Type VK-PA-300

For I-V Tracing, Maximum Power Point Tracking, & Cyclic Voltammetry
The Measuring Range (up to +12V, up to +4A)

VK-PA300
PV Power Analyzer

Specifications 1. VK-PA-300 PV Power Analyzer - C:\Users\01\Desktop\ |V Data\IV_Dataxcv (00013} - [m] *
1 Tracer | MPPT | POT/GAL | Cyclic Vokammetry | Data Save Options | Analyzer Settings | Help |
Measurement Range Voltage: +12V & -V Curvs Settings
(For details see page 4) Current: +2A (+4 A Pulse) Current and Power vs. Voltage StartVoliage: [ veo [500 mvg
with 5%-digits resolution 15502 30E03 EndVolge: [~ vee [80 ' mV
: Step Value : -20 mV
Measuring Technique Digital Source Meter Type 0 - = |t B
. - ‘-, e N\ Active Area of the Cell : 0.2500 ?
Inputs Front: 4 probes for PV devise Ee \ enm e e o
- - \ | 1 0E-02 Geom. Areaofthe Cell:  [10000  cm?
A/D Converters 24 Bit (2 independent ADCs for V & | = T \ T inckdent biohtInkersity =5 100000 it/
measurements) 5 g0’ | foeen £ Curent L 10___[fmA
g L
X . 3 g A E B | can Settings
User Interface and data Computer software is provided for V| ooz ; Start Foint Delay D0 s
p AW
collecting control of all the functions and data 0peee o — ‘,1‘1 @ Retention (Halding) Time : [E1 =
logging. Measurement data can be \| 20503 ® S ! a2
i \ IV Scan Time : e
saved as a text file (.csv or .txt) and \
] ) 5 des » 30503 I Auto Reverse
directly plotted on ®Microsoft Excel S Voltage (V) =hl= I
h . k — Cument —— Power I™ Setyscdeta 0 e
graph. (Windows based PC required) & Lve O MerColecting Al Data
Communication BluetOOth Open Circuit Voltage (Voc) : |474.368 mV Maximum Power Point W (Vmpp) : |339.647 mV :;V Modz -~
. Sheort Circuit Current (Isc) : [10.8944 mA Maximum Power Foint | (impp) : |6-92039 mA Nomal IV Advanced IV
Power Requirement 100 VAC (50-60 Hz) Short Circuit Current Density [Jsc) - | 43.5775 Maximum Output Power (mw]) - | 2.35049 mW ¢ Programed Continuous IV
230 VAC (50-60 Hz) Fill Factor (FF) : |0.455 Estimated Series Resistance (Rs): | 8.46887 0
Active Area Con. Efficiency (n) : |9.402 % Estimated Shunt Resistance (Rsh): | 100513 Q START | CANCEL |
Dimensions, Weight 260 mm(W) x 350 mm(D) x 133 mm(H), Geametric Area Con. Efficiency (n) : |2.350 % I Perfom Curve Fiting
6 k;
g Status: Ready Scan Time: [3.957c  Scan Speed:|139 mV/s
Features of Solar Cell |-V Tracer
User selectable START, END and STEP voltaggs. Plots current and Features Cyclic Voltammetry (CV)
power vs. voltage curves. Calculated results include V., I, J.,
Prnaxs Vinppr | mppr FF» Rr Repy Nactivens @Nd Ngeon- User can set the Allows user to get both three electrode and two electrode CV plots for given voltage range,
desired scan speed, scan time, or holding time. Advanced |-V scan speed and number of cycles. This function mimics the analog triangle wave of voltage
peed, ) g
option allows initial, middle, and end point holding times. | vs. t without digital voltage steps.
transient plot for all data points and/or under a selected fixed
voltage. Programmed Continuous IV” function allow user to take
series of IV curves on given time intervals.
Features of Maximum Power Point Tracking (MPPT) Function
Analyzer acts like the best load for the cell to extract maximum
power point (MPP) and keep tracking MPP continuously. Plots S P D Labo rato ry I nc
PrmaxsVimpp » Impp @nd Efficiency vs. time curves and also display ! '
current/power vs. voltage plots. 2-35-1 Johoku, Hamamatsu, 432-8011, JAPAN

Tel: +81-53-474-7901 Fax: +81-53-401-7080
Email: ing@spd-lab.com
Web: http://www.spdlab.com/English /VK-PA-300.html

Features of Potentiostat/Galvanostat Function

Plot the current vs. time under a given constant voltage or
constant current. User can directly measure the open circuit
voltage, and short circuit current of the cell.
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PV Power Analyzer

Microsoft All the graphs and data can be saved
Xcel in a Microsoft Excel Workbook.

