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ABSTRACT

In this paper, we investigate the properties of CoGe thin film-based galvanic cells as a function of their dimension
(cell length, width, etc.) and show their application as sensors to Arduino-based [oT sensor networks to detect water
contact. Because these CoGe thin film-based galvanic cells do not require mechanical strains or temperature gradients
unlike piezoelectric and thermoelectric energy harvesters, we think that these thin film-based galvanic cells are more
suitable for self-powered sensor networks demanding sustainable and robust energy harvesters. In the past, a
sputter-deposited CoGe thin film has not been intensively investigated for energy harvesting appilcations. Thus, in this
study, we perform a feasibility study of galvanic cells composed of a sputter-deposited CoGe thin film to see if they can
be applied as potential self-powered sensors. We believe that this paper will be of great help in developing even more
enhanced sensor networks.
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At A7k, AFEQIE M (Internet of Things, [0T) )
EQ3E LA5H= AP AlA] (self-powered sensors)
24 A oA S| A8 AR} (piezoelectric energy
harvesters) & G4 of| %] S| AE AZ} (thermoelectric
energy harvesters)ol] tgh 1517} 23] o] o] x| aL 9l
tH[1-4]. SFA|HE 7] Eof| AFEE o] A3t A2 A&
ol T2 93] & 714)Z ¥HE (mechanical strains)

= 2% 1ol (temperature gradients)E 2 Q 2 b=
Aol A 23 AZE 5k A QA AlA 52 85
AlA Y ES =0 AgshA] o> SHol ik

olo] what | Zoll= =AY T ALAE o83
galvanic cellZ AlA W EQ =] MM = o]&37] 917t
A7) Wo] o]Fo]x] 3L It} [5. 6]. ©]+= galvanic cell
o] 75 gkl A7t ohE F oA WAyshs 4tsh
2 7|Rke = FAsh] wiizoll &7 71Xk, A=A
9] &2to] 7hs5t7] wtolth

7129 galvanic cell 2 GO 2 31 A7t A=
o2 3 A0 <5 (metal) 502 A ETE whebA,
=420 2 A e Apol7t S5 cell?] o g A] &)
W22 BAJ0] $atThal B 4 gliz, & QoA
7]2&9] galvanic cello|A] AMREE 24 o] ol
CoGe B} (cobalt germanium thin film)S A=07 A}
25} galvanic cell 2 A5t}

RF (radio frequency)/DC (direct current) co-sputtering
HH © 2 A)ZLE CoGe thin film-2 sputtering =7 o] u}
o} 1714 S4o] AR etA, 7] B4 1T
& A1 galvanic cell T} B RS o, ALK HE$)70]
X BaRE S4E HE A 4 BEAZ & sdrks 1
ofl A 7]222] 45 1A=t e} galvanic cell 4|24 210}
efapeh

2 QoA ol2jgt CoGe HHoF AFow F4%
galvanic cellZ 39 &g]o|u|= (flexible polyimide,
flexible PT) 7] ol A 2kalo 24 cello] Z7] (Zo], Y
v ol w2 A 3= AYS A=, o] 25
H cell®] Zo], vH] Z12]al H=2] Apo|=of uhe} thE
N Bl= At F3 ks &4, lskgich o9}
H&9], CoGe B2} 7]H19] galvanic cell-& & H= AlA
(water contact sensor) 2 -8, & F = of Fof g} A
A& %98tz oFF0] = (Arduino Uno R3) 7]5ES] AllAf

=29 5243 Selshsic.

