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2. Important User Information 
 

Thank you for using EKO Products 

 

Make sure to read this instruction manual thoroughly and to understand the contents before starting to operate the 

instrument. Keep this manual at safe and handy place for whenever it is needed. 

For any questions, please contact us at one of the EKO offices given below: 

 

 

2-1. Contact  Information  

 

EKO INSTRUMENTS CO., LTD. 

Asia, Oceania Region   

www.eko.co.jp 

info@eko.co.jp 

EKO INSTRUMETNS Co., Ltd. 

1-21-8 Hatagaya, Shibuya-ku 

Tokyo, 151-0072 Japan 

 

Tel: +81 (3) 3469-6711 

Fax: +81 (3) 3469-6719 

Europe, Middle East, Africa, South America Region 

www.eko-eu.com 

info@eko-eu.com 

EKO INSTRUMENTS Europe B.V. 

Lulofsstraat 55, Unit 32, 

2521 AL, Den Haag, The Netherlands 

 

Tel: +31 (0)70 3050117 

Fax: +31 (0)70 3840607 

North America Region 

www.eko-usa.com 

info@eko-usa.com 

EKO INSTRUMENTS USA Inc. 

95 South Market Street, Suite 300 

San Jose, CA 95113 USA 

 

Tel: +1 408-977-7751 

Fax: +1 408-977-7741 

 

 

2-2. Warranty and Liabi l i ty  

For warranty terms and conditions, contact EKO or your distributor for further details. 

EKO guarantees that the product delivered to customer has been verified, checked and tested to ensure that 

the product meets the appropriate specifications. The product warranty is valid only if the product has been 

installed and used according to the directives provided in this instruction manual. 

 

In case of any manufacturing defect, the product will be repaired or replaced under warranty. However, the 

warranty does not apply if: 

ü Any modification or repair was done by any person or organization other than EKO service 

personnel. 

ü The damage or defect is caused by not respecting the instructions of use as given on the product 

brochure or the instruction manual. 
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2-3. About  Instruct ion Manual  

Copy Rights Reserved by EKO INSTRUMENTS CO., LTD.  Making copies of whole or parts of this 

document without permission from EKO is prohibited. 

This manual was issued: 2016/09/26 

Version Number:  8 

 

 

2-4. Envi ronment  

 

1. WEEE Directive 2002/96/EC 
(Waste Electrical and Electronic Equipment) 

This product is not subjected to WEEE Directive 2002/96/EC however it should not be mixed with general 

household waste. For proper treatment, recovery and recycling, please take this product(s) to designated 

collection points. 

Disposing of this product correctly will help save valuable resources and prevent any potential negative 

effects on human health and the environment, which could otherwise arise from inappropriate waste 

handling. 

 

2. RoHS Directive 2002/95/EC 
EKO Instruments has completed a comprehensive evaluation of its product range to ensure compliance with 

RoHS Directive 2002/95/EC regarding maximum concentration values for substances. As a result all products 

are manufactured using raw materials that do not contain any of the restricted substances referred to in the 

RoHS Directive 2002/95/EC at concentration levels in excess of those permitted under the RoHS Directive 

2002/95/EC, or up to levels allowed in excess of these concentrations by the Annex to the RoHS Directive 

2002/95/EC. 
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2-5. CE Declarat ion  

 

 

 

 

 

 

 

DECLARATION OF CONFORMITY 

We:  EKO INSTRUMENTS CO., LTD   

1-21-8 Hatagaya Shibuya-ku, 

Tokyo   151-0072 JAPAN  

Declare under our sole responsibility that the product:  

Product Name:  I-V Curve Tracer, PV Selector, TC Selector 

Model No.:   MP-160, MI-510/MI-520/MI-530/MI-540 

To which this declaration relates is in conformity with the following harmonized 

standards of other normative documents:  

Harmonized standards: 

  EN 55022:1998+A1+A2 Class A (Emission)  

EN 55024:1998+A1+A2        (Immunity) 

    EN 61000-4-2     EN 61000-4-3 

    EN 61000-4-4     EN 61000-4-5 

    EN 61000-4-6     EN 61000-4-8 

EN 61000-4-11 

 

Following the provisions of the directive: 

EMC-directive : 89/336/EC 

Amendment to the above directive : 93/68/EEC 

 

 

  Date:                             Apr. 24, 2009                                

 

  Position of Authorized Signatory:      Deputy General Manager of Quality Assurance Dept. 

