Z l V I_/\B ZIVE Application Note13: Solar cell IV Curve

Solar Cell IV Curve

Purpose

This test is to demonstrate solar cell’s IV curve test. You can use Potentiostatic IV curve technique or Galvanostatic IV curve
technique for this purpose.

These two techniques use stair case wave form (Potentiostatic stair case wave form for Potentiostatic IV curve and Galvanostatic
stair case wave form for Galvanostatic IV curve.

Smart manager will apply stair case waveform using constant DAC value increment or decrement with constant time duration. Smart
Manager calculate DAC increment/decrement value nearby step height(or sampling interval) which user defined and time duration
to meet nearby scan rate which user defined.

User can select averaging sampling condition.
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This demonstration’s test condition is;

J Potentiostatic IV Curve

Voltage range: From Eoc to OV
Scan rate: 20mV/sec

Staircase height: 20mV
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Data sampling (100% average at each step)

e Galvanostatic IV Curve

Current scan rate: OA to -10mA
Cutoff potential: OV
Scan rate: 100uA/sec

Staircase height: 100uA
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Data sampling (100% average at each step)



Preparation

ZIVE SP/MP electrochemical workstation
Solar cell

Light source (75Watt halogen lamp)

Cell Connection

+ electrode(Green lead & Blue lead)
- electrode(White lead & Red lead)

Procedure

1.
2.

Turn the Power switch on the ZIVE SP/MP electrochemical workstation
Open the SM software by clicking the SM icon. The following progress box will appear, and will show the progress of checking instrument
configuration and communication between ZIVE SP/MP electrochemical workstation and PC.

1 device found.
S M B Show detais
ZIVE® Smart Manager™

3,1,0,0
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If the link is successfully connected, Click “OK” button on the box then the progress box will automatically disappear and SM software
will appear. If the link failed, The following progress box will display then click the “Retry” button.
SM Not found.

ZIVE® Smart Manager™

3,1,0,0
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If the link failed again after clicking “Retry” button, you need to check USB cable connection.



3. Galvanosatic IV curve technique file: Click New technique function iconlﬁ] (or select Experiment-Techniques on Experiment menu)

Then you can see the following menu
|& Techniques - [C:\Zive Data\SM&\schedule\giv.GIV] - pee

= Technique - G Stat IV

Parameters | Information |

Iv Basic I EIS [v Energy W Comosion i Echem

[m) X
TTEM VALUE Option - Save

Tnitial current(s) | 0.0000=+0 |
Wmmm -10.000e-3 S
Step current(a) 100,006

mm&w 100,00e-6 Apply to CH |
Stepsamping  |LAST 100% -
Limit patential(y) 0.0000e+0 Close

IR Measure. I on

IRange(A) el | oAt

4. Click “Save” button to save the technique file which contains the above parameter and save it as “solarcell.giv” file name and click “Apply
CH” button to assign this technique file on channel.

5. To start experiment, click Start buttonL
6. After click start button, you can see the following box.

| CHZIVE DATAWSHI

Fle name |
Startfle  [Fiel =] strtstep [step-1 ~| I~ Current pofarity

Active area(cmr~2) [1.000000 Capacity(maHr) [1.000000  Weight(g) [1.000000

Tester ( Next fine = CTRLAENTER )

Memo.

I~ Not save fie oK Cancel

You can see real time plot as the following.
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7.

8.

You can display graphic or data editor by clicking right mouse on data file name
%5.!3—

Data file name 134710 04 :
81 B Open DC Graph

File size
Open EIS Graph
DI On/Off Ot
Open CYCLE Graph
Booster N

(L) Open data editor

You can see voltage, current vs test time when you selected those parameter on DC graph

o [ Legend ]
4 solarcell_giv_01[Eref]
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You can see voltage vs. current when you selected those parameter on DC graph
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You may re-scaling the graph by clicking to reverse X axis.

Plot Configuration & Data Filter X
[ Set Axes ] [ Data Filter ]
Item Axis-X Axis-v 1 Axis-v2 Axis-Y3 Axis-Y4 r |T-25t time J 2 |D ~|2.44
Name | Eref None None MNone
Scale W auto | W Aauto | W oAu | W Aut | W Auto I File number : |
Maximum | 161.76e-6  4.2015e+0 161.76e6 10.000e+0 10.0002+0 I Cycle number : |

Minimum | -5.2500e-3 | 210.03e-3 | -8.2500e-3 | 0.0000e+0 0.0000e+0

™ Step number :
Direction | W Invert | [ Invert | [ Invert | [ Invert [ Invert 5 |

Color I R B Cancel

[ Legend ]
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You can see Current vs. voltage by clicking === on DC graph
[Legend ]

solarcel_giv_01[1]

-4,5m
sm
-5.5m—
-6m |

-6.5m

~7.5m~
-8m

1 | | | | 1 1 1
500m 1 L5 2 2.5 3 3.5 4

=

You may re-scaling the graph by clicking to reverse X axis & Y axis.