0. A%t HIE Y SN

2.1, CoGe gtat ==t

CoGe ¥}-2 RF/DC co-sputtering W2 53| <2}
H o=, 7L 2702 Table 19 YERH I} CoGe BFaf
2 1x2 em® 27]9] PI 7|3 9Jo]l S22t CoGe
dhap S2R2 QhA] A AR 2k (electron beam
evaporation) 7]< 2 525 In (indium)/Ag (silver)/In
(indium) (In BFaf FA: °F 50 nm, Ag BfaF F7: oF
1400 nm) = 9]of] F2H= et In/Ag/ln H=2] o]
= 9F0.27 em’E, 3D ZHUEHE AZE HES upas
(shadow mask) & o]-&s}o] F2tE|glom, AT& -4
5= In Hhaba) Ag vl W= AR (room temperature)
oA S2E AL, 7T FAl= AR F2 ] o AdH
7 ®U¥E (thickness monitor)S E3] AR|7FO.2 A

of =) git,

Table. 1 Co-sputtering condition for CoGe thin film
deposition.

Co Ge
Sputtering type DC RF
Target purity - 4N
Sputtering power 250 Vx0.03 A 120 W
Sputtering gas Ar gas, 20 sccm
Sputtering pressure 1.5%107 torr

Sputtering temperature 295 K, room temperature

Pre-puttering time 15 mins 15 mins

Sputtering time 30 mins

22, CoCe g}at EM 24

FAF AR} #u]7g (scanning electron microscopy,
SEM)©.2 2%l CoGe Hhete] whel ofm| Atz 19
1(a)ol AA=3Ac) xAl 3148 (x-ray diffraction, XRD)
Aol mhE x4l 31 74 (XRD pattern) 1 1(b)
off AATE =, Hhake] F=AL M=} Aw) g o] x]of 3}
AR FAIE uake] E 2 RE 221 CoGe Hhte)
704 o 350 nm el SRRl 4= 9o, x4l 8]
of| A T=513t 34 1] = (diffraction peak) 7} lth= 2 of|
A F2HE CoGe M4l H]7%d 4 (amorphous) & -2}k
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Fig. 1 (a) Cross-sectional SEM image and (b) XRD
pattern of CoGe thin film.

Co Kal

Ge Lal,2
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Fig. 2 EDS patterns of (a) Co and (b) Ge of CoGe
thin film.

CoGe ttat 7|4t galvanic celle] EA 2 oT MIA LEY30]| st M

=, .

S2HE CoGe HPaE AR x4 23 (energy
dispersive x-ray spectroscopy, EDS) 0.2 A5} A=
17 200 AlA|= o] Uek 17 2(a)2F 2(b)ofl AIAE A=
o], el uu RHo] 4 Cos} Gevt AEH AT
ol 4 2247l ¥ato] CoSt Geol B, CoGe Hhutole}
A 2 2l o714, S ML ok Co

YA} H]& (atomic ratio) 0] Geoll ]3] 27 F-2 A&
gholgt 4= Ql&=1|, o]+= Co2] DC sputtering =2 A2
o] Geoll H3l} R7] wfjiZQl A o2 Helrk of7]A W
Co YA} H| &L o= o 2 Aoj&H Ao 2, CoGe dhat
22 oA Coo] 22 AL 2t olrleh ut
uhg A3k Cool 914 vl o] A|bAIA) o] o
ol YA or Fa oA Co T2 Y-S R
sheit

% 39l 220 wE CoGe HfEro] A= Al
(Seebeck coefficient) 18|31 H7|HAELE (electrical
conductivity) ©] H3}7F A A = o] Stk 19 3(a) o] AH
A49] 571 2 (minus)Ql 22 2EE CoGe H2
n-type?l 215 QIS = QlTh[2, 7], 217 3(b)ofl A A1 7]
HEES 217k S7ho] theh S7ieRs Ao
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Fig. 3 (a) Seebeck coefficient and (b) electrical conductivity
of CoGe thin film as a function of temperature.
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2JuEA} 2] netype Btufe] u]3h 1
2] ) ghrhal 2 4 Qv [2), ol 19 16)9) xAl
8] W= iE SRIa 4 9lio] CoGe Mol 1]
Hol7] Wlos 2w} CoGe uhute] Au] A% %
A7) A= 2 g 3 (7], (8], (9]0 A4 E

