Unique Features of SPD Lab
PV Power Analyzers

> D

The SPD Laboratory, Inc. has developed its first generation PV Power Analyzer VK-
PA-25 (currently discontinued) with built-in Maximum Power Point Tracking (MPPT)
function in 2015, and then delivered to Prof. Segawa Group at the RCAST, University
of Tokyo. By utilizing this, Prof. Satoshi Uchida has patiently continued his research
on perovskite solar cell (PSC) hysteresis and used MPPT technique to evaluate the
PSC performance for the first time (PSCO-2015, Sep. 25, EPFL; Chem. Lett. 2015, 44, 1750-1752).
The announcement was new to everyone's memory. In particular, it was significant to
clarify that the hysteresis of a stacked PSC was caused by its capacitance component
inside and to make the skeptical researchers mostly from Europe acknowledge its
existence. Also, the MPPT has been gradually used in the real evaluation of solar cell
performance, different from the conventional 1-V curve method, where all of the SPD
Lab’s power analyzers have built-in advanced MPPT algorithms driven in firmware
level by maintaining the cell at the maximum output conditions.
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VK-PA-100

Measure Range

Maximum Measuring
Resolution

Communication
Functions

For More Details

Voltage: +10V to 30 mV
Current: +1 A to 6 pA
Voltage: 2 uV (16-bit ADC)
Current: 14 nA (16-bit ADC)
Bluetooth

|-V Tracer, MPPT, Potentiostat
/Galvanostat, 4 Quadrant |-V, 4 Probe Q
Automatic Light intensity measurement

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

Measure Range

Maximum Measuring
Resolution

Number of Channels
Communication
Functions

For More Details

VK-MPA-100

Voltage: +10V to 100 mV (6 ranges)
Current: +1.2 A to +20 pA (16 ranges)
Voltage: 16 nV (24-bit ADC)

Current: 3pA  (24-bit ADC)

6 (PV), 4 (Light Intensity), 1 (Temperature)
Bluetooth

I-V Tracer with automatic curve fitting,
MPPT, Programmable electronic load,
Continuous plotting of light intensity and
temperature graphs
http://www.spdlab.com/English/VK-MPA-

100.html

VK-PA-300

VK-PA-1000

Measure Range

Maximum Measuring
Resolution
Communication
Functions

For More Details

Voltage: £12V to +150 mV

Current: 24 A to 6 pA

Voltage: 9nV (24-bit ADC)

Current: 0.8 pA (24-bit ADC)

Bluetooth

I-V Tracer with automatic curve fitting,
MPPT, Potentiostat/Galvanostat, Cyclic
Voltammetry (CV) with automatic area
calculation
http://www.spdlab.com/English/VK-PA-

300.html

Measure Range

Maximum Measuring
Resolution

Communication
Functions

For More Details

Voltage: 100V to 500 mV (8 ranges)
Current: 1A to 50 pA (15 ranges)
Voltage: 62 nV (24-bit ADC)

Current: 12 pA (24-bit ADC)

Bluetooth

I-V Tracer with automatic curve fitting,
MPPT, Programmable electronic load.
http://www.spdlab.com/English/VK-PA-
1000.html

VK-PA-8000

Measure Range

Maximum Measuring
Resolution
Communication
Functions

For More Details

Voltage: 20V to +250 mV

Current: #8 A to +15pA

(10 A Pulse)

Voltage: 19 nV (24-bit ADC)

Current: 2 pA  (24-bit ADC)

Bluetooth

I-V Tracer with automatic curve fitting,
MPPT, Potentiostat/Galvanostat, Cyclic
Voltammetry (CV) with automatic area
calculation
http://www.spdlab.com/English/VMK-
8000.html

Measure Range

Maximum Measuring
Resolution

Communication
Functions

For More Details

VK-PA-Pico

Voltage: 10V to 80 mV

Current : £5 mA to +600 pA

Voltage: 2 uV (16-bit ADC)

Current: 17 fA (16-bit ADC)

Bluetooth

Pico Ammeter, Potentiostat, I-V Tracer,
MPPT, 4 Quadrant I-V
http://www.spdlab.com/English/VK-PA-
Pico.html
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(1)

» Determination of true conversion efficiency of a
solar cell is impossible with the I-V curve when it
shows hysteresis effect.

» MPPT is the way to extract true maximum
output power and efficiency of solar cell with
time.