VK-PA-300

I VK-PA-300 PV Power Analyzer - C:\Users\0T\Desktop\IV Data\new!VData (00078) - O x 5 1V Curve Fitting Details - o x
Charge/Discharge 1V Tracer | MPPT | POT/GAL | Cyciic Voltammetry | Data Save Options | Analyzer Setings | Help |
& IVCurve Setfings ——————————————— q (V+IR5) q (V+IR5) V + RS
Current and Power vs. Voltage Smnvolsge: [ ves [40 m I =1 — 15 ekt ny J— 1| — [, |ekTh no /— 1 ——0=2
. RE End Voltage [ vee [0 mV Rsh
Step Value 20 mv
[~ Optimized Fiting Parameters | [ Caloulsted Resut
Total No. of Data Points : |28
4.0E-03] Light generated curent : Iph = P.00500351 From Fitting From IV-Curve
| 0.0E00 Active Area of the Cell 02500 om?
Reverse breakdown curent : Is1= [ 1.994063E-09
Geom. Arezofthe Cell . [10000  om? Maximum Power Point V (Vmpp) : [211.40 mV 200.60 mV
. N Recombination curent : s2 = 7.BB1B50E-1D
g 20E03 p ekl it = SR 100.000 o ] DI Maximum Power Point | (Impp) : | 2,198 mA 2.3408 mA
E Fsoees 3 e I Semmm— e e [ | [ |
E 3 Shunt resistance - Rsh = 0000859 ascimum Output Power (Pmax) “ v
0| 3-5E80- Secan Settings ——— | Shunt Resistance (Rsh) 859290 10376 Q
41 01 00 0o ©1 01 02 02 03 03 W4 P4 ‘Start Point Delay. i@ s Diode 1 idealty factor :n1 = 1.109203
| -1.0E-03 {5 Retention (Holding) Time ms Diode 2idealtyfactor :n2 = 1.194128 Series Resistance (Rs) 134310 398590
20803+ © Scan Speed 213 mVs Standard Error [0.0000454
€ IV Scan Time 2538 5 of the Estimate: : 02 =
15603 ™ Auto Reverse [~ Stopping Condiions
I Setyscaleto Data Plotting Method Mazimum Number of kerations : 5000
@ Live " Ater Collecting All Data
Stop heration f oZless than [0.00003
[~ IV Curve Resuks
Open Circuit Voltage (Voc) : |361.59 mY (20060 mv WMode ——— |
) —_— F R G A) |E T & Nomal IV € Advanced IV Fit Again Stop Fiting
Shert Circuit Current (Isc) : | 43275 mA Maximum Power Point | (impp) : | 2.3409 mA
Short Circuit Current Density (Jsc) : | 17.310 mAlem”™2 Maximum Output Power (mw) - |469.60 uW " Programed Continuous IV
Fill Factor (FF) : |0.300 Estimated Series Resistance (Rs) - |39.850 Q
Active Area Con. Efficiency (n) : [1.878 % Estimated Shunt Resistance (Rsh): | 103.76 Q START CANCEL
Geemetric Area Can. Efficiency (n) : |0.470 % ¥ Perfom Curve Fiting Fe Agen | Sop |

Status: Ready [ ScanTime: [28065  Scen Speed: [192mVis

I-V curve fitting function automatically fit the |-V data with two diode model and calculate various parameter.

1" VK-PA-300 PV Power Analyzer - C:\Users\0T\Desktoph|V Data\IV_Dataxcv (00019) - [m] * IL ngramed Continuous |-V 5 _ D >'<

IV Tracer I MF‘FTl FOT}'GAL' Cyclic \inhammetryl Data Save Options | Analyzer Settings | Help |

— IV Curve Seftings ——————————————————— — Basic Settings
Current and Power vs. Voltage StartVoltage: [~ vee [500  mv hh  mm  ss
|-V Taking Interval : lﬁ . IT : IE

End Veltage : [~ vee I-ED— mYy

Step Value : I—Zﬂ— my

Total No. of Data Paints : |28 Number of I-V Cureves : I

Active Area of the Cell - [02500  cm?