 

  Name of Authorized Signatory:          Shuji  Yoshida                            

 

   

  Signature of Authorized Signatory:                                                
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3. Safety Information 
 

EKO Products are designed and manufactured with consideration for safety; however, please make 

sure to read and understand this instruction manual thoroughly to be able to operate the instrument 

safely in the correct manner. 

 

 WARNING 
CAUTION 

Attention to user; pay attention to the instructions given on the 

instruction manual with this sign. 

 

 HIGH 
VOLTAGE 
WARNING 

High voltage is used; pay special attention to instructions given on 

this instruction manual with this sign to prevent electric leakage 

and/or electric shocks. 

 

3-1. WARNING/CAUTION 

 

1. Installation 
Do not use in a place where the device will be exposed to vibration or mechanical impact, high humidity or 

dust, extreme temperature changes, and/or near existence of strong electromagnetic field.  These will lead 

to instrument defects. 

 

 

2. Handling 
ü Do not use these instruments for any other purpose than the intended use. 

ü Do not disassemble, modify or touch inside of these instruments unless instructed in the manual. 

ü If smoke or odor from these instruments is noticed, immediately turn OFF the power switch. 

 

3-2. HIGH VOLTAGE WARNING 

 

ü When connecting and disconnecting these instruments to and from PV device, always check the 

connector areas before operating for any risks of electric shocks by using voltage tester and so on. 

ü Ground the PV devices and all the other devices around by grounding cable.  If it is not appropriately 

grounded, it may cause electric shocks and/or electric leakage accidents. 

ü Do not touch the terminal blocks and the outlet of power sources with wet hands. It may cause an 

electric shock or short circuit. 

ü When using MP-160, turn OFF and disconnect powers of the PV device and all the other devices including 

inverter, then take measurement in a condition which is not connected to anything other than MP-160. 

ü Always use the connecting terminals and cables which meet the rating capacity of the PV device, and 

make sure to connect securely so that they will not come off from the connector. 

ü Before switching on the instrument check the rated voltage and type of the power supply (AC/DC). 
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4. Introduction 
 

The MP-160 I-V tracer is the best solution for testing single or multiple solar cell- or module characteristics in 

combination with a solar simulator or natural sun light. It can be found in factory quality control applications or 

outdoors long term performance assessment studies of modules exposed to natural conditions. The cell or module 

performance characteristics are determined by changing the electrical load during the I-V sweep. The radiant 

energy on the module energy can be measured simultaneously with the voltage and current measurements 

necessary to calculate to STC or equivalent standards.  

By combining with each of the switching units (MI-510/MI-510S/MI-520/MI-530/MI-540/MP-303), any type of 

measurement system can be configured using multiple modules, pyranometers, and thermopiles. 

 

Why performing long term testing? 

Solar cells and modules usually show a gradual performance decline when deployed outdoors and exposed to 

environmental conditions. EKO evaluation systems are designed to measure the performance characteristics and 

maximum output power of solar cells and modules. Those are measurement quantities that physically correlate to 

the incident irradiance and electric load, the spectral efficiency which is strongly depending on the solar spectrum 

and other electrical properties e.g. the diode characteristics and internal resistance affecting the cell efficiency. To 

get a proper understanding of the individual performance parameters or characteristics relative to the influencing 

measurement conditions, special measurement equipment is required. For this purpose EKO offers an adequate 

measurement solution for most relevant quantities. 

To test the long term stability of PV modules, most obvious with EKO's MP-160 based outdoors test system the I-V 

characteristics of PV cells and modules can be measured simultaneously with various meteorological components 

like irradiance, wind, humidity and pressure. The PV measurement system is based on a single or multi channel 

I-V curve tracer with module switching units and data logger. 

With EKO's indoor test system cells can be tested in a controlled environment according to the several test 

standard defined to measure module performance and stability. 