» Taking series of |-V curves with a given time
interval and then plotting the calculated P,
against time will NOT solve the issue. Because
of all I-V curves have two different P, values
for forward and reverse I-V.

» Our VK-PA series analyzers have built-in
advanced MPPT algorithm driven in firmware
level which can continuously maintain the cell at
maximum output conditions.

MPPT Advanced Settings

‘ \F V

MPP Searching Start Direction : () Forward (® Reverse
MPP Searching Start Voltage ml
MPP Searching AV - o[

eset to
MPP Tracking AV : mV | Defaut
Tracking Delay Time : 100 me Values
Plaot Data Interval : 3 5

Stopping Method
(® Manual

() Automatically after mii
() When total energy | 0.000001 | Wh

Linear l Bisection ]
10.000 mA

* From Voc

Searching Start Voltage ©  |650 mV §  Ssttovoc

Searching AV : 20 my
Tracking AV : 1 mY

Retertion (Holding) Time ; | 100 ms
Data Plotting Interval - |3 5

Compliance Curment :
Searching Start Direction :
" From lsc

» Our VK-PA-300 and VK-PA-8000 analyzers offer

two different maximum power point searching
methods.

» “Linear” tab for “Hill climbing algorithm” to find
the maximum power point.

Peasenmatir | Potartiontal | 14 Trvcar| MPFT |4 Quadrart 14 | Datn Sarve Optiena | nalynes Sattes | e

Maximum Power vs. Time

)
ot

| Stata PReady s MPP Tracking Time : (000000 Scan Speed: (135 miifs

» Our user-friendly software interface offers
maximum flexibility to set searching and tracking
parameters.

» Measured power conversion efficiency, maximum
output power, voltage, current, and total energy
are plotted against time on an auto-scaling graph.
Users can view | vs. V plot on a separate graph
during MPPT.

» Optimized two step MPPT algorithm (initial
searching and tracking) used in our analyzers
capable of quickly reaching and keep tracking MPP
without oscillatory behavior.

» Four different conditions can be conveniently
used to automatically stop the tracking process
when condition satisfied.

() ¥ efficiency drops below | 1.000 | %

n () § MPP cument drops

(010 | s

Linear PBisection l

Compliance Current : 10,000 mA
MNumerical differentiation AW : |57 my
Tolerance (g) |17 mY
Retertion (Holding) Time : 100 ms
Data Plotting Interval IEf 5

» “Bisection” tab for “Bisection algorithm” to find
the maximum power point.



1™ VK-PA-300 PV Power Analyzer - C\Users\0T\Desktop\ [V Data\IV_Dataxcv (00012) —

|V Tracer MPPT l POTIGAL] Cyclic Voltammetry ] Data Save Options ] Analyzer Settings ] Help ]
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Data Flotting Interval : |1
Stopping Method Display Graph
& Manual " If efficiency drops below | 1.000 % ¢ Pmax, Vmpp, Impp - [V Show Searching Data
 Auomaticaly after | 600  min I MPP curent drops 0100 ma || Efficiency Open 1/ Window _|
" Whentotal energy |0.000001 Wh " Total Energy ¥ Auto Save Data Files in Every ’T mirn

Status: Ready

MPP Tracking Tire : | 00:00:09 Scan Speed:

» Results of independent measurement on MPPT performed by Prof. Satoshi Uchida’s group at RCAST,
University of Tokyo shows the comparison between SPD Lab VK-PA-Pico and Keysight + add-in-software
measuring systems.
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Keysight 63.8 20.0 (for 198s)
SPD 10.0 1.4 (for 200s)



(2) 1-V Tracing Function:

» All of our PV Analyzers offer conventional |-V > “Auto Reverse” option allow user to plot forwaro