Geom. ArsacitheCell:  [10000 am r—Cell Condition Between |-V Measurments
Incident Light Intensity 100.000 mW/cm? i Shart Circuit ¥ Show Cell Status

Curent Limit : IZE mA
" Open Circuit

T T T T T T T —Scan Settings ——————————
02z 02 03 03 04 04 Stort Point Delay o s " Keep Cell Vat: I mV

&' Retention (Holding) Time : 5[) ms

£
E=
g
S
(]

¢ Scan Speed : |57 mVi/s
€ VSeanTime: s s Data Saving Options
™ Auto Reverse
o 4 . y ,
T Valtage (V) =T T " Save Datain Microsoft Excel file {with graphs)
—— Current =—— Power ™ set y-scaleto 0 a
1 live (" After Collecting All Data ¥ Save curves in a same Excel
|-V Curve Results P (_\_ i
Open Circuit Voltage (Voe) : [471.217 mv Masimum Power PointV (Vimpp) - | 33943 mV i Nn 3 » P Save each curve in a separate Excel file
Short Circuit Current (lsc) : | 11.7838 mA Maximum Power Paint | (Impg) : | 7.72826 mA omal vance:
Short Circuit Current Density (Jsc) : |47.1353 Maximum Output Power (mw) : |2.62321 mW " Programed Continuous IV
Fill Factor (FF) : |0.472 Estimated Series Resistance (Rs) : |6.83948 Q
Active Area Con. Efficiency (n) : | 10493 % Estimated Shurt Resistance (Rsh) : | 104.226 Q 1V Running CANCEL |
Geometric Area Con. Efficiency (n) : | 2.623 % ™ Perform Curve Fitting
Status: Waiting for IV No: 2 Time Remain : 00:00:18 _ Scan Time: |1 s Scan Speed : | 137 mV/s

“Programmed Continuous IV” function allow user to take series of IV curves on given time intervals. User can
also determine the cell keeping condition during I-V measurements. Data can be save in a single Excel file or
separate files.



PV Power Analyzer

VK-PA-300

All the graphs and data can be saved
in a Microsoft Excel Workbook.

L. VK-PA-300 PV Power Analyzer - C:\Users\01\Desktop\IV Data\IV_Dataxcv (00024) - m] X =

FV Tracer I MPPT] POT/GAL} Cyelic Votammetry I Data Save Options ] Analyzer Settings ] Help I

IV Curve Settings Current and Voltage vs. Time
Current and Power vs. Voltage SEiiEre (v |G . s 1.00E-02 6 00E-01
End Voltage [ vee [50 mv AT u
Step Value [20 mv \ Y /
6 00E-034 [ }400E-01
Total No. of Data Points : |57 \\ \—.‘,"
Active fresofthe Cell:  [02500  om? F HO0ED34 h_\ Jlul s
Geom. Area of the Cell : 1.0000 cm? E  200E-03 |‘ \ /'I | p200E-01 I
= \ i
I-0.0EQD Incident Light Intensity 100.000 mWicm? 3 0.00E00 : : : ‘| : 1 : ‘u‘ | g
S [ 50 100 180 zuf 2 d‘. o ?5.0 AEf.u
-2 DOE-03 | | -0 00E0D
) /
Scan Settings = Cument (m#) — \’-+2-;e (mV)
Start Point Delay : 0.100 s ~4.00E-034 [
T —
% Retention (Holding) Time : [E1 ms 5.00E-03 -2 00E-D1
— Time (s)
" Scan Speed : 1 mW/s
" IV Scan Time : 143 s
[ Advanced IV Settings
s Voltage (V) 20503 e ::fe::“ Wethod
— Comrent — Power I Setyscaeto @ Fletina o T '
Aol @ )
live & After Collecting Al Data 3 3 FF Stort | vs tPlot at 250 mV
W Curve Rasuts —— . Dats Interval Total |- t plotting time 3 s
Open Circuit Voltage (Yoc) : |440.752 mV Maximum Power Point V (Vmpp) : | 289.748 mY N e & A 0" . m
0 = [ioms .
Short Circuit Current (Isc) - | 7.87608 mA Mazimum Power Point | (impp) : | 478737 mA oma vance M Number of Dats : 300
" [ .
Short Circuit Current Density (Jsc) - | 31.5043 Maximum Output Power (mw) : | 1.38713 mW " Programed Continuous [V I s Datainterval : & 10ms v
Fill Factor (FF) - | 0.400 Estimated Series Resistance (Rs) : |[13.99150Q “h s
Active Area Con. Efiiciency (n) : |5.549 % Estimated Shurt Resistance (Rsh) : | 106.643Q START | CANCEL |
Geometric Area Con. Efficiency (n) : |1.387 % I™ Perform Curve Fitting ¥ Automatically Start Reverse Curve v \’ Holding Time |3 s
Status: Ready Scan Time: Scan Speed: | 000 mV/s

