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Abstract

This research presents the design and development of a measurement cell for liquid samples,
integrated with an optimized electrode system for electrical property characterizations using a
Precision LCR Meter. The cell was designed with emphasis on user convenience and ease of cleaning.
The measurements encompassed fundamental electrical parameters including resistance,
capacitance, and complex impedance. The electrode system performance was evaluated by
measuring the electrical properties of deionized (DI) water and NaCl solutions at concentrations of
0.001, 0.01, 0.05, and 0.5 M across a frequency range of 20 Hz to 2 MHz using a Keysight Precision
LCR Meter (Model E4980A). The experimental results demonstrated that DI water exhibited the
highest resistance, while the 0.5 M NaCl solution showed the lowest resistance. For capacitance
measurements, DI water displayed the lowest values, whereas the 0.5 M NaCl solution exhibited
the highest capacitance. Complex impedance analysis through Nyquist plots revealed that DI water
demonstrated higher impedance compared to the 0.5 M NaCl solution, consistent with its lower ionic
content. The developed measurement system successfully differentiated between samples with
varying ionic concentrations, validating its effectiveness for electrical characterization of liquid

samples.

Keywords: resistance, capacitance, complex impedance.
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2.1 ﬂfaﬁmﬁmﬁ'um"ém LCR Meter f?'lwa Keysight ‘éu E4980A

EA980A/AL Aa LCR Meter ﬁaﬂmmmﬂ'ﬂ LCR component, materials, Lag semiconductor devices
Tnei
® E4980A 1{u LCR ansassangremnuildenildde 20 Hz fs 2 MHz
Fe5u E4980AL anunsndmnsnaufianngu 032 Wusu 052 wagdmnsaduiu 102 16 Tuaends uag
$u E4980AL lslanansau3uifusu E4980A 16 us E4980A Teeududuiiunnniy wwu Current bias, High
speed measurement LLﬁsSuﬂ
\r3asinesn GPIB, LAN, USB émsulieusonaufiamnes wazsessunsiuiinteyaniu USB flash drive
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e
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® Cp-D, Cp-Q, Cp-G, Cp-Rp
® (Cs-D, Cs-Q, Cs-Rs
® | p-D, Lp-Q, Lp-G, Lp-Rp, Lp-Rdcl
® | s-D, Ls-Q, Ls-Rs, Ls-Rdc1l
® R-X
® 7-0d, z-Or
® G-B
® v-0d, Y-Or

Afleuvesiiveiusazainusznau

Cp Capacitance value measured with parallel-equivalent circuit model
Cs  Capacitance value measured with series-equivalent circuit model
Lp  Inductance value measured with parallel-equivalent circuit model
Ls  Inductance value measured with series-equivalent circuit model

D Dissipation factor

Q  Quality factor (inverse of D)



G Equivalent parallel conductance measured with parallel-equivalent circuit model
Rp Equivalent parallel resistance measured with parallel-equivalent circuit model

Rs Equivalent series resistance measured with series-equivalent circuit model

Rdc Direct-current resistance

R Resistance

X Reactance

Z Impedance

Y Admittance

Bd Phase angle of impedance/admittance (degree)

Br Phase angle of impedance/admittance (radian)
B Susceptance
Vdc Direct-current voltage

Idc Direct-current electricityVdc-ldc1

8.Preset Key 9.Trigger Key 7.LED Indicator

10.DC Bias Key 5.Cursor Key
11.DC Source Key 6.Entry Key

13.Front USB Port
3.Soft Key L

1.Power switch |

4.Menu Key

15.DC Source Terminal .
2.LCD Display 12.UnKNOWN Terminal

14.Frame Terminal

JUN 2.1 uanainasuazuilandusingg

[

vifives Ui uay gniasing 9 ddsil

1. Power switch Tdmsunis Ua-1Ua 1309 E4980A/AL Wialtaasaainviaztiudiden unanlainias

a 6 I =
GRIAEIRIGITEEN

2. LCD lfdmsuuaninansinlazainig 9idesnisvagaeu



3. Softkeys lgdmsuidaninAusazalasuias ity lnausay Softkeys ail Label Us1ngau
4. Menu keys Us Menu flddmiudnlusuandesnisldlunisasunu dail

[Display Format] key Displays measurement results and selections.

[Meas Setup] key Sets measurement conditions, a correction function, and limit values for BIN

sorting.
[Recall A] key Recalls the setting information on internal memory 0.
[Recall B] key Recalls the setting information on internal memory 1.

[Save/Recall] key Saves and recalls the setting information. Saves measurement results and

screen images.

[System] key Sets the system. Sets the GP-IB interface and LAN. Performs a self-test.
[Local/Lock] key Locks and unlocks hard keys and softkeys on the front panel. Cancels remote

control with GPIB commands.

5. Cursor keys M@ msuidausums Cursor WUgssumisiidosnisudl

6. Entry keys Tgdmsuldadaiavasly E4980A/AL

7. LED indicator 1Ju LED wansanuziile DC bias on

8. Preset key nawfialddn Default

9. Trigger key laid@wsu Trigger oAy Manual Trigger

10. DC Bias key ld15u On w30 Off DC Bias

11. DC Source key Tgd1m3u On %38 Off DC Source

12. UNKNOWN terminals Ti@ausiaany Test fixture Lilelifugunsainaaeu

13. Front USB port 14 SAVE Data adlu USB Memory
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500,000 Hz azdiaanugliitanasuazdaunnaneiy wazidennudeyglugie 500,000-2MHz Al
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