tracing function with following capabilities. and reverse |-V on same graph and analyze
=== hysteresis effertc
e - e — -V Curve Settings
o Current and Power vs. Voltage - ?;EEE;%RW E:EEE Start Voltage : [ wee I mV t
------- = el e S Gl e End Voliage : I ovee [100  mv 2
074 Geomet: Ares Comversion Efciency in) | 00143 %
2= Mermum power poe Yohage (Veep) 12008 ¥ ) K
o //__,/ a0 Step Value |2“ =
- [ —— ) 2H2TTRO .
% . 4(“/ - = : o :f— ::l:imndmhrl G847 MO Total No. of Data Points : I.?lﬁ
d o e £ e INN—— ) Active Area of the Cell : ID.25DD cm?®
22 ]t Geom. Areacfthe Cell :  [1.0000  cm?
L aeg7 Sewn Time LS e
S T e Incident Light Intensity : |1DD.DDD m¥W/em?
o T AE07 Scan Start Voltage l‘i: ::t o
e, o o v Current Limit IH].D mA
Adwarced Y [ START | CANCEL :ﬁr‘m‘rmﬂm mma::m :‘Ix :
_ iy > User can set start, stop, step and select one of
-
Status Fesdy = 0 Sean Time: [9788 s Sean Speed: [153 mitis .
three different scan methods.
— Scan Settings
. [V Mode
Start Point Delay : ID.'IDI] g
) ] ] — & Normal IV " Advanced IV
i Retention (Helding) Time : |0.001 ms
® T ] 100 mV/s " Programed Continuous IV
% [\ Scan Time: 1000 =
™ Auto Reverse » Advanced I-V and “Programmed Continuous |-V”
options are available.
" VK-PA-300 PV Power Analyzer - C:\Users\01\Desktop\ |V Data\newlVData (00073) — O *

Charge/Discharge -V Tracer | MPPTI PDTJ-’GALI Cyclic ‘u’oltamme‘tryl Data Save Options I Analyzer Seﬂingsl Help I

|-V Curve Settings
StartVoltage: [ vec [440  mV t
EndVoltage: [~ weo [100  mV ——
Step Value : Ir my

Total No. of Data Points :  [28°

Active Area of the Cell : ID.Z&DD cm?
Geom. Area of the Cell : |1.DDDD cm?

Current and Power vs. Voltage

:::: = 2 8E-034 Y Incident Light Intensity : |1DD.DDD mWrcm?
E B E . :

£ s -5 0E-04 £ Compliance Cument : |1D mi,
= E:

= ] ANEon H ; : ; ; ; T — Scan Settings

:::: -1 -01 o0 OO O01 01 02 02 03 03 Start Paint Delay - IW s

¢ Retention (Holding) Time : |m ms

= " Scan Speed : 213 mV/s
|V Scan Time 2539 s
[ AmtoR
B2 Voltage (V) -1.5E-03 0 heverse
+ Cument =— Power = FittedCurve r Setyscaleto 0 — Data Plotting Method

* Llive ( After Collecting All Data

I}V Curve Results

. —_— —_—— IV Mode
Open Circuit Voltage (Voc) © | 361.59 mV Mazximum Power Point V (Vmpp) : | 200.60 mV
- P — e & Nommal IV " Advanced IV
Short Circuit Current (Isc) : | 4.3275 mA Maximum Power Point | (Impp) : | 2.3409 mA
Short Circuit Current Density (Jsc) : | 17.310 mAlcm ™2 Maximum Output Power (miaf) - | 469.60 uW " Programed Continuous IV
Fill Factor (FF) : |0.300 Estimated Series Resistance (Rs): |39.859 0
fmmEm B 1 [ % Estimated Shunt Resistance (Rsh) . | 103.76 Q START | CANCEL |
Geometric Area Con. Efficiency (n) : |0.470 % IV Perform Curve Fitting  Fit Again | Stop |
Status: Ready | Scan Time: (28065  ScanSpeed:|192mV/s .

Automatic curve fitting function is applicable to fit the I-V data with two diode model and calculate various
parameters.




oS! IV Curve Fitting Details — O

q (V+IRS) q (V+IRS) V+ R
— — —_—— S
[ =1, — [k e J — 1| =], |ekT\ np /-1 ——=2
ph s1 52 R
sh
— Optimized Fitting Parameters — Calculated Result
Light generated cument : Iph = |D.00500351 From Fitting From IV-Curve
Rewverse breakdown cument : Is1 = |1.994063E-09
Masximum Power Point V (Vmpp) : | 211.40 mV |200.60 mv
Recombination cumrent : Is2 = 7.881850E-10
Maximum Power Point | (Impp) : | 2.1898 mA |2.3400 mA
Series resistance : Rs = 13.430513
hurt resistance - Rsh < IW Maximum Output Power (Pmax) |-1-62.9'D uW |-1-69.6D uW
Diode 1 ideaity factor -n1 = [i0s203 Shunt Resistance (Rsh) : |85.9290 [103.76 @
Diaide: 2idedity fodior -n2 = [1:794128 Series Resistance (Rs) [134310 139.8590

Standard Emaor ID.DDDD-!&-#

of the Estimate : o®=

— Stopping Conditions

Maximum Mumber of terations : IEDDD
Stop Keration if o®less than : ID.DDDDS

Fit Again Stop Fitting |

Calculated fitting parameters. This will show the difference of parameters calculated form the fitted curve
and direct |-V data.