“Advanced IV Setup” allows user to change various settings such as “start” point holding time, “end” point
holding time, current vs. time plot for each data point, and/or at given fixed voltage in the middle of I-V
curve tracing.

17, VK-PA-300 PV Power Analyzer - C:\Users\01\Desktop\IV Data\V_Dataxcy (00012) - O X [, Maximum Power Point Tracking -IV_Dataxcv (00012) - O x J
1\ Trager MPPT 1 POT/GAL} Cyclic Votammetry I Data Save Options I Analyzer Settings I Help ]
U R Power and Current vs. Voltage
Maximum Power vs. Time . ’
'] 77546 ITIW 1.20E-01 - 2.00E-03
1.00E-02 06 :
1.00E-01
-0.00E00
8.00E-02
5.00E-03 e - o/ < g
S o4 1018 % §  600E-024 T 20003 E
a 5 g
g. mpp Ir o
= ;}”‘\A 5 4.00E-02 ]
S 000EDD 3 |-4.00E-03
é oo fo 20 3o 40 so0 60 70 s0 =
£ Linear | Biscction | 2.00E-02
%
l 10 Cumentim) - Fgrermw)
& J o2 0.00E00 . R 6 00E-03
J T T B .
5.00E-03 | € From lsc & From Voc 0.000 0.200 0.400
IW Voltage (V)
20
-1.00E-02 el 0 1 Reset to
—— Fmax — Vmpp  —— Impp 100 Dj:::t MPPT Advanced Settings Display
: Data Plotting Interval 1 Save Data Active Ares of the Cel - ’W om? ¥ Power Curve Path
Stopping Method Display Graph Incident Light Intensity 100.000 mW/em? ' Current Curve Path
& Manual ¢ Fefficiency drops below [ 1000 % = Pmax, Vimpp. Impp - [ Show Searching Data Starting Point Holding Time :  [1000 ms Zoom
" Automatically after 60.0 min " FMPP cument drops 0100 mA " Hfficiency Open |V Window At Seole
* Whentotal energy [0.000007 Wh " Total Energy ¥ Ao Save Data Flesin Every | 2 min 4
Status: Ready MPP Tracking Time : | 00:00:08 Scan Speed:

“Advanced MPP tracking” function shows the power, current, voltage and efficiency curves from the starting
point of the MPP tracking so that user can see how it reach to maximum power point from different
starting points and directions. It is continuously plot the conversion efficiency vs. tme curve.



] All the graphs and data can be saved
e in a Microsoft Excel Workbook.

PV Power Analyzer

VK-PA-300

[ VIR 300 PV Power Analyzer - C:\Users\D1\Desktop IV DetsV_Dateey (D0005) - o x
1vrmm[ MFPT| POT/GAL  Cycke Vokammetry |nmw.-mm| Amlpu‘ﬁirgl Mdp l

Set Vokage
Cyclic Voltammetry Curve C¥ Curve Paramstens

Scan St Volage | [0 my

Scan Ered Vollage | W mv

Dete Fosdieg Sep . [0 mv
Total Mo of Catn Paings | 307

Complance Cument - [10 mA
Sean Speed - oo mm
Ho. of Cycles - P
StotFoirt Waiing:  [100  ms

ofoo  odog

000024
ADC Cerrvension Tave

Data Plettrg Method
& Live © Hver Colecling A1 Dals

START CANCEL

“Cyclic Voltammetry” allows user to get both three
electrode and two electrode CV plots for given voltage
range, scan speed and number of cycles.