The outdoor Photovoltaic (PV) module(s) evaluation system based on the MP-160 is designed to measure I-V 

curve and module back-side temperature to evaluate the variance of the performance of each module under 

natural sun light and environmental conditions. The main instrument is I-V curve tracer MP-160 with additional PV 

modules selector, thermocouples selector and pyranometer selector can be connected to MP-160 according to the 

required quantity of PV modules. The measurement software ñMP160o.exeò controls MP-160 and selectors. I-V 

curve, temperature and solar irradiance of each module are measured one by one sequentially. By setting the start, 

finish time of the day and time interval, the system measures all modules uninterrupted over a long period of time. 
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4-1. Main Features  

I-V Curve Tracer MP-160 is applicable to all types of modules. 

The main features of the hardware and software for each, outdoor and indoor measurement systems are 

listed on the table below: 

 

Table 4-1. Hardware Features 

Hardware Features Outdoor Measurement Indoor Measurement 

Connecting with Pyranometer   

Connecting with Reference Cell   

Connecting with Thermocouples, 2channels   

Multi-channel measurement by combining with module 

switching unit (MI-510/520)  
 - 

Multi-channel measurement by combining with 

thermocouple switching unit MI-540  
 - 

Multi-channel measurement by combining with 

pyranometer switching unit MI-530 (pyranometer up to 5 

units can be connected) 

 - 

Interlocking with solar simulator shutter - * 

*Requires modification with additional parts and software with shutter control function 

 

 

Figure 4-2. Software Features 

Software Features Outdoor Measurement Indoor Measurement 

Manual Measurement   

Continuous Measurement  - 

Assigning the number of measurement up to 10 times 
 

 

Superimposing I-V curve graphs -  

Rs calculation using JIS8913 Standard -  

Manual Range Measurement   

Automatic Range Measurement by connecting with 

Pyranometer 
 - 

Selection between T-type Thermocouple and K-type 

Thermocouple 
 - 

Module back side temperature measurements in 2 

locations per one module  
 - 

Sweep in Voc Ą Isc direction   

Sweep in Isc Ą Voc direction  - 

Averaging I-V curve -  

Processing moving average for I-V curve   

STC Conversion   
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Figure 4-2. Software Features ï Continued 

Software Features Outdoor Measurement Indoor Measurement 

Interlocking with solar simulator shutter - ** 

Automatic CSV conversion during measurement  - 

Convert multiple data into CSV in offline condition  - 

Show data in specific time period  - 

Select data from specific time period  - 

Filtering function for data by irradiance  - 

**Requires software with shutter control function 
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4-2. Package Contents  

Check the package contents first; if any missing item or damage is noticed, please contact EKO immediately. 

 

Table 4-3 Package Contents for MP-160 

Standard Items Qty. Remarks 

MP-160 1  

Power Cable 1 Cable length: 2.5m 

Communication Cable 1 RS-232 Cross Cable, Length: 1.5m 

Inspection Report 1  

Software and Instruction Manual 1 CD-ROM (mp160o.exe Outdoor application) 

 

 

If any of the switching units are purchased together with MP-160, following items are included in the 

packaging for each switching unit.  Note that each type switching unit has different contents. 

 

Table 4-4 Package Contents for MI-510/510S /MI-520, and MP-303 

Standard Items Qty. Remarks 

MI-510/510S /MI-520 or MP-303 1  

Power Cable 1 Cable Length:  2.5m 

Switching Control Cable 1 Cable Length:  Approx. 60cm 

PV Junction Cable 1 Cable Length:  Approx. 60cm 

Inspection Report 1  

 

Table 4-5 Package Contents for MI-530 

Standard Items Qty. Remarks 

MI 530 1  

Power Cable 1 Cable Length:  2.5m 

Switching Control Cable 1 Cable Length:  Approx. 60cm 

Inspection Report 1  

 

Table 4-6 Package Contents for MI-540 

Standard Items Qty. Remarks 

MI 540 1  

Power Cable 1 Cable Length:  2.5m 

Switching Control Cable 1 Cable Length:  Approx. 60cm 

T-type Thermocouple Junction Cable 1 Cable Length:  Approx. 60cm 

Signal Junction Cable 1 Cable Length:  Approx. 60cm 

Inspection Report 1  
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5. Getting Started 
 

 

5-1. MP-160 Parts Name and Descript ions  

Each part name and its main functions are described below. 

 

 
1. Front Panel 
 

 

 

 

 

 

 

 

 

 

 

 

STAND BY LED: Blinks when the measurement is ready to start measurement. 