(This function is available on VK-PA-300 and VK-PA-8000 )

(3) Advanced I-V Tracing Function:

» This function allows user to change the
following settings during |-V tracing and

B4 Advanced I-v Settings -IV_Dataxcv (00024) — O X

observe transient behavior of the cell. Current and Voltage vs. Time
1. Start point holding time
2. End point holding time g
3. Current vs. time plot (I-t) for each B0 U we A =4 f‘“ ¢
data point — Comneira) — v

4. |-t plot for given fixed voltage in the

middle of |-V curve. [ dvanced IV Setngs
Holding Time 1 4
2 =N [ Startlvs.tFlotat: | 250 mV
Data Interval : —— | N Total |-t plotting time : ITS
0 |1Dms j' Stop | va.t Plot | : Number of Data : I 300
® [f & 1 Datsinterval - @ [10ms
I3 Automatically Start Reverse Curve v X Halding Time |3 s




> Pico ammeter function allow user to measure
true short circuit current of PV device with 0 V
voltage drop across the PV device.

» Analyzer uses trans-impedance amplifier with less
than 4 pV offset and 0.015 uV/C’ offset drift to
perform this operation.

> VK-PA-Pico can reach the maximum measurement
resolution of 17 fA.

. Auto Offset
Cffset nulling oo
- Calibration
(Extemnal) (intemal)

» Two automatic calibration functions allow user to
null the thermoelectric current generated from
dissimilar metal contacts in the circuit and
measure only the photo current.

» Potentiostat function allow user to set the desired
constant voltage across the sample and measure
voltage current, resistance , and power.

> Galvanostat function (except VK-PA-Pico) allow user
to set the desired constant current through the
sample and measure voltage, current, resistance ,
and power.

» User can plot voltage , current, and power with
the time under the given set voltage or current.

Measure Shart
Circuit Current

Measure Open
Circuit Voltage

Plot Yoo and Isc

t_Voc W s U Auto
t_lsc W 5
t_Total : |60 5
Interval : IW 5
Flat Interval : |17 8
Voo lsc Stop

» “Plot Voc and Isc” special function allows user to
plot the behavior of solar cell when it switched
from open circuit to the short circuit condition and
backward condition intermittently.

QT ——

Saatus

(This function is available on VK-PA-Pico only)

& VK-PA-Pico
..

1.0004 V
125.38 nA

SPD Laboratory, Inc. JAPAN

PV Power Analyzer |
000 R

Status

Show Power Offset nuling [ Auto Offset
alibratior

Show Resistance  Extemal

foLo Sense LO

000

Sense HI /O Hi

(58

Power (') & Cun

ARRRNRRN AR ERRRRRE Toust Scanving Time :[1680%  $can Speed



» This function allow user to plot CV curve of a
sample.

4-WIRE INPUT/
SENSE OUTPUT

» User can set the following parameters.

Set Voltage l

CV Curve Parameters

Scan Start Vaoltage - II}i mY/
Scan End Voltage : W mY
Date Reading Step : lmi mY
Total Mo. of Data Points lr
Compliance Cument : W mA
Scan Speed : |57 mY//s
Mo of Cycles I.'Zi

Start Point Waiting - 1000 ms
\_‘____._____/

» User can use two or three electrode configuration
» The inside area of each curve is automatically to connect sample with the analyzer.
calculated by the anlyzer software.

