Specially designed for electric-double layer capacitors (EDLCs) , battery, and solar cell research Type: VK-CA-SOOO

Source and measure up to 20V and 10A
Versatile control software provides all necessary data analyzing tools with automated curve
fitting to evaluate capacitance, power, energy of EDLCs, and capacity, cycles life testing of
batteries.
Constant current charge-discharge test
Cyclic voltammetry curve
Self discharge analysis etc...
» Can be used as a potentiostat or a galvanostat with 4 probes

specifications 1" VMK-8000 Capacitor and EatteryAnalyzer-C:\User‘s\Vira—J\_Desld.anDaba\Cap (00004) = 6] %
Charge/Discharge | 1. Tracer | MPPT | POT/GAL | 4 Quadrant IV | Data Save Options | Analyzer Settings | Hep |
Measurement Range Max. Voltage: 20V
Max. Current: 10 A (pulse) Constant Current Charge Discharge
8 A (continuous) 3 15
with 5%-digits measuring resolution
. . R
Measuring Technique Digital Source/Measure Unit Seechue b
o Equivalent Series Res. :
Inputs Front: 4 probes 5 EreE
o . = M OuputPower:[12.813W |
A/D Converters 24 Bit (2 independent ADCs for V & | readings) 2 e AT
Shortest Discharg tims
up to 30,000 SPS
’ Discharge Start Point V'
- ; I i [1ooa ]
User Interface and data Computer software is provided for control of S
. . . ischarge Current -
collection all functions and data logging. Measurement = =
¢ ) Slope of Discharge
data can be saved as a text file and directly
plotted on ®Microsoft Excel graph. (Windows E < = >
based PC required) Voltage Limits Curent Limits ot Cyces Settings Seff Discharge
MaxCrarge Vabage - 25 V|| oo e i Databterval:[02 s W ShowICurve eral: 0 s
L. Cons. V Charge Time : [1 s Total mass of electrode materials : [5.000 g Duration : [1140 min
Communication Through a USB port Endof-Dischage - [05 V| | (" Setof Curent Values : _ Discharge Vottage Range for C Caleulation % Wehou PC
Select from Known Call Type Start Step End UpperLimit - | 80 % o | ' D‘si'f:rge
Power Requirement 100 - 240 VAC (50-60 Hz) Custom = 1000 A 02 A 3000 Al Lowerlim: [40 % osioms | ek
DimenSiOnS, WE|ght 320 mm(W) X 450 mm(D) X 150 mm(H) , Status: Ready Scan Time: [41.051 s Scan Speed: 000 mV/s
10 kg
Built-in Software Features Built-in Software Features
For EDLCs Analysis: General capabilities:
v' |-V tracing for solar cell
v Measurement of constant current charge-discharge test with given v/ Use as a potentiostat with 4 wires
voltage compliance. v' Use as a galvanostat
v’ Plot cyclic voltammetry curve v’ 4-probe resistance measurement
v' Curve fittings for ideal RC model and nonlinear real model R-CPE(Q, a). v' Use as lead-acid, Li-ion, Li polymer battery charger up to 8A and 20V
v’ Calculation of energy vs. time plots v All data and graphs can be directly saved as ®Microsoft Excel files
v’ Calculation of energy vs. power curve v' All measurement parameters can be saved and reloaded when needed to
v’ Self discharge analysis repeat at the same experiment.
v Cycle life testing

For Battery Analysis:

SPD Laboratory, Inc.
voltage compliance. 2-35-1 Johoku, Hamamatsu, 432-8011, JAPAN
Analysis of both charge and discharge data Tel: +81-53-474-7901 Fax: +81-53-401-7080

v' Measurement of constant current charge-discharge curve with given

Self discharge analysis 1,
Cycle life testing Email: inq@spd-lab.com

Limit based analyses (voltage, current, temperature, ohmic value) Web: http://www.spdlab.com/English /VK-PA-25.html
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| VMEK-8000 Capacitor and Battery Analyzer - C:\Users\Viraj\Desktop\IV Data\Cap (00004)

Charge/Discharge | 1V Tracer | MPPT | POT/GAL | 4 Guadrant IV | Data Save Options | Analyzer Settings | Help |

