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  Measurement of the Impedance of Dummy Cell Equivalent Circuit

 Abstract 

 The measurement of the impedance of dummy cell equivalent circuit is undertaken, using potentiostat , galvanostat and lock- in amplifier. 

Introduction 

  Dummy cell module is a simulation of internal structure of thin film battery with two metal current collectors and electrolyte (MEM) as shown is figure 1.    
R1 is contact resistor, C is geometric capacitor, R2 is resistivity of electrolyte to ion.  
     Z = Zre +. Zimgj
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2 . Experimental 
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The parameters input in computer are :

VAC (rms)=20 (v )

VDC = 0 (v)

f changed from 1Hz to 1(105 Hz with 5 intervals in each decade. 

  
3.Analysis and result

     When f is very large, Zre ( R1.

     When f is very small, Zre ( R1+. R2
In the Zrel vs. Zimg graph, the two intercepts represent R1 (left one),  R1+. R2
 (right one) respectively.  

R1=10.03 (
R1+. R2=100.9 (
So:
R2=100.87 (  

 Choose a point on Zrel vs. f graph ( 10.9, 158).
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So C=0.000107(F
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Figure. 1  Measurement of the impedance of dummy cell equivalent circuit
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Figure. 2 The data of measurement of the impedance of dummy cell equivalent circuit
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DUMCEL01

		PN  Model 398 Electrochemical Impedance Software

		FV  1.02

		EXT SS Single sine EIS Z(f)

		DAT ASCII

		PID ID 263

		PID VER 104

		PID OPTION 90 000000106BFC0064 00000010623E0064 000000106A4A0064

		AID ID 5210

		AID VER 29104

		AID SFVER -30

		FLS NORMAL

		DR  02-18-02

		TR  12:10:05

		LBT																						R1		R2		Z re		f		C

		LBX																						10.03		100.87		10.9		1.58E+02		0.0001071178

		LBY

		LBU NO

		LBZ NO

		OC   0.000

		CO

		IF  100.0E3 Hz

		FF  1.000 Hz

		PD  5

		CP  pass V

		CT  pass s

		AC  20.00 mV rms

		DC  0.0000 V

		AR  1.000 cm^2

		CR  Auto

		DQ  4

		ID  pass s

		ET  pass s

		PS  Log

		MD  pass cycs or pass s

		WE  Solid

		RE  0.0000 User V

		NP  26

		END

		1.00E+00		1.10E+02		-6.52E+00		6.52E+00		2.83E-02		0.00E+00		2.57E-01		8.02E-03		0.00E+00		3.91E-05		718		1.00E+00		3		-3		73		0

		1.58E+00		1.09E+02		-1.03E+01		1.03E+01		2.83E-02		0.00E+00		2.57E-01		1.38E-02		0.00E+00		3.91E-05		666		1.00E+00		3		-3		73		0

		2.51E+00		1.08E+02		-1.61E+01		1.61E+01		2.83E-02		0.00E+00		2.59E-01		2.13E-02		0.00E+00		4.08E-05		617		1.00E+00		3		-3		73		0

		3.98E+00		1.04E+02		-2.45E+01		2.45E+01		2.83E-02		0.00E+00		2.62E-01		3.37E-02		0.00E+00		4.06E-05		567		1.00E+00		3		-3		73		0

		6.31E+00		9.59E+01		-3.55E+01		3.55E+01		2.83E-02		0.00E+00		2.72E-01		5.18E-02		0.00E+00		4.05E-05		519		1.00E+00		3		-3		73		0

		1.00E+01		8.06E+01		-4.63E+01		4.63E+01		2.83E-02		0.00E+00		2.94E-01		7.83E-02		0.00E+00		4.24E-05		469		1.00E+00		3		-3		73		0

		1.58E+01		5.76E+01		-5.00E+01		5.00E+01		-2.00E-02		-5.95E-04		-1.93E-03		-1.78E-03		8.00E-04		0.00E+00		403		1.00E+00		0		-1		0		0