RUN LED: Blinks during the measurement. 

POWER Switch: Power switch. 

 

 

2. Rear Panel 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

POWER STAND BY LED       RUN LED 

  Figure 5-1. Front Panel 

Figure 5-2. Rear Panel 

PV Module INPUT 

GND Terminal Reverse Bias Switch 

PV SELECTOR 

RS-232C Connector 

Terminals for Irradiance Sensors 

Fuse Holder 

AC Inlet 
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Figure 5-4. PV INPUT Terminal 

 

3. Terminals for Irradiance Sensors 
 

 

 

 

 

 

 

 

RAD Terminal: Pyranometer input channel 

REF Terminal: Reference cell input channel (external shunt resistance) or photo-detector  

TEMP1 and TEMP2 terminals: 
2ch. Thermocouple terminals 

T-type or K-type thermocouple can be selected from software. 

Do not touch: 
Terminal for terminal block reference temperature measurement (Do NOT 

touch this terminal!) 

 

 

4. PV INPUT Terminal (4Wire) 
Connecting the PV cell or Module to the MP-160 make 

sure to switch OFF the mains power and disconnect 

from all ancillary electronic equipment (e.g. inverter). 

Wear electric insulated gloves to protect from electric 

shocks while connecting the PV cell or module to the 

MP-160. 

 

+S, +: (+) PV cell or module input terminal 

-S, -: (-) PV cell or module input terminal 

 

 

5. Reverse Bias Switch 
Reverse bias switch for -9V or -6V bias Voltages to compensate for voltage drop in 

cables to Isc point on I-V curve. 

 

When measuring a low capacity single cells (such as DSG), switch to -6V 

otherwise the cell could be damaged when a reverse-bias is applied. 

 

Figure 5-3. External Instruments Terminals 

Figure 5-5. 

Reverse Bias Switch 
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5-2. Swi tching Units :  Parts  Name and Descript ions  

 

1. MI-510 /MI-510S (6ch.) & MI-520 (12ch.) 
PV Module Switching Unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-1 MI-510/MI-520 Name and Function 

 Names Function & Details 

1 Power switch 
ONĄ Power ON and lamp will be lit 

OFFĄ Power OFF 

2 Channel Lamp (1~6) 
MI-510/510S: CH1~CH6 LED of selected channel will 

turn on. MI-520: CH1~CH12 

3 PV LOAD IN 
MI-510/510S: CH 1 to 6, + and - Connect the current output 

cables of PV modules MI-520:  CH 1 to 12, + and - 

4 PV SENCE IN 
MI-510/510S: CH1 to 6, + and - Connect the voltage output 

cables of PV modules MI-520: CH1 to 12, + and - 

5 AC Inlet Apply AC100 - 240V, 50/60Hz 

6 Fuse holder 1A fuse 

7 GND Terminal Grounding terminal 

8 CONT. IN/OUT Connector 

2 CONT. IN/OUT connectors available. 

One is for connecting with MP-160 ñPV SELECTORò connector, and another 

is for additional switching device (MI-510, MI-520, MI-530 or MI-540). 

MI-510 and MI-520 can connect maximum of 4 units each. 

9 PV OUT Terminal 

Connect 4-wire PV cable to PV INPUT of MP-160 

Voltage Terminal:  +S and ïS Terminals 

Current Terminal:  + and ï Terminals 

 

 

 

 

 

Figure 5-6 MI-510/510S & MI-520 Front and Rear Panel 

MI-510/510S Front Panel 

1 
2 

MI-510/510S Rear Panel 

3 

4 

5 6 7 
8 

9 

MI-520 Front Panel 

1 
2 

MI-520 Rear Panel 

3 

4 

5 6 7 8 9 
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2. MI-530 5-Channel Pyranometer Switching Unit 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-3 MI-530 Name and Function 

 Names Function & Details 

1 Power switch 
ONĄ Power ON and lamp will be lit 

OFFĄ Power OFF 

2 Channel Lamp (1~5) LED of selected channel will be lit 

3 Fuse holder 1A fuse 

4 AC Inlet Apply AC100 - 240V, 50/60Hz 

5 GND Terminal Grounding terminal 

6 CONT. IN/OUT Connector 

2 CONT. IN/OUT connectors available 

One is for connecting with ñCONT.IN/OUTò connector on MI-520 or 

MI-540, and another is for additional switching device. (MI-510, MI-520, 

MI-530 or MI-540) 