¥S Fusio

I, CoGe Hiat 7|Ht galvanic cell M

3.1, 29| =0|oj| k= CoGe tat galvanic cell EM

CoGe 2r2] 77]2} CoGe B} 71419 galvanic cell
& A8 A=) 217)of w2 galvanic cell©] o1 %]
shlzE EAS ZARP Slslel ket 2719
galvanic cell & A|ZSIR oM, o] cellEo| &3 &
2 uf] WS JHHF 3] 2 A (open-circuit voltage) S
=4stgct. ool QA 7141 CoGe 8} 7)ube)
galvanic cell®] ofqz] shH|A® S5 &elstaral,
cello]] F&3l= E9] =0] (h)o]] & galvanic cell 2] 7}
W 32 A HIE A=, ol ZLE 4ol AlAl
wo] 9l

1x2 em?® 3.7)2] galvanic cell S 713 4(a)$} ZHo] 3D
ZE (U ol 2x2.3 em’) 2 A2 A E Zrjof 1
gatglen, 6 Uio] FAVIZ & (DS T4
shol £ vfute] A& WANA AAZEOR ol
ufel wAlShE A Bl HYRS W R Sl
ok 2] ol 2 2el7] Sla) o) ol ¥ 2o} ¥
274319 01, galvanic cello|A] LAYk 7 3|2 At
£ 030 £ 5 24, 248 Ak 13 4(b)
off A= o ek

1% 4b)ol A e Eolvh Z7beol whet A o)
W 812 ek) 3717k F7kkehe AL shelg 4 olck
CoGe 81} 7|H1H9] galvanic cell 2 o]z 3052 o4 A
om 29 A2 A4sgom B Fol7k o 13 em
A= E u], CoGe B 7|Ht galvanic cell2 Z| )] 2F 0.4
Vol Aok A skleh &2 olof wE 7w 2l= A
S 2710) 571 A% 29 40S Fol B 2Esh

geld & =, olHdt S ol HE3h= CoGe

grate) i Fo] Skl Yo 2 2
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Fig. 4 (a) Photograph of CoGe thin film-based galvanic
cell measurement. (b) Open-circuit voltage of CoGe thin
film-based galvanic cell as a function of the water height
(h) and (c) the increasing tendency of the rms value of
open-circuit voltage according to the water height.

3.2, CoGe tatol Zlojof| t}2 galvanic cell EM

SFA] 3,18 of| A= galvanic cell @] 27|+= 11 = o] 3]
a1, cellof] F k= =9 #ol& S7H 1% W galvanic
cell®] o J#] shujA¥] ¥S}of thsf] Yrobigiet 3.24
of| A= cello]l FHFsh= &9 #ol7F 44T w, CoGe
Hhako] Zoj (I)of] wh galvanic cell&] ofj %] a1 28
579 Histof thsf| =ofgteh
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uletbA], 3.2- 04 t}hF= CoGe B} 7]49F galvanic
cell®] Yu] (w)= 1 mmz 5L, dol=9,11,13
mm= A A5Gt In/Ag/In 59] Uu| 9} dol= 242f
1 mm, 3 mm7} EE2 5}%=d), o]u SUS 3042 4
%= w222 (shadow mask) & ©]-8-5F0f 4212]
ule} 71o]2 eejshol ARSI A 82 et 27
Al, 222tel] HEsh= B9 E0l= 0.6 cmE LA E U=
g, A2 g2 Zo]E 712 CoGe ¥} galvanic cell 2] of
Y| shHlAg 542 19 59F At