		2.51E+01		3.58E+01		-4.38E+01		4.38E+01		-1.99E-02		-4.83E-04		-2.17E-03		-2.78E-03		1.31E-03		0.00E+00		346		1.00E+00		0		-1		0		0

		3.98E+01		2.23E+01		-3.29E+01		3.29E+01		-1.99E-02		-2.66E-04		-2.77E-03		-4.19E-03		7.40E-04		0.00E+00		319		1.00E+00		0		-1		0		0

		6.31E+01		1.53E+01		-2.25E+01		2.25E+01		-1.96E-02		-6.95E-05		-4.03E-03		-5.95E-03		8.50E-04		0.00E+00		296		1.00E+00		0		-1		0		0

		1.00E+02		1.22E+01		-1.47E+01		1.47E+01		-2.04E-02		1.06E-03		-7.25E-03		-7.87E-03		9.70E-04		0.00E+00		271		1.00E+00		0		-1		0		0

		1.58E+02		1.09E+01		-9.43E+00		9.43E+00		-1.98E-02		-4.61E-04		-1.02E-02		-9.21E-03		9.10E-04		0.00E+00		256		1.00E+00		0		-1		0		0

		2.51E+02		1.04E+01		-5.88E+00		5.88E+00		-2.00E-02		-4.96E-04		-1.44E-02		-8.64E-03		8.70E-04		0.00E+00		241		1.00E+00		0		-1		0		0

		3.98E+02		1.02E+01		-3.74E+00		3.74E+00		-1.99E-02		-3.40E-04		-1.71E-02		-6.62E-03		9.30E-04		0.00E+00		227		1.00E+00		0		-1		0		0

		6.31E+02		1.01E+01		-2.37E+00		2.37E+00		-1.99E-02		-1.60E-04		-1.87E-02		-4.52E-03		1.00E-03		0.00E+00		213		1.00E+00		0		-1		0		0

		1.00E+03		1.01E+01		-1.49E+00		1.49E+00		-1.98E-02		2.21E-03		-1.96E-02		-6.69E-04		1.00E-03		0.00E+00		199		1.00E+00		0		-1		0		0

		1.58E+03		1.00E+01		-9.27E-01		9.27E-01		-2.00E-02		5.41E-04		-1.98E-02		-1.22E-03		1.00E-03		0.00E+00		184		1.00E+00		0		-1		0		0

		2.51E+03		1.00E+01		-5.55E-01		5.55E-01		-2.01E-02		1.71E-03		-2.00E-02		7.05E-04		1.00E-03		0.00E+00		170		1.00E+00		0		-1		0		0

		3.98E+03		1.00E+01		-3.10E-01		3.10E-01		-2.00E-02		2.72E-03		-2.00E-02		2.26E-03		1.00E-03		0.00E+00		156		1.00E+00		0		-1		0		0

		6.31E+03		1.00E+01		-1.30E-01		1.30E-01		-1.95E-02		5.11E-03		-1.95E-02		5.10E-03		1.00E-03		0.00E+00		142		1.00E+00		0		-1		0		0

		1.00E+04		1.00E+01		-2.89E-02		2.89E-02		-2.03E-02		7.10E-03		-2.01E-02		7.57E-03		1.00E-03		0.00E+00		128		1.00E+00		0		-1		0		0

		1.58E+04		9.99E+00		-1.85E-01		1.85E-01		-1.87E-02		1.26E-02		-1.81E-02		1.36E-02		1.00E-03		0.00E+00		114		1.00E+00		0		-1		0		0

		2.51E+04		9.94E+00		-4.11E-01		4.11E-01		-1.58E-02		2.02E-02		-1.39E-02		2.17E-02		1.00E-03		0.00E+00		99		1.00E+00		0		-1		0		0

		3.98E+04		9.87E+00		-7.15E-01		7.15E-01		-7.12E-03		2.75E-02		-2.79E-03		2.85E-02		1.21E-03		0.00E+00		85		1.00E+00		0		-1		0		0