Constant Current Charge Discharge

3 15
2.5 B
05
s 2 o
S S
S 15 =

Capacitance : 83807 F

Specific Capacitance - 1.6781 kFlkg

Equivalent Series Res. ;. | 77.824 mQ

Specific Energy : 5.2434 kJikg

Maximum Output Power : [ 18.814 W

Shortest Discharg time :  [1.3072s

Discharge Start Point V: [2.4212V

I: [-1.0018 A
Discharge Current : -1.0000 A

-119.18 mVis

Slope of Discharge :

V-1

<]

\2

Voltage Limits Current Limits 4 of Crcles - Settings Self Discharge

Max Charge Voltage : IT v & Curert:[ 7000 A yc,esf Data Interval - [p.2 s I+ Show | Curve Interval - ’3[}.— 5
Cons. V Charge Time : |10 s = Total mass of electrode matenials : |5.000 g Duration : (1140  min
End-of-Dischange : IF v € Set of Currert Valuss : _ Discharge | Voltage Range for C Calculation : ¥ Wihout PC

Select from Known Cell Type : Start : Step : End : Upper Limit : ’T v e DisSCt::rge
Custom ~] [1000 A [0250 A [3000 A|| Lowerlim: [ 40 % et Read Data | Test

Status: Ready
e

Scan Time: |41.051 s 5Scan Speed: |000 mV/s

Screenshot of constant current charge discharge control panel

[, WMK-8000 Capacitor and Battery Analyzer - C:\Users\01\Desktop\IV Data\CC_Charge_Discharg_Data (00018)

CC Charge/Discharge | 1V Tracer | MPPT | POT/GAL | 4 Quadrant 1V | Data Save Options | Analyzer Settings | Help

Waltage (V)
)
T

— Voltage =—— Series2

T T T
2000 2500 3000

T
1500

1 T
500 1000

Voltage Limits Curmrert Limits Plot Settings
Max Charge Voltage : |2.5 v * Single Curve at 1 A Data Interval : |0.1 5
(" Charge On
End-of-Discharge : 05 W " Set of Charge Discharg Curves with £ by
" Discharge Onty
Select from Known Cell Type : Start : Step : End : & Ch 4 Disch
Custom | T Aoz a2z a =1ae ane Hesnane

Self Discharge

v EEE:; Charge Interval : 30 s
Duration : |60 min
W Without PC Start
Discharge
Start | Read Data Test

Status: Ready

Scan Time: |3614.046 s Scan Speed : | 000 mV/s

Screenshot of self discharge testing




™ VMK-8000 Capacitor and Battery Analyzer - C:\Users\01\Desktop\IV Data\CC_Charge_Discharg_Data (00277)

'CC Charge/Discharge |V Tracer | I'\"IPPT] POT,-*GAL| 4 Quadrant IV | Data Save Options | Analyzer Settings | Help |

|-V Curve Settings

Start Voltage : [ oo ’W mY ﬂ
End Voltage : [ Voo ’W my
Step Value -100 m"/

| 4 0E-02 Total No. of Data Points : ’53—
Active Area of the Cell - ’W cm?

|- 2 0E-02 Geom. Area of the Cell : ’W cm?
Incident Light Intensity : IW mWW/cm?

| 0.0EQD Compliance Cument : ’5I}— mA

T Scan Settings

--2.0E-02 Start Point Delay : 0.100 5
* Retention (Holding) Time : ’5[)— ms

| 4.0E-02 & oo —
" IV Scan Time :

£.0E-02 [ Auto Reverse

Data Plotting Method

=e— Current

— Power

[ Set ‘,’ﬂCEﬂE ta 0

" Live

(v After Collecting All Data

IV Curve Results

Open Circuit Voltage (Voc) | 5.88514 V Maximum Power Point V (Vmpg) - [4.89775V Advanced -
Short Circuit Current (Ise) : | 11.1537 mA Maximum Power Point | (Impp) - | 3.85151 mA IV Setup | Use Advanced -V
Short Circuit Current Density (Jsc) : | 44.6146 Maximum Output Power (mw) : | 48.2503 mW
Fill Factor (FF) : |0.735 Estimated Series Resistance (Rs): (414214 O
Active Area Con. Efficiency (n) : |193.001 %  Estimated Shunt Resistance (Rsh): | 247979 kQ START | CAMCEL |
Geometric Area Con. Efficiency (n) : |48.250 % I Perform Curve Fitting