7 RAD. IN Terminal (1~5ch.) Connect the pyranometers    CH 1 to 5 (+/-) 

8 RAD. OUT Terminal Selected pyranometer output terminal to MP-160 ñRAD +, ïñ terminal. 

 

 

 

 

 

 

 

 

 

 

 

 

1 
2 

3 

4 5 

6 7 

8 

Figure 5-7.  MI-530 Front & Rear Panel 

MI-530 Front Panel 

MI-530 Rear Panel 
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3. MI-540 12-Channel Thermocouple Switching Unit 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-4 MI-540 Name and Function 

 Names Function & Details 

1 Power switch 
ONĄ Power ON and lamp will be lit 

OFFĄ Power OFF 

2 Channel Lamp (1~12) LED of selected channel will turn on. 

3 TEMP. IN Terminal 
Connect the T-type thermo couple of PV modules 

CH 1 to 12, + and - 

4 AC Inlet Apply AC100 - 240V, 50/60Hz 

5 Fuse holder Use 1A fuse 

6 GND Terminal Grounding terminal 

7 CONT. IN/OUT Connector 

2 CONT. IN/OUT connectors available. 

One is for connecting with ñCONT.IN/OUTò connector on MI-530, and 

another is for additional switching device. (MI-510, 520, 530 or 540) 

8 TEMP. OUT Terminal 

TEMP.1 (+, -): Connect with junction cable for T1 to TEMP1 (+. -) 

terminal of MP-160. 

TEMP.2 (+. -): Connect with junction cable for T2 to TEMP2 (+. -) 

terminal of MP-160. 

9 Do not touch 
Reference point of the instrument temperature. 

Please do not touch this point. 

 

 

 

 

 

 

3 

8 

4 5 6 

7 

9 

Figure 5-8. MI-540 Front & Rear Panel 

MI-540 Front Panel 

MI-540 Rear Panel 

1 
2 



EKO INSTRUMENTS CO., LTD. MP-160 I-V Curve Tracer Instruction Manual Ver.8 Pg. 15 

4. MP-303 System Switching Unit 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5-4. MP-303 Name and Function 

 Names Function & Details 

1 Power Switch 
ONĄ Power ON and lamp will be turn on 

OFFĄ Power OFF 

2 Channel Lamps CH1 ~ CH6 LED of selected channel will turn on. 

3 PV OUT Terminal 

CH 1~ CH6 

Voltage Terminal: S & S Terminals 

Current Terminal: &   Terminals 

Can be connected to PV module 

loaded side terminal, MPPT, and 

other loads. 

4 PV IN Terminal 

CH 1~ CH6 

Voltage Terminal: S & S Terminals 

Current Terminal: &   Terminals 

Connect to PV module 

5 AC Inlet Apply AC100 - 240V, 50/60Hz 

6 Fuse holder 1A fuse 

7 GND Terminal Grounding terminal 

8 
CONT. IN/OUT 

Connector 

2 CONT. IN/OUT connectors available. 

One is for connecting with MP-160 ñPV SELECTORò connector, and another is for 

additional switching device (MP-303, MI-510, MI-520, MI-530 or MI-540). 

MP-303 can connect maximum of 4 units. 

9 
SEL. PV OUT 

Terminal 

Connect to ñPV INPUTò terminal on MP-160 

Voltage Terminal:  +S and ïS Terminals 

Current Terminal:  + and ï Terminals 

Figure 5-9. MP-303 Front Panel & Rear Panel 

MP-303 Rear Panel 

MP-303 Front Panel 

1 

2 

3 

4 

6 5 7 8 9 
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6. Outdoor Measurement System Setup 
 

6-1. Measurement System Conf igurat ions 

With MP-160 I-V curve tracer, there are mainly two ways to setup for outdoor cell or module performance 

measurements.   

 

 

1. Basic System Configuration 
Single PV module Measurement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Connect PV module to PV INPUT terminal on the rear panel of MP-160 with 2 of each + and ï cables. 

NOTE:  By connecting the 2-wire with jumper will cause unstable measurement. 

 

2) Attach the thermocouple to the back side of PV module and connect the other end to TEMP1 on the 

terminals for meteorological instruments. 