[*. VMEK-B000 Analyzer Software - a x

Set Voltage

CV Curve Parameters

Scan Start Voltage : ’D— mY
Scan End Voltage : ’W mYy
Date Reading Step : "H}— mY/
Total Mo. of Data Points ’35—
Compliance Cument : ’W mA
Scan Speed : ’5— m\//s
Mo. of Cycles : ’2—

Start Point Waiting : W ms

Cyclic Voltammetry Curve

Cycle # | Absolute Area (VA)

25 1.59717945E-03 ~
26 1.59783727E03
27 1.58464717E03
28 1.58056373E-03
23 1.57275130E-03
30 1.57150033E-03 v

ADC Conversion Time

16.7ms -
“oltage (V)
START | CANCEL |

Screen shot of a Cyclic Voltammetry curve showing calculated absolute area inside each cycle



(7)

» The control software of our PV analyzer

g Charge/Diachamgn | 1% Tracer | MPET | POT/GAL | Cyche Voltammetry Dt Save Options | frulyrer Setiigs | Help |
can  automatically generate  fully ST o
formatted Microsoft Excel workbook s | mmsarn |
g Gl Nt T 3 - File riams s.ffs
with data and graph. e —— (080 fwa | s
y X § ; comment ine 1 Commenta may have masmm 5 inea S Dt S S
I¥ Save as it file (This text file can be opened with Notepad or WordPad) miitim
[ Save as csv file (This comma separated values file can be open with Excel)
¥ Save sa b e (This 1ot fle can be coened wih Notepad or WordPad)
: o ¥ Onen CV dtafin
[ Save as Microsoft Excel file with graphs Save a1 cav e (This sepacated vahuta fle can be cpen weth Excel) and recacksdste
Save 81 Mermack Excelfie weh grashs .
» Text file (.txt) and comma separated text
Fézmation
(.csv) format file saving is also possible.
| Statuz: Reasy Sean Time: [ 0.0005  Scan Speed : (000 mi/s
Oa =, = IV_Data (00001).xlsx - Microsoft Excel = O *
>y Home Insert Page Layout Formulas Data Review View Developer Add-Ins Load Test Acrobat Team @ - = x
=] % - T == = | ) I} || = Insert ~ F- A
J Calibri 12 <A A = = =||&8| =1 Wrap Text General - = ‘d ﬁd ?? j‘v}
3 == =3 =32 I Delete ~ j > =
Paste ras Merge & Center = $ - % o+ ||/%8 ;% Conditional Format  Cell e . Sort& Find &
- = 2 = i Formatting ~ as Table = Styles - || (2l Format = || £/~ Filter~ Select~
Clipboard ™ Font (F] Alignment P} Mumber (F Styles Cells Editing
Al - fe | VK-PA-300 PV Power Analyzer (Ver. 6.1.3.17) PV I-V Data
A B c D E F G H =
1 |\FK—PA—3(X) PV Power Analyzer (Ver. 6.1..‘-‘,1}'} PV IV Data VK-PA-300 PV Power Analyzer (Ver. 6.1.3.17) PV I-V Data =
2 Date =[4/19/2020 Date =|4/19/2020
3 Time =[7:29:17 PM Time =|7:29:47 PM
Comment = Comment =
a
5 Open Circuit Voltage (V,.) =[3.4316E-01 v Open Circuit Voltage (V,.) =|3.4274E-01 v
6 Short Circuit Current (l,.) = 4.0490E-03 A Short Circuit Current (1.} =[4.0311E-03 A
7 Short Circuit Current Density (I, =(1.6196E-02 Afcm?® Short Circuit Current Density (1., =|1.6124E-02 Afcm?
8 Fill Factor (FF) =|0.300 Fill Factor (FF) =|0.299
9 Efficiency (active area)=|1.666 % Efficiency (active area)=|1.654 %
10 Efficiency (geom. area)=|0.416 % Efficiency (geom. area)=|0.414 %
11 Voltage at Max Power Point (V) =|1.9978E-01 v Voltage at Max Power Point (V,,,) =|1.9978E-01 v
12 Current at Max Power Point (l,;,) =|2.0846E-03 A Current at Max Power Point (1,,,) =|2.0701E-03 A
13 Max power =(4.1647E-04 W Max power =|4.1355E-04 w
14 Active Area =|0.2500 cm’ Active Area =|0.2500 cm’
15 Geometrical Area =|1.0000 cm’ Geometrical Area =|1.0000 cm’
16 Light Intensity =| 100.000 mW,,n’n:m2 Light Intensity =(100.000 mW,,n'cm2
17 (1) Retention (Holding) Time =|7.899 ms. (1) Retention (Holding) Time =|7.899 ms
18 (2) Scan Speed =|778 my/s (2) Scan Speed =|778 mv/s
15 (3) Scan Time =1 5 (3) Scan Time =1 5
20 User Setting =|1 3 User Setting =[1 3
21 ADC integration Time =|16.667 ms ADC integration Time =(16.667 ms
22 Total waiting time per ADC reading =|17.101 ms Total waiting time per ADC reading =[17.101 ms
23 Total holding time at each volatge step =|40.223 ms Total holding time at each volatge step =|40.223 ms
24 Voltage Measuring Range =|625 +mA Voltage Measuring Range =|150 +mA
25 Current Measuring Range =| 25 +mvV Current Measuring Range =(14 +mvV
26 Measured Scan Time =|1.332 5 Measured Scan Time =|1.332 5
27 Series Resistance (R.) =[43.501 (] Series Resistance (R.) =[43.366 (]
28 Shunt Resistance (R, ) =[106.625 (] Shunt Resistance (R.y) =|106.979 ]
29 Software Version =[6.1.3.17 Software Version =(6.1.3.17
30 Firmware Version =/ 20.20.04.19 Firmware Version =(20.20.04.19
31 Serial Number =[1220160002 Serial Number =[1220160002
32 Time (s) Voltage (V) Current [A) Power (W) Time (s) Voltage (V) Current (A) Power (W)
33 1.247900E-01 4 8847E-01 -9.9932E-03 -4 8814E-03 0.124789998 0.438080591 -0.009993239
34 1.583010E-01 4 3846E-01 -9.9934E-03 -4 8813E-03 0.158300996 0.488074094 -0.009993344 -4 8775E-03
35 1.918110E-01 4 3845E-01 -9.9933E-03 -4 8812E-03 0.191811994 0.4838040417 -0.009993091 -4 8770E-03
3h 2 253220F-01 4 RRASF-N1 -9 9935F-N3 -4 RR13F-N3 0 225321993 0 4RRAN33R31 - 00999294A -4 A7RAF-N3 T
W 4 b M| PV IV data ~ MPPT vs. time data 1V data PV It data CC Charge Discharge data PV IV Chart MPPT Chart -~ CV Chart -~ PV I+t Chai[d »
Ready | ([ O | oo =) Y Hs