		6.31E+04		9.65E+00		-1.17E+00		1.17E+00		8.70E-03		2.98E-02		1.62E-02		2.72E-02		1.29E-03		0.00E+00		71		1.00E+00		0		-1		0		0

		1.00E+05		9.12E+00		-1.74E+00		1.74E+00		4.34E-03		3.15E-03		5.50E-03		1.31E-03		1.00E-03		0.00E+00		29		1.00E+00		0		-1		0		0
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DUMCEL01

		PN  Model 398 Electrochemical Impedance Software

		FV  1.02

		EXT SS Single sine EIS Z(f)

		DAT ASCII

		PID ID 263

		PID VER 104

		PID OPTION 90 000000106BFC0064 00000010623E0064 000000106A4A0064

		AID ID 5210

		AID VER 29104

		AID SFVER -30

		FLS NORMAL

		DR  02-18-02

		TR  12:10:05

		LBT																						R1		R2		Z re		f		C

		LBX																						10.03		100.87		10.9		1.58E+02		0.0001071178

		LBY

		LBU NO

		LBZ NO

		OC   0.000

		CO

		IF  100.0E3 Hz

		FF  1.000 Hz

		PD  5

		CP  pass V

		CT  pass s

		AC  20.00 mV rms

		DC  0.0000 V

		AR  1.000 cm^2

		CR  Auto

		DQ  4

		ID  pass s

		ET  pass s

		PS  Log

		MD  pass cycs or pass s

		WE  Solid

		RE  0.0000 User V

		NP  26

		END

		1.00E+00		1.10E+02		-6.52E+00		6.52E+00		2.83E-02		0.00E+00		2.57E-01		8.02E-03		0.00E+00		3.91E-05		718		1.00E+00		3		-3		73		0

		1.58E+00		1.09E+02		-1.03E+01		1.03E+01		2.83E-02		0.00E+00		2.57E-01		1.38E-02		0.00E+00		3.91E-05		666		1.00E+00		3		-3		73		0

		2.51E+00		1.08E+02		-1.61E+01		1.61E+01		2.83E-02		0.00E+00		2.59E-01		2.13E-02		0.00E+00		4.08E-05		617		1.00E+00		3		-3		73		0

		3.98E+00		1.04E+02		-2.45E+01		2.45E+01		2.83E-02		0.00E+00		2.62E-01		3.37E-02		0.00E+00		4.06E-05		567		1.00E+00		3		-3		73		0

		6.31E+00		9.59E+01		-3.55E+01		3.55E+01		2.83E-02		0.00E+00		2.72E-01		5.18E-02		0.00E+00		4.05E-05		519		1.00E+00		3		-3		73		0

		1.00E+01		8.06E+01		-4.63E+01		4.63E+01		2.83E-02		0.00E+00		2.94E-01		7.83E-02		0.00E+00		4.24E-05		469		1.00E+00		3		-3		73		0

		1.58E+01		5.76E+01		-5.00E+01		5.00E+01		-2.00E-02		-5.95E-04		-1.93E-03		-1.78E-03		8.00E-04		0.00E+00		403		1.00E+00		0		-1		0		0

		2.51E+01		3.58E+01		-4.38E+01		4.38E+01		-1.99E-02		-4.83E-04		-2.17E-03		-2.78E-03		1.31E-03		0.00E+00		346		1.00E+00		0		-1		0		0

		3.98E+01		2.23E+01		-3.29E+01		3.29E+01		-1.99E-02		-2.66E-04		-2.77E-03		-4.19E-03		7.40E-04		0.00E+00		319		1.00E+00		0		-1		0		0

		6.31E+01		1.53E+01		-2.25E+01		2.25E+01		-1.96E-02		-6.95E-05		-4.03E-03		-5.95E-03		8.50E-04		0.00E+00		296		1.00E+00		0		-1		0		0