Status: Ready

Scan Time: |5361 s 5can Speed: |1166 mV/s

Screenshot of solar cell I-V tracing tab
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. VME-8000 Capacitor and Battery Analyzer - C:\Users\01\Desktop\IV Data\CC_Charge_Discharg_Data (00298)

lec Charge/Discharge IVTlacerl MPPT POT/GAL |4Quadmnt -V | Data Save Options | Analyzer Settings | Help

Current & Power vs. T|me

Power (W) & Current (&)
i) sbeyop

Measure Open

Measure Short

Circuit Voltage Circuit Cument
Flot Voc and lsc
t_Voc - W " Auto
t_lsc : IW
t_Total : |60 5
Interval : ID5— 5
Flot Interval : I'I— 5
Voc | lsc | lTop‘

ise;;rm mV [ty I Plot Cument ve. Time | Start Point Delay : W s
Compliance Cumert : OUJEUT Data Interval : m
500 mA _setl | fofData: [1000
[ Auto Range

Status: Ready Total Scanning Time: |39.997 5 Scan Speed:

Screenshot of Galvanostat/Potentiostat tab



[, VMEK-8000 Capacitor and Battery Analyzer - C:\Users\01\Desktop\IV Data\100F com Cap (01655) [0 | I ™5

Charge/Discharge | 1V TIEICEI'I I'\"IPPT] POT/GAL 4 Quadrant -V | Data Sawve Options | Analyzer Settings | Help |

Set Voltage | Set Curent |
|V Curve Parameters

Scan Start Voltage : ’D— mi
Secan End Voltage - ’W mi
Scan Step Value - ’2I}— mi
Total No. of Data Points : ’W

Start Point Delay : ’1I}— ms
Compliance Cumrent : ’W mA
Retention (Holding) Time : [197.550 ms

Scan Speed : 100 mV/s f*

Scaning Method

" From Start Voltage to End Voltage

* Scan| 4  Cycles

Data Plotting Method

{+ Live " After Collecting All Data
START | CANCEL |
Status: Scanning.. _ Scan Time: ,M Scan Speed: ,m
Screenshot of Cyclic Voltammetry tab
[ WMEK-8000 Capacitor and Battery Analyzer - C\Users\01\Desktop\ |V Data\/V_D47 (00236) — O X

Charge./Discharge | IV Tracer MPPT l POT,-'GALI Cyclic Voltammetry ] Data Save Options ] Analyzer Settings ] Help ]

um Pg

1.2564 mW

6.00E-03 |Er
saremed 0.30918 uWh
ien
g 20 5.0257 %
oy Vmpp Impp
E 0.00E00
2 ojo
% 2.00E-03- Linear | Bisection |
£ 10
% 4 00E-03
" From lsc &+ From Voo
-6.00E-03 4 500 [ SettoVee
20
-8.00E-03 . 1 Reset t
s 100 DeefaultD

—— Pmax =—— Vmpp —— Impp

- Values
Data Plotting Interval : 3 =

Stopping Method Display Graph

* Manual (™ ¥ efficiency drops below | 1.000 % * Pmax, Vmpp, Impp - ¥ Show Searching Data

" Automatically after 600 min " FMPP cument drops 0100 ma " Hfficiency Open IV Window

" When total energy  |0.000001 Wh " Total Energy ¥ Auto Save Data Files in Every 2 min
Status: Ready MPP Tracking Time: | 00:00:04 Scan Speed:

Screenshot of solar cell MPPT tab



[ VMK-8000 Capacitor and Battery Analyzer - C\Users\01\Desktoph\IV Data\CC_Charge_Discharg_Data (00298)

(== =]

— Data File Saving Options

CC Charge/Discharge | IV Tracer | MPPT | POT/GAL | 4 Quadrant 1V Data Save Options | Analyzer Settings | Help |

PV Analyzer Data Saving Folder
IC:\Users\m\Desldop\l‘u’ Data

Brows

Data File Name [~ Gerarate Automatically File name suffix —————————
|CC_C}13rge_Di5d13rg_Data | (00239) Reset

— User Settings

Save My Settings

Load My Settings

Comment

This is test comment line 1. Comments may have maximum 5 lines P

m

¥ Save as b file (This text file can be opened with Motepad or WaordPad)
" Save as csvfile (This comma separated values file can be open with Excel)
[ Save as Microsoft Excel file with graphs

Save Cument System Settings

" Save each curve in a separate Excel file
¥ Save curves in a same Excel file untill | close the file

™ Live Update Excel Graph (Attention !!! This option may take long time to complete the graph)

Information:

Status: Ready |

Scan Time: 39997 s Scan Speed: 000 mV/s .