19 5(a)oll A =2 E=ol7F YT u, galvanic cell 2]
Zol7} A5 celld] 7l 32 A § ks A
hRlgk 4= ik o]t B2 19 5(b)ollA B % £
A=, oli= cello] Aol7} =45 23 HEsh=
A o] Zol7t 71 cellof Blsf §7] BfZ¢] Aoz 23l
o} SEAIRE, cell @] Zol7F dojg]of whef, i 314 A
GO A7) 9 FAEL Fo|Es AR Holzt|, o=
o7k Aofof wet &3 HEohe WA AL
2 Zo15ANL &3 HEsHA] ¢ HAlo] Sold

—H—/=9 mm

=8—/=11 mm
=30 =13 mm
=
=
s -60
=
=
-
-90
-120
[LX]] 0.3 0.6 0.9 1.2 L5 1.8
(a) Time (x10" sec)

100

[Voel (mV)
&

% }

40

9 10 1 12 13
(b) I {(mm)
Fig. 5 (a) Open-circuit voltage of CoGe thin film-based
galvanic cell as a function of the length (I) and (b) the
decreasing tendency of the rms value of open-circuit
voltage according to the length.

CoGe ttat 7|4t galvanic celle] EA 2 oT MIA LEY30]| st M

W 27ke] Aol AriH oz AXA ol ArhH oz
Ao Bato] 4% wAo] ot Ze &3S

ujEo g Holch

3.3, CoGe gtato| L{H|of| L}Z galvanic cell EA

CoGe HJHfe] 1B (w)ofl whZ galvanic cell 2] o #]
sk 28 54 19 60l AIAE AT o] ), cell&] 2
o= 7 mm, U= 1,2,4, 8, 16 mm7} 5| w2 A21]9)
o A=+ F7]+=3.249 AZE CoGe BH galvanic
cell©] AT} FIBh w2 22459l

Galvanic cell 7} %5h= £2] #0]+=0.3 cm= 97
SHA| A1 = A2 wfl, CoGe Bt 7|52 galvanic cell 9]
of Y| shHlAy 54 19 6(a)2t 6(b)ofl A 2Helst
= ol kel yulof| vlg|ste P = B 2
ojti7} o= A= o] e] Yu|oA = 2otE = B
Holdl. o]=3.14, 3.2 9] Anpe} upzhrix| &, vhat
o] Yu|7} F7kete] wet E3ke] A= w2lo] F7tst]
ool ekl & 4 Qlek SHANE A 7] o)4ke] uH]

=
=

oltage (mV)

=-20

v

-30 —l— w=1 mm—@—w=2 mm

w=4 mm
(== nw=8 mm w=16 mm
0.0 0.3 0.6 0.9 1.2 1.5 1.8
(a} Time (x10" sec)
25 %
20
=
g
|§ 15
@

10 %

0 2 4 6 8 10 12 14 16
(b} w{mmy)

Fig. 6 (a) Open-circuit voltage of CoGe thin film-based

galvanic cell as a function of the width (w) and (b) the

increasing tendency of the rms value of open-circuit
voltage according to the width.
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ofl A 7N 3= Hete] A7)7) 2ot = A Hole
AL ko] 4% WHjo] Frleheiek, Aol Ynlet
dol= dAsH] wiZoll, celloflA] AT 4= =
galvanic effect= A|3t%]7] W&l Ao g Hlc) wlz}
A, 3.1, 32, 183 33F9] AWZEE F&ZQ
galvanic cell-2 A|2F517] fJsfiA= Z3H9] A= A4
23 A 4 7] Ago] vl FRakhs A}

o < gl

2
o

o &
e

3.4, M29| L4d|o]| }= galvanic cell EA
R, 19 7oA = In/Ag/In =10 |H] (we)ofl w2
CoGe {4} 7|4t galvanic cell&] o ] S| A8 5/d ]
A E e} Q=g o] w] cell®] Z7]%= 4] 16 mm, Z o]
7 mm 9, 2] 0] 0.6 cmz AT Alof3lH L
o] Zo] Zo] (le)= 7 mm=Z LA 31T L n|=
2,4, 8 mm7} == A&t 19 7(a)2F 7(b)oll A
, A=) yn7E S7keE, galvanic
cell o] 7 3] 2 AR st} 23be] AeES 1
Qlch 0]i=3.2,3.34 9 ANz RE F2d 5 Ql=t, =