		1.00E+02		1.22E+01		-1.47E+01		1.47E+01		-2.04E-02		1.06E-03		-7.25E-03		-7.87E-03		9.70E-04		0.00E+00		271		1.00E+00		0		-1		0		0

		1.58E+02		1.09E+01		-9.43E+00		9.43E+00		-1.98E-02		-4.61E-04		-1.02E-02		-9.21E-03		9.10E-04		0.00E+00		256		1.00E+00		0		-1		0		0

		2.51E+02		1.04E+01		-5.88E+00		5.88E+00		-2.00E-02		-4.96E-04		-1.44E-02		-8.64E-03		8.70E-04		0.00E+00		241		1.00E+00		0		-1		0		0

		3.98E+02		1.02E+01		-3.74E+00		3.74E+00		-1.99E-02		-3.40E-04		-1.71E-02		-6.62E-03		9.30E-04		0.00E+00		227		1.00E+00		0		-1		0		0

		6.31E+02		1.01E+01		-2.37E+00		2.37E+00		-1.99E-02		-1.60E-04		-1.87E-02		-4.52E-03		1.00E-03		0.00E+00		213		1.00E+00		0		-1		0		0

		1.00E+03		1.01E+01		-1.49E+00		1.49E+00		-1.98E-02		2.21E-03		-1.96E-02		-6.69E-04		1.00E-03		0.00E+00		199		1.00E+00		0		-1		0		0

		1.58E+03		1.00E+01		-9.27E-01		9.27E-01		-2.00E-02		5.41E-04		-1.98E-02		-1.22E-03		1.00E-03		0.00E+00		184		1.00E+00		0		-1		0		0

		2.51E+03		1.00E+01		-5.55E-01		5.55E-01		-2.01E-02		1.71E-03		-2.00E-02		7.05E-04		1.00E-03		0.00E+00		170		1.00E+00		0		-1		0		0

		3.98E+03		1.00E+01		-3.10E-01		3.10E-01		-2.00E-02		2.72E-03		-2.00E-02		2.26E-03		1.00E-03		0.00E+00		156		1.00E+00		0		-1		0		0

		6.31E+03		1.00E+01		-1.30E-01		1.30E-01		-1.95E-02		5.11E-03		-1.95E-02		5.10E-03		1.00E-03		0.00E+00		142		1.00E+00		0		-1		0		0

		1.00E+04		1.00E+01		-2.89E-02		2.89E-02		-2.03E-02		7.10E-03		-2.01E-02		7.57E-03		1.00E-03		0.00E+00		128		1.00E+00		0		-1		0		0

		1.58E+04		9.99E+00		-1.85E-01		1.85E-01		-1.87E-02		1.26E-02		-1.81E-02		1.36E-02		1.00E-03		0.00E+00		114		1.00E+00		0		-1		0		0

		2.51E+04		9.94E+00		-4.11E-01		4.11E-01		-1.58E-02		2.02E-02		-1.39E-02		2.17E-02		1.00E-03		0.00E+00		99		1.00E+00		0		-1		0		0

		3.98E+04		9.87E+00		-7.15E-01		7.15E-01		-7.12E-03		2.75E-02		-2.79E-03		2.85E-02		1.21E-03		0.00E+00		85		1.00E+00		0		-1		0		0

		6.31E+04		9.65E+00		-1.17E+00		1.17E+00		8.70E-03		2.98E-02		1.62E-02		2.72E-02		1.29E-03		0.00E+00		71		1.00E+00		0		-1		0		0

		1.00E+05		9.12E+00		-1.74E+00		1.74E+00		4.34E-03		3.15E-03		5.50E-03		1.31E-03		1.00E-03		0.00E+00		29		1.00E+00		0		-1		0		0
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frequency (Hz)

Z real (ohm)