Screenshot showing data saving options

[ VMK-8000 Capacitor and Battery Analyzer - C:\Users\01\Desktop\IV Data\CC_Charge_Discharg_Data (00298)

(o8 =)

' CC Charge/Discharge | -V Tracer | MPPT | POT/GAL | 4 Quadrant IV | Data Save Options  Analyzer Sattings | Help |

— Communication Port ——

Cument - (=200 mA -

% 4 Wire Mode
Conected to
VK-PA-300 Read | Set | 2 Wire Mode

—Measuring Range —— [ System Resst —————
ICOI'u'I25 vl Search ™ Auto Ra
_I o Range - |
Baud Rate
Voltage : ItZ.S W vl
IHEZDD j' Set | Wire Configaration

— ADC Conwversion Time — — Timing Diagram

|4ﬂ'ms vI ™ Auto Select iz
Read | s |
Retertion (Holding) | | o Data
—Compliance Limt —————————— Time rocessing

Time
Positive Current : | 13298 mA
Megative Current: |-1329.8 mA I 50 ms I-ﬁ].-l&'l ﬂ ms
Positive Voltage : W mi
MNegative Voltage : W mY

Period = 90.431 ms

™ Enable Service Mode
r— Calibration Constants

VADCVref : [24890 |V Rshnt047: [004700
ADCVref : [24890  V  Rshnt0.033: [o0.0330
[05.0000 . [ 0320120001

— DAC Calibration Constants

sl

Range LITSeEL (=

[Postivel =] [10A ~] 0 J375
[Pesiive V. ~| [20V  ~| [5 2741

— PGA Calibration Constants

V Range Fero Offset Real Gain

Read | Set ||_ Source Read COM
Iu— Read Amay | | Read Emors

Port
Emor Reporting :

Seff
Diagnosis
Test

)
]
o
o
=
=
m

V-PGA zero offset Clear V-PGA Full Range Set
calibration Cffset Values V Offsat
I-PGA zemo offset Clear I-PGA Custom Range

calibration Offset Values Set V Offset

Status: Ready |

ScanTime: 39997 s Scan Speed: 000 mV/s .

Screenshot of “Analyzer Settings” tab
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Capa

citor and Battery Analyzer
VMK-8000

VMK-8000 Detailed Electrical Specifications

Measuring Technique

Digital Source Meter with 4 probes connection to DUT.

Measuring Range

Voltage: -3to+20V

Current: *8 A Continuous 10 A (pulse)

Specifications of A/D Converters

Resolution: 24 Bit

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

us.

Built-in Voltage Reference Parameters

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

Output Noise : 100 nV/Hz*

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

Range +250 mV +500 mV 1V 2V 4V 8V +18V +20V
Reading 19nV 37nv 74nv 149 nV 298 nV 596 nV 120V 2.4V
Resolution

Setting

Resolution 9.5uv 9.5uv 19.1pv 38.1uv 76.3 Vv 153 pv 305 uv 6010 pv

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)

15 pA 2 pA 1nA
30 pA 5 pA 1nA
60 pA 9 pA 1nA
+125 pA 18 pA 1nA
250 pA 37 pA 1nA
500 pA 74 pA 19 nA
t1mA 148 pA 38 nA
2 mA 295 pA 76 nA
7 mA 887 pA 0.9 uA
14 mA 1.8 nA 0.9 uA
25 mA 3.5nA 0.9 A
+50 mA 7.1nA 2 uA
+100 mA 14 nA 4 pA

+ 250 mA 37 nA 10 pA
+ 500 mA 74 nA 19 pA
+1A 148 nA 38 pA
t2A 282 nA 144 pA
t4A 564 nA 289 pA
+8A 1pA 578 pA
+18 A 2 uA 1.1 mA

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

Web: http:/ /www.spdlab.com/English /VMK-8000.html
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