Example of Excel file for I-V data generated from VK-PA-300



(8) Advanced User Settings:

» Our analyzers allow more flexibility to modify and

. [ w-Pa- 200 PV Pewer Analyzer Sottware =] x
monitor hardware ° 4 Tracer | MPPT | POT/GAL | Cyckc Votmmmetry | Duta Save Opsons Analyast Setings | Hep |
— Timing Diagram T i 5 i
g]s i =y - A == =
setV2 oo i | I " N —
Cornect bo VK-PA-300 Feod | Sa | o ke DAC Caltraion Coratrts -
D T e 1 HJ!—|
. ” ata [oim =] I Ao Seinct v BV AF
Retention {Holdin i
SEt"u"'I 'l"' { g} || Pmmng Flead I S I a‘ J_ [ P Casbrgton Cormiants
ime m— e J—_[ '_ '_
TimE" Sat Clarvent I m=
Comp Cument: [ na '_"' e <] des) = '—'—
[ ] " ; ™
[ 1 ms  Josmz <]m e — || e [ e
s _resd | o Pesthoy | PN | o [ -
P — —]4—J Fosd _J | _Swvmie EEPROM
. IW 7 s Commct Offamt
Iﬁl{l= I_4m ms3 ™ Show Ve |
v 2s, | v | oy |
e e |
RN ST | Scan Tine: [00005_ Scan Speed: (000 mls

» Timing diagram will show you the details of real
timing of voltage set point and data reading point.

— ADC Conversion Time
™ Auto Select
10ms ~
2ms Set |
| [1ms
— (500 us
267 us I_
133 us —
66.7
Lis - I mA
m _—

» User has access to change the integration time of
Analog to Digital Converter (ADC).

System Feset

Reset |

Wire Configaration
i 4 Wire Mode
2 Wire Mode

» Analyzer can be “Reset” using the software
button remotely.

» Four or two wires configuration can be selected.

(9) Wireless Bluetooth Connection:

» Control command and data communication
between PV analyzer and a computer is
established by a Bluetooth communication.

» There is no wire connections between PV power
analyzer and the computer where you installed
the control software.

» User can conveniently place PV analyzer and
computer in a two separate places in the
laboratory.

\E§ Bluetooth

08/12/20
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