109.95

109.31

107.75

104.04

95.888

80.565

57.551

35.846

22.346

15.342

12.209

10.915

10.374

10.173

10.09

10.06

10.044

10.036

10.033

10.025

10.014

9.9895

9.9448

9.8695

9.6544

9.1221



DUMCEL01

		PN  Model 398 Electrochemical Impedance Software

		FV  1.02

		EXT SS Single sine EIS Z(f)

		DAT ASCII

		PID ID 263

		PID VER 104

		PID OPTION 90 000000106BFC0064 00000010623E0064 000000106A4A0064

		AID ID 5210

		AID VER 29104

		AID SFVER -30

		FLS NORMAL

		DR  02-18-02

		TR  12:10:05

		LBT																						R1		R2		Z re		f		C

		LBX																						10.03		100.87		10.9		1.58E+02		0.0001071178

		LBY

		LBU NO

		LBZ NO

		OC   0.000

		CO

		IF  100.0E3 Hz

		FF  1.000 Hz

		PD  5

		CP  pass V

		CT  pass s

		AC  20.00 mV rms

		DC  0.0000 V

		AR  1.000 cm^2

		CR  Auto

		DQ  4

		ID  pass s

		ET  pass s

		PS  Log

		MD  pass cycs or pass s

		WE  Solid

		RE  0.0000 User V

		NP  26

		END

		1.00E+00		1.10E+02		-6.52E+00		6.52E+00		2.83E-02		0.00E+00		2.57E-01		8.02E-03		0.00E+00		3.91E-05		718		1.00E+00		3		-3		73		0

		1.58E+00		1.09E+02		-1.03E+01		1.03E+01		2.83E-02		0.00E+00		2.57E-01		1.38E-02		0.00E+00		3.91E-05		666		1.00E+00		3		-3		73		0

		2.51E+00		1.08E+02		-1.61E+01		1.61E+01		2.83E-02		0.00E+00		2.59E-01		2.13E-02		0.00E+00		4.08E-05		617		1.00E+00		3		-3		73		0

		3.98E+00		1.04E+02		-2.45E+01		2.45E+01		2.83E-02		0.00E+00		2.62E-01		3.37E-02		0.00E+00		4.06E-05		567		1.00E+00		3		-3		73		0

		6.31E+00		9.59E+01		-3.55E+01		3.55E+01		2.83E-02		0.00E+00		2.72E-01		5.18E-02		0.00E+00		4.05E-05		519		1.00E+00		3		-3		73		0

		1.00E+01		8.06E+01		-4.63E+01		4.63E+01		2.83E-02		0.00E+00		2.94E-01		7.83E-02		0.00E+00		4.24E-05		469		1.00E+00		3		-3		73		0

		1.58E+01		5.76E+01		-5.00E+01		5.00E+01		-2.00E-02		-5.95E-04		-1.93E-03		-1.78E-03		8.00E-04		0.00E+00		403		1.00E+00		0		-1		0		0

		2.51E+01		3.58E+01		-4.38E+01		4.38E+01		-1.99E-02		-4.83E-04		-2.17E-03		-2.78E-03		1.31E-03		0.00E+00		346		1.00E+00		0		-1		0		0

		3.98E+01		2.23E+01		-3.29E+01		3.29E+01		-1.99E-02		-2.66E-04		-2.77E-03		-4.19E-03		7.40E-04		0.00E+00		319		1.00E+00		0		-1		0		0

		6.31E+01		1.53E+01		-2.25E+01		2.25E+01		-1.96E-02		-6.95E-05		-4.03E-03		-5.95E-03		8.50E-04		0.00E+00		296		1.00E+00		0		-1		0		0

		1.00E+02		1.22E+01		-1.47E+01		1.47E+01		-2.04E-02		1.06E-03		-7.25E-03		-7.87E-03		9.70E-04		0.00E+00		271		1.00E+00		0		-1		0		0

		1.58E+02		1.09E+01		-9.43E+00		9.43E+00		-1.98E-02		-4.61E-04		-1.02E-02		-9.21E-03		9.10E-04		0.00E+00		256		1.00E+00		0		-1		0		0