Plot Configuration & Data Filter

[ Set Axes ]

Item Axis-X Axds-Y1

Name |Eref I

Mone MNone

Scale ¥ auto | ¥ Auto

Maximum| 42015640 161.76e6

Minimum | 210.03e-3 | 8.2500e-3

v

[ Data Fitter ]
Axis-Y2 Axis-3 Axis-T4 I—ITest Hime j: IU NIZ:H
None

¥ aue | ¥ futm | W Auto ™ File nurmber e
161.75e-6 = 10.000e+40 10.000e+0 r Cycle number :I
-8.2500e-3 = 0.0000e+0| 0.0000e+0

[ Step number : |

[~ Invert
onc |

10. Potentiostatic IV curve technique file: Click New technique function icon

Then you can see the following menu

[ Legend ]
solarcell_gv_01[T]

(or select Experiment-Techniques on Experiment menu)

|& Techniques - [C:Zive Data'SME\schedule\solarcell PIV]

¥ Basc ¥ EIS [¥ Energy  Cormosion @ Echem

-~

* Technique - P 5tat IV
Parameters | Information |

- =

VALUE Option

{

|,7. =

1:40

1.0000e-3

0,0000=+0 Eoc

= Apply ta CH

0.00008+0 ERef

4.0000e-3

il

10.000e-3

LAST 100% -

M on

11. Click “Save” button to save the technique file which contains the above parameter and save it as “solarcell.piv” file name and click “Apply
CH” button to assign this technique file on channel.



Data Analysis

1. Open “IVMAN photo voltaic analysis” by clicking IVMAN photo voltaic icon

install IVMAN software package. This software package is on setup CD.
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2. You can see the following independent software display.

. To use this analysis software, you must

2] IVMAN Photovoltaic Cell Analysis v1.2 [solarcell_giv_01.sdo] & - X
File Zone Conditions Madel |-V Curve  Parameters Data
Model to fit e Cumrent [ 7 5] Fitted Power
None B 9m-| — —24m
Free Neme  Value Emor A -23m
8m-
-20m
Tm -
= -18m
b
E tm- ~16m
A 2
5 sm- 14m gt.
v [ ~12m G
&g | =
— = fam -10m 5
g
5 3m- -8m
o
v S -6m
None ~4m
1m- .
0- T T T T T -0
0 50m 1 15 2 25 3 35 4 45 5
Potential [V] S
3. Input parameters
A IVMAN Photovoltaic Cell Analysis v1.2 [solarcell_giv_01.5do] s - *
File Zone Conditions Model |-V Curve  Parameters  Data
Current [, 7 ;|  Fitted Power
Area[cm”™2] lea 180u ~500u
— -450u
Irradiation [W/m*2] 13300 -
140u-] A0
[ Dark Current b 0
-350u
Temperature [K] 300 E 120u+
£ -300u _
2 100u-] ]
g -250u &
(=TT -
z 2000 2
g o 1500
Ty -100u
20u- -30u
0- -0
0 5
Potential [V] mm
4. Select one diode model for fit
4§ IVMAN Photovoltaic Cell Analysis v1.2 [solarcell_giv_01.sdo] “ - X
File Zone Conditions Model |-V Curve Parameters  Data
Model to it i e Cument [[7,]  Fitted [AN] Power [N
FB: One Diode v rin || ming 180u u
None
Eror o~
/ FB: One Diade = ~ 160u-| 450u
FB: Two Diod L
ALl Bn 1400 400U
R € Diod |76 :1
B Two Diode 17 - E 120u- [
|& Rsh 5.337k =
& R Y F300u
Z 100u-] 3
" a 2500 §
5 q
; S 80u-| z
Function Evaluated " S ~200u
Reduced Chi square = 8.246577E-9 E gou-
R square = 0.998447 [} -150u
Deqree of Freedom = 77 v
b T & Alinz| 1000
One-Diode Model s
20u-| ~50u
0 ]
0 5

Potential [V] S




1 10
Fitting by click ming’ || ming’

