futa/index.html

6. WFCHHAR
(ORI ES
—J)II HEE (FUTAGAWA, Masato)
BRI« KPBE TR seft
WotE R 90607871