		2.51E+02		1.04E+01		-5.88E+00		5.88E+00		-2.00E-02		-4.96E-04		-1.44E-02		-8.64E-03		8.70E-04		0.00E+00		241		1.00E+00		0		-1		0		0

		3.98E+02		1.02E+01		-3.74E+00		3.74E+00		-1.99E-02		-3.40E-04		-1.71E-02		-6.62E-03		9.30E-04		0.00E+00		227		1.00E+00		0		-1		0		0

		6.31E+02		1.01E+01		-2.37E+00		2.37E+00		-1.99E-02		-1.60E-04		-1.87E-02		-4.52E-03		1.00E-03		0.00E+00		213		1.00E+00		0		-1		0		0

		1.00E+03		1.01E+01		-1.49E+00		1.49E+00		-1.98E-02		2.21E-03		-1.96E-02		-6.69E-04		1.00E-03		0.00E+00		199		1.00E+00		0		-1		0		0

		1.58E+03		1.00E+01		-9.27E-01		9.27E-01		-2.00E-02		5.41E-04		-1.98E-02		-1.22E-03		1.00E-03		0.00E+00		184		1.00E+00		0		-1		0		0

		2.51E+03		1.00E+01		-5.55E-01		5.55E-01		-2.01E-02		1.71E-03		-2.00E-02		7.05E-04		1.00E-03		0.00E+00		170		1.00E+00		0		-1		0		0

		3.98E+03		1.00E+01		-3.10E-01		3.10E-01		-2.00E-02		2.72E-03		-2.00E-02		2.26E-03		1.00E-03		0.00E+00		156		1.00E+00		0		-1		0		0

		6.31E+03		1.00E+01		-1.30E-01		1.30E-01		-1.95E-02		5.11E-03		-1.95E-02		5.10E-03		1.00E-03		0.00E+00		142		1.00E+00		0		-1		0		0

		1.00E+04		1.00E+01		-2.89E-02		2.89E-02		-2.03E-02		7.10E-03		-2.01E-02		7.57E-03		1.00E-03		0.00E+00		128		1.00E+00		0		-1		0		0

		1.58E+04		9.99E+00		-1.85E-01		1.85E-01		-1.87E-02		1.26E-02		-1.81E-02		1.36E-02		1.00E-03		0.00E+00		114		1.00E+00		0		-1		0		0

		2.51E+04		9.94E+00		-4.11E-01		4.11E-01		-1.58E-02		2.02E-02		-1.39E-02		2.17E-02		1.00E-03		0.00E+00		99		1.00E+00		0		-1		0		0

		3.98E+04		9.87E+00		-7.15E-01		7.15E-01		-7.12E-03		2.75E-02		-2.79E-03		2.85E-02		1.21E-03		0.00E+00		85		1.00E+00		0		-1		0		0

		6.31E+04		9.65E+00		-1.17E+00		1.17E+00		8.70E-03		2.98E-02		1.62E-02		2.72E-02		1.29E-03		0.00E+00		71		1.00E+00		0		-1		0		0

		1.00E+05		9.12E+00		-1.74E+00		1.74E+00		4.34E-03		3.15E-03		5.50E-03		1.31E-03		1.00E-03		0.00E+00		29		1.00E+00		0		-1		0		0
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		109.95

		109.31

		107.75

		104.04

		95.888

		80.565

		57.551

		35.846

		22.346

		15.342

		12.209

		10.915

		10.374

		10.173

		10.09

		10.06

		10.044

		10.036

		10.033

		10.025

		10.014

		9.9895

		9.9448

		9.8695

		9.6544

		9.1221



Z real  (Ohm )

IZ image I (Ohm)

6.5204

10.269

16.096

24.53

35.515

46.259

49.959

43.774

32.861

22.508

14.724

9.4343

5.8786

3.7427

2.3662

1.4909

0.92677

0.55485

0.31042

0.13008

0.028921

0.18539

0.41059

0.71452

1.1712

1.7435