See [Appendix A-2. Measuring PV Module Back Temperature] for how to attach the thermocouple to the 

back side of PV module. 

 

Use TEMP2 terminal for measuring ambient temperature for single module measurement.   

When using switching unit with outdoor version software, only TEMP1 is available.  TEMP2 is not 

available as it will be used with thermocouple switching unit and for transferring terminal temperature of 

switching unit. 

 

 

 

 

 

 

 

Figure 6-1. Connecting Only the Main Unit 

MP-160 

  RS-232C 

PV Module 
Thermocouple  

(Module backside temperature) 

 PC 

Sun 

Pyranometer 

Reference 

cell 



EKO INSTRUMENTS CO., LTD. MP-160 I-V Curve Tracer Instruction Manual Ver.8 Pg. 17 

Table 6-1. Functions of TEMP1 & TEMP2 Terminals 

Measurement Condition TEMP1 TEMP2 

Only MP-160 

Indoor 

Software 

Temperature 1ch 

Measurement 

Module Backside 

Temperature 
Temperature, etc. 

Outdoor 

Software 

Temperature 1ch 

Measurement 

Module Backside 

Temperature 
Temperature, etc. 

MP-160

MI-510/520 

Outdoor 

Software 

Temperature 1ch 

Measurement 

Module Backside 

Temperature 

Reference Point 

Temperature 

MP-160

MI-510/520

MI-540 

Outdoor 

Software 

Temperature 1ch 

Measurement 

Module Backside 

Temperature 

Reference Point 

Temperature 

Outdoor 

Software 

Temperature 2ch 

Measurement 

Module Backside 

Temperature 1 

Module Backside 

Temperature 2 
NOTE1

 

NOTE1:  For thermocouple measurement, it requires reference point.  When taking measurement 

only with MP-160, measure the ñDo not touchò terminal temperature and this will be the reference point 

as it is corrected.  When using the Thermocouple Switching Unit MI-540, the terminal temperature 

which is the closest to the terminal which is connected with thermocouple will be the reference point; 

thus use the ñDo not touchò terminal on the MI-540.  In order to send this temperature information to 

MP-160, these TEMP2 terminals on MI-540 and MP-160 need to be connected using compensating 

lead wire.  When measuring temperature in 2 locations on 1 module, the reference point cannot be 

taken from MI-540, thus ñDo not touchò terminal temperature on MP-160 will be the reference point; 

however, it is assumed that the temperatures between MP-160 and MI-540 are the same.  Make sure 

to setup the MP-160 and MI-540 so that there will not be any temperature differences.  If temperature 

differences occur, it will lead to measurement error. 

 

 

Table 6-2  Reference Point Measurement Place & Remarks 

Measurement Condition 

Reference Point 

Temperature 

Measuring Place 

Remarks 

Measuring only with MP-160 
 ñDo not touchò 

Terminal on MP-160 
 

Measuring with MI-540 
òDo not touchò 

Terminal on MI-540 

In order to send this temperature information to 

MP-160, these TEMP2 terminals on MI-540 and 

MP-160 need to be connected using 

compensating lead wire. 

Measuring 1 PV module with 

2ch. 
MP-160 Terminal 

It is assumed that the temperatures between 

MP-160 and MI-540 are the same.  Make sure 

to setup the MP-160 and MI-540 so that there will 

not be any temperature differences.  If 

temperature differences occur, it will lead to 

measurement error. 
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3) Connect pyranometer to the RAD terminal which is located on the MP-160 rear panel, terminals for 

Meteorological Instruments. 

Pyranometer sensitivity is required to be entered from software. 

In such case measuring multiple PV modules in different directions and angles then converting with STC, 

maximum of 5 units of pyranometers can be used with Pyranometer Switching Unit MI-530, 

corresponding to each module in different directions/angles. 

See [6-2. 3. MI-530 Pyranometer Switching Unit] for details. 

 

4) When using reference cell, it is connected to REF terminal on MP-160 rear panel; however, its maximum 

voltage input is 300mV, thus in order to connect current-output reference cell, it is required to convert the 

current to voltage by connecting the optional shunt resistant box to REF terminal in parallel.  

Depending on the input current, it requires to select the shunt resistant value so that the output terminal 

will be within