ﬁl IVMAN Photovoltaic Cell Analysis v1.2 [solarcell_giv_01.5do] - —
File Zone Conditions Model I-V Curve Parameters  Data
Mode_ltc:frt S [ [ ' il Current |, 2 o| Fitted N Power [
|FB: OneDiode [+ | 'T‘ﬂum - L7 .
Free Mame Value Error -~ 160u- = o 2 4504
& Iph 2218m | 206750
m o 38.356n 7.832n 140u- -400u
A 13.009 | 216.18m =
@ Rs 15156 || 903.475m £ 120u -350u
@ Rsh 5337k | 304307 e s,
z
V) c B0u-| —250u
e ~ u ]
Successfully Finished - 1 Rounds ~ E 60u-| -200u
# of Function Calls = &1 g
Reduced Chi-sgr = 4.101322E-10 o ADu-| ~150u
Esgquap 10T —
One-Diode Model _I, Rs 20u+] ~100u
Iph v 0| ~50u
I Ish|< Rsh % -20u- -0
[CREAVAS < 0 :
= Potential [V] . ﬂg]m
You can see analysis result in parameter tab.
|-V Curve Parameters  Data
Eye-fitted Best-fitted / Error ~
- COMDITIONS -
Area [cm®2] 49
[rradiation [W/m"2] 15300
Temperature [K] 300
- PARAMETERS -
Open-circuit veltage [V] 4119126 4118494
Short-circuit current [A/cm 2] 0.000166 0.000167
Voltage @ max power [V] 3.233027 3.208627
Current @ max Power [Afcm™2] 0.000141 0.000141
Max power [W/em*2] 0.000455 0.000452
Fill factor 0663127 0.656717
Efficiency [%:] 0.025707 0.029564
- OME DIODE MODEL -
Phaoto-induced current [Afcm#2] 0.000168 £ 12.33%
Sat, current [A/cm 2] T.868528E-10 7 1002,98%
Diode quality factor 13.089217 / 1.65%
Series resistance [Ohm] 58.30307 13.155998 / 5.96%
Shunt resistance [Ohm] 3336.66487 5336.665227 / 5.70%
- GOODMESS OF FIT - W

[an] s3mog




7.

To fit the model, this software use first 2 point and last 2 point to make initial guessing. Some of data file may show incorrect

initial guessing value as the followings.

A WMAN Photovoltaic Cell Analysis v1.2 [average_01.sdo] - s hd
File Zone Conditions Model |-V Curve | Parameters  Data
Miide 1 Bt o T Current [7,]  Fitted Power [/
FB: One Diode v mind | mingt 800G -
Free Nome  Value Eror A FN L i
-274.303P 700G
274.904P ~18m
348 ey L 1gm
145,628 E
810.551 5 5006+ [~ 14m
-
= ~12m g
v 2 4006+ i
= - =] 1om =
Function Evaluated ~ € 3006-] =
Reduced Chi square = 5.364909E+23 £ -8m
R square = -1.900355E+28 3 s
Degree of Freedom = 201 v 200G
One-Diode Model I, Rs ldm
1006 )
~2m
— 10
0 50m 1 15 2 25 3 35 4 45 5
Potential [V] S
In this case, you must select Zone manually and try to select model.
2 WMAN Photovoltaic Cell Analysic v1.2 [average_01.sdo] +* - x
File Zone Conditions Model |-V Curve  Parameters  Data
Zone Selection Curent [,7,]  Fitted Power [N
Octyde OCydeandStep  ® Index & —— 2
: -20m
7m-
End| 206 % =i
& bml -16m
£
< 5m- ~14m
3 5m
2 -iam
§ 4m- a
am S Fiom 2
g 3m] -8m
= & + 3 .
2 2m-| 2] m
@ -4m-| -4m
s e
' gm-| -2m
8 0 -0
- : ; : T T T
0 2 6 0 2 3 4 5
Potential [V] Potential [V] S
A8 VMAN Photovoltaic Cell Analysis v1.2 [average_01.5do] at o X
File Zone Conditions Model I-VCurve  Parameters Data
Mhirdel 1o b v e Current [ 5]  Fitted Power [
FEB: OneDiode | e | pingt gm-p -
Free Name  Value Eror  ~ i ; L20m
| Iph 78m 16201 7m-|
10 6.374n 3.335n ~18m
A 11561 424.442m & 6m] L 16m
Rs 46466 291 E
Rsh 11.68k 1.275k Z 5m- ~14m
& -12m §
v 54 8
- a 1om =
Successfully Finished - 1 Rounds ~ £ im =
# of Function Calls = 16 gsm ~2m
Reduced Chi-sqr = 4.198465E-9 3 s
R square = 0.998395 v 2m-|
One-Diode Model I, Rs l4m
1m-
Iph ~2m
1 o ; ; ; : -0
0 1 2 3 4 5
Potential [V] S m
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