313 4= glol

T —E—w=2 mm
10 —&—w=4mm
w=8 mm
Z-20 “o\ﬂ\
E -~
£
= -30
=
-40
-50
00 03 06 09 12 15 18
(a) Time (x10* sec)
35
30
=125
I
20 {
15

2 4 6 8
(b) W, (mm)
Fig. 7 (a) Open-circuit voltage of CoGe thin film-based
galvanic cell as a function of the electrode width (we)
and (b) the decreasing tendency of the rms value of
open-circuit voltage according to the electrode width.

7ol =] v, & A= o7t Skl wet AR
g2 o] Hashz ol A= ol 7ol whet
axke] #gpo] FhAashy| el Ao R Holu, o]
59 wol7t t% wofrlol whe fhas Fo] Soj=s
o] 22} A§o] 7hadty} E Ao, galvanic effect)]
bl WA o] Z718)7] R o g Helrk

35, 27| E2l=0} ZHM x2|o| [} galvanic cell 4

31804 3484 thFojZl CoGe B} 7|4HHo]
galvanic cell-& W7 A 2HE Sof AAj]of -2 $4e
(post-treatment) & AX|A] g2 LA}Eo|th olgh
galvanic cell®] ¥H-E F7] Zt=ut 2 A (air
plasma surface treatment) AH| S o]-&35}o] T H 22| =
g Fof, o] 59] EAS S E =, 1 Ak 1
d 83} At} ¥7] Eet=nt 9
power) =7 A] oF [ ol A 22 =
cello] =7] 9 &4 20& O9 49 54 =103 5
s, 17 8(a)et 17 8(b)ZH-E 37| Eek=-uk Y
22 CoGe B4} galvanic cell2] 7|H &2 A¢o] &

Y—u—— . g
! N—.—'ﬂ—g_._'*
=02
§l, —&— /i=0.5 cm
=2 -0.3 | —8—/1=0.7 cm
- | h=0.9 cm
-0.4 | ——i=1.1cm
#=1.3 em
-0.5 h
\“' Y Y T
0.6 +— T r T T T T
0.0 0.3 0.6 0.9 1.2 L5 1.8
(a) Time (x10” sec)

04
=03
N
0.2
]
0.1
L]
0.0
0.5 0.7 0.9 1.1 1.3
(b) Ir {cm)

Fig. 8 (a) Open-circuit voltage of air plasma-treated CoGe
thin film-based galvanic cell as a function of the water
height (h) and (b) the increasing tendency of the rms

value of open-circuit voltage according to the water height.

1352



oot 24 o)A B 21 e A7k A0z WAy
STk A BRI 4 9tk oleldt Aab Sehzn}

Z2lo) &l CoGe vl2te] ¥ A2 7] (roughness)7}
S7ksto] 22H9] HE W Aol A MErh F7H7] uf
oz 22} ]9} tEo], CoGe HFate] T Al
7} Eet=ut A Arch 25 ¢ 244 (hydrophilic)
& 717 ck= A E 3} galvanic cell2] 9|1 7] 31| A8 E
3 el 7]olgrkaL =& Fch

IV, CoGe Hiat 7[HI9] galvanic cellO| S&HEl
AECIEH MM HERTC| 715 U S&

4.1, AERIEHA MM HIEERT 75

CoGe B} 714919] galvanic cell-& & & 4] AlA
2 ggsto], AATE FA FAE B & HS o RE
gelsh= AFECIEY Aﬂ/q YE9aL olFolw
(Arduiono Uno R3)&} 741 4441 & (nRF24L01, 2.4
GHz) 21213 2378 (PO) 2 -5 H JUeh A4 HIEQ A
T A 1] arskgich