Status: Ready ScanTime: [208305 Scan Speed : [0S mijs

. WAC-PA-300 PV Power Anatyzer - C\Users\01\Desktop\ IV Dats IV Dutaxcy (00010) b o x
V Tracer | MPPT POT/GAL | Cyche Viskammetry | Diata Save Otions | Analyzer Settnga | et |

Current & Power vs. Time

000 12
0004 J

z

z os

5 000 =

- -06 ;f

% 0002 32

£

o

w0 mv NE] 3
oo s Cipers Tomh
ﬁ ™ _sat | ™ Ao Range roaw

Status: Plotting V and | Data... HEEERERENN RN RN R ERNRN Total scanning Teme: (10805 Scan Speed:

“POT/GAL” Tab allows user to set constant voltage or
current to the sample and measure and plot data. Also
Voc and Isc of solar cells can be measured with single
click .

[ VK-PA-300 PV Power Anabyzer Saftware o X
i Tracer | MEPT | POT/GAL | Crob Volammetsy Dot Sve Options. | prusyzer Settings | Feb | Caltration |
Tt Fle Saving Optiona User Seitings

VK-PA-300 Ariszer Dita Saving Folder
= o
[E- Tiere 8T DesktopIv Deta J Save My Setinga
Diota Fie Hame | Gerusale Automaticaly

- [ Fleset
|Iv_Dats # Laad My Settngs

The name suffc
Comment
Srve Cument Sysiom Seings |

This. 1.Ce Shnes

F Eave as tut e (This text file con e epened with Notepad or WerdPad)
™ Sirvm am cow e {Thie coommma s vk B can b ogeet wils Excel]
¥ Save an Wrosol Excel e with grachs

™ Save sach cuve in & separale Excel lie
% Save curves in 8 same Excelfie urt | close the fie

[ VK-PA-300 PV Power Analyzer Saftware o X
i Tracer | MEPT | POT/GAL | Crob Volsmeby | Data Save Optiorn | Arstyoer Setings Heb | Caliration |

¥ you face any prablem while using this software. or i you found any bug or you have suggestion.
comment of request

Please contacl me

Tel  =B1-53474-7901 (ofice)
819036350788 (cull)

Postal address:

Fax  +81-53-401-7000 Cr. P iraj s
Fomaed wigayswioura@gmin com Bansor Seintst
wvirajispd-tab.com SPD Laboratory. Inc.

351, Johoku, Maka-ku
Skype Mama:  viragayaweera Hamamatsu, 432-8011,
Liruz oncd Vibor . Phone Numbaor +31-80-3835-0788 JAPAN

I Lve Updse B b e kg oot Web:
bt/ vegavneesa phwor com
Indommation. tetn: e spedaly com Engish Home s
Schtmare Verson . | 6.1.3.17
Saltmare Serld 1234567880
Status: Resdy Sean Time:: [43 Scan Speed: [000mNFs. Status: Resdy Sean Time:: [43 Scan Speed: [000mNFs.

“Data Save Option” tab allow user to specify results
saving folder and file name prefix. User can save setting
parameter also.

“Help” shows contact information and Software Version.

17 VK-PA. 300 PV Power Anatyzer Saftware

=]
»

H Tracer | MEPT | POT/GAL | Crob Volammety | Data Save Optiorn  Arsahrer Seitings | by | Calieation |

Commurication Fot Maansrg Runge Syste Feoel 7 Ensble Servce Mode
feoma - _'| Search r Cabbrotion Constords o
_Search | ks R Reart | VADCUn - 12883V RawRRe [iD0T0
otse: [£125V ] IADC e - [T23885 v RaweRI: [ER00
Wi Corfigaration = i '
L’m\ T e, Rahve R1-  [0505T0 Rshni R4 [e39
Careetrdin BV : mcrma:um
Analyzee | _I_I 2w Mode DA [0 Mmm
ADC Canversion Time =] “ vaez] @
17 =] I kst vl For— o —

Rt | s | ul' | V Range ZeroOfivet  Real Gan

T V1 S - L
St Curent 0 ma Zao it FGal
Comp. Curert, [ 100 mA Al AL :] ms [ T el =] [ [z
s e Gkioal Currerd Lirdt 300 a —