Arduino power up

- Print("Water
Serial No -
- contact is not
communication Input 2 Ref. ? —
detected from
starts

sensor #);

Print("Low-level
water contact is
detected from

Print("Transmitter
#is connected to

main PC."); sensor #);
Turn on Print("MiddIe-Ie_veI
N . > water contactis | |
ransceiver detected from
module

sensor #);

Print("High-level
water contact is
detected from
sensor #);

Tadio. WITTe[&IexXt);
radio.write(&trans_n|

0); j—
radio.write(&Analog

);

Print(" Transmitter
#is off now.");

Fig. 9 Work flow with a pseudo code of a transmitter
node combined with a CoGe thin film-based galvanic cell.

CoGe t}2} 7|8t galvanic celle] EA 2 |oT MM HIE 30| st M2
19 9= $A1 1 & (transmitter node) Q] 52+ &l ]
=5 &= FE (pseudo code) = 7Hets| YeRJ AL Qlct
$41 1B ofRol 1o} ofo] AEH Al B, ¢
8 A Aol w41 ko] ohdm e 4l
35 B CoGe vl 7|4E9] galvanic cell2 LA E ).
o}o] it USBE Q12 7752} 412 4] (serial
communication)2 5} = % 3} t}
$4135E #4 Bclol ddn
Y] A $44 7 o 2
Lgo| Atz AR A] ol 741 —’8—?’80] =7

o A 224 BEo] AL A Edit) 204
o] AZo] ERIEH, opdE T Yol A2 H galvanic
cell 2R E] S = ol d R AS (F, ANY I =2 AY

£ obFolrt A, AAE obdR A e AVE
reference 7] 2} W15}k, 71 7] of wheh 2] gt wA|
A& 4] I E (receiver node) o] F-A1 02 £A151= 5
ZFe /\l/\]7]—0 2 HhEsic)
A 2o =2k ok 1] EFF Al EQ) u}x}ﬂ
]i I8 109 gple A=} A AAE o] ek 424
LoE & 45 A wet S ke RE g ﬂﬂ

Arduino power up

Serial
communication
starts

Pprint("Master
receiver is
connected to
main PC.");

Turn on
transceiver
module as a

receiver

[ radio.read(&text); |
radio.read(&trans_n

Radio
available ?

o);
radio.read(&Analog_|

y
Print("Message
from transmitter
#:);
Print(text);

]

Pprint("Master
— receiver is off
now.");

Fig. 10 Work flow with a pseudo code of a receiver
node.
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AMAE 4L o8 AATEe R e eh Al d FAlst
[e)

529 whe g,
A o] 9Z2% CoGe HHat 7]4E0] galvanic cell
9] F7)= 1x2 em?® o] AZE] Ho]= 027 cm’E, 1%

49 Axtof| A AHEH galvanic cell T} 53 Z o] AFLE]
Atk =9 Eol= 1Ll em7} H =5 51¢l 0, o] uff ALg-
=] 59 Hul= oF 1.2 mIit} Galvanic cell®] F A=+2
offFo|kd] ofg®E T QY AT @R} HA| 'Rt
(ground)oll 213 A48t om, FAl ==Lt Al ==
ok ZF ofFolle =9 V UAAERE HYE &
Hoith A1 =Eof o] S0l 11, Alg| Y FAIE
TFEIC Aol HERE W] viAA= 1™ 113 2
AlEd 2UE O] HAIAE AAEe = gH L] of gl
71wl Al2]d A A& MS word TY R HrE g A
Zystod, ZL AR E A sto] 21 1] YRl ATk of
Z] CoGe B9} 7|59 galvanic cellof] &2 &3] &
2 Zefolct. ufakA, FAl e Eof|A ATz oFd R
AT= 0 VIS gl 4= glom, 2379] JFo] A
A eFdthe HIAIA] g gRlek 4= Qlek (17 11(a)).
ofof whe}, FAl k=EoflA] £Al B2 F HFo] FAIH
A GQhth= HIAAE F4l, o] 2 Q18] 24l i =0 Al
A HAR o= & o] FAEA gdthe HAIAE
Shelg = glom (Z1F 11(b)), shoflA] wA A1 S Hd

o ol

i)

(a) Transmitter node

The sensor of transmitter #1: 0.00 V

Water contact is not deteced from sensor #1 of transmitter #1

Trasmitter #1 does not send the detect of water contact to the master receiver.