Pesinds 25000 ms

Comp.Volmge: [ 10000 mV
Mode: [TV - R-.ndhmy‘ Resg o | HmdFmﬂl Megstve Vokage Protecton - [1000 v

Frne Eieponirg Fead _I wite | Saveto egFROM |
Seda #f. | 12260002 P Ao Comeet Offaet
Firmware Ver. | 2020047 T Show V_Shunt
wﬁaal Cear hllirurl Cun Range
ofset VPGAD | VOt W Offeet

HPGAD Clear

Poattye Vokago Protection - [10100 v Dlegnsa
ex

[ VE-PA-300 PV Prower Analyzer Saftware o X
i Tracer | MPFT | POT/GAL | Grokc Vokameby | Data Save Optiorn | Arislyzer Setings | Help  Calbration |

isitage Calbaeon Cuemore Callaion
Select Volage Range. [s125V S Chlbion Select Vokage Range. [5uA - A
measured Enter measred

umwl.-wmv; Comect Curend i)

SetV1: Bealt: 0005620 mA, 0005709

Fiead V1 Resdil: 000585 mA

Sel V2. | — Seld: TOETTEmA [0.006306

Rrad V2 Fead [} DO0ETERmA

Setva: Sld; 1.000818 mA [9.000555

Fead V3 Read 3 0 000458 mA

Set Vi Set 14 0000505 mA 0007

R Vi - Fesdb: | 0000ERZmA

Sat

Al vollage values must be endend inmV unls Al currend vaues must be ertend n mA unds

Save o EEPROM

clleel HPGA sy
Status: Resdy Sean Time: [45 Scen Speed: [000mVs

“Analyzer Settings” tab allows user to change specific
parameters of the PV power analyzer.

Status: Resdy ScanTime: [45 SownSpeed: [0V

If needed user can recalibrate VK-PA-300 with a

standard meter. (Please request password to access to calibration
menu)
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PV Power Analyzer

VK-PA-300

VK-PA-300 Detailed Electrical Specifications

Measuring Technique

Digital Source Meter with 4 probes connection to DUT.

Measuring Range

Voltage: 12V

Current: *2 A Continuous 4 A (pulse)

Specifications of A/D Converters

Resolution: 24 Bit

us.

Utilize on-chip digital calibration to eliminate offset and gain errors.
ADC integration time can be selected from 16 different values from 400 ms to 33.3

Built-in Voltage Reference Parameters

Output Noise : 100 nV/Hz*

Output Voltage :2.500 + 0.001 V Output Voltage Drift : 3 ppm/°C (-40°C to +85°C)

Voltage measuring ranges and reading (24-bit ADC) resolution and voltage setting (16-bit DAC) resolutions

Range +150 mV +300 mV + 600 mV 1V 2V 4V +8V +12V
Reading 9nv 19nV 37nv 740V 149 nV 298 nv 0.6V 120V
Resolution

Setting 153 uv

Resolution 9.5uv 9.5uv 19.1pv 19.1pv 38.1uV 76.3 uVv 305 uv

Current measuring ranges and reading (24-bit ADC) resolution and current setting (16-bit DAC) resolutions

Current Measuring Range

Current Reading Resolution

Current Setting Resolution

(24-bit ADC) (16-bit DAC)

6 pA 0.8 pA 1nA
12 pA 2 pA 1nA
25 pA 3.4 pA 1nA
50 pA 7 pA 1.7 nA
+100 pA 13 pA 3.5nA
+200 pA 27 pA 7 nA
250 pA 37 pA 9nA

+ 500 pA 74 pA 19 nA
t1mA 148 pA 38 nA
2 mA 295 pA 76 nA
6 mA 887 pA 0.9 A
12 mA 1.8 nA 0.9 A
25 mA 3.5nA 0.9 A
+50 mA 7.1nA 1.8 pA
+100 mA 14 nA 3.6 pA
1200 mA 28 nA 7.3 A
+ 500 mA 75 nA 19.1 pA
+1A 149 nA 38.1 pA
t2A 298 nA 76 pA
+5A 0.6 pA 153 pA

Web: http:/ /www.spdlab.com/English/VK-PA-300.html

SPD Laboratory, Inc.
2-35-1 Johoku, Hamamatsu, 432-8011, JAPAN
Tel: +81-53-474-7901 Fax: +81-53-401-7080 Email: ing@spd-lab.com
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