Time since transmitter #1 is turned on: 1.38 seconds

(b) Receiver node

Message from transmitter #1: No Water contact is detected

The sensed voltage from S #1: 0.00 V

Time since the master receiver is turned on: 1.57 seconds

0.00

Fig. 11 Serial communication messages from (a) transmitter
node and (b) receiver node before contact between
water and CoGe thin film-based galvanic cell occurs.

Sl k= WE, ¥ FAE ofdR A3,
galvanic cell 9] 7R} 8= 9o 091 21 &g -
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Ayl ket 4, 54 o] Ale]ed ol AlAE 1Y 129}
2t} CoGe B9} 7|HES] galvanic cello] &1} HZ5]o]
AR AA9Ee] A7]= 9F0.05 VRl Ao= HAlth o=
reference (Ref.) = A3t 0.1 Vof H|f| 2t 22 9] %41
Lo B2 ¢4 E|ES 1183 & u), low-level water
contactZ}iL & 5= Tk F4l l=0] Al w| A A of| A
low-level water contact”} 1A= Y th= HA XS &1
g 5= Q=g (O3E 12(a), $4] lm=+ low-level water
contact”} FHAYFTHE AME 4l ko] AEstalal,
YT Y8 HARIE Al ER FAIR 7
12(b)of| A FAlERRE FAE AR A2 &2
Yo =3 4l k=9 AR S Sele 4= 3lom,
I e $al E0] AR wiAIR] 2} 5 dstte A
= ZQlg = qlok =3 9 1A iRy 2 & A5
of Lol thgt HIAJA S Bl FAl le=0] ME o} A
A152] 371 ¢F0.05~0.06 VE &213k 4= Qlth

(a) Transmitter node

Rl %0 N

The sensor of transmitter #1: 0.05 V.

Low-level water contact is detected from sensor #1 of transmitter #1

Trasmitter #1 sends the detect of the low-level water contact to the master receiver.

Time since transmitter #1 is turned on: 11.89 seconds

(b) Receiver node

Message from transmitter #1: Low-level water contact is detected.

The sensed voltage from S #1: 0.05 V

Time since the master receiver is turned on: 11.94 seconds

0.06

Fig. 12 Serial communication messages from (a)
transmitter node and (b) receiver node directly after
contact between water and CoGe thin film-based galvanic
cell occurs at about 12 seconds.

CoGe ¥4} 7|Ht2] galvanic cellZ} E2] &2 9F 20
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9He] galvanic cell AHERIE Yl AlA M EQFE v]&
7 ofe] AN WIES1E TEekE AP AN A
89 2 9l P54 & TIsteLon], 7120 of e ol
2] shH|AF Axfol| H]g] ZTSHAE I H o R &

4% 5 e A0 R st

M
oSt R

(a) Transmitter node

The sensor of transmitter #1: 0.07 V/

Low-level water contact is detected from sensor #1 of transmitter #1

Trasmitter #1 sends the detect of the low-level water contact to the master receiver.

Time since transmitter #1 is turned on: 1199.73 seconds

(b) Receiver node

Message from transmitter #1: Low-level water contact is detected.

The sensed voltage from S #1: 0.07 V

Time since the master receiver is tured on: 1200.60 seconds

Fig. 13 Serial communication messages from (a)
transmitter node and (b) receiver node directly after
contact between water and CoGe thin film-based
galvanic cell occurs after 20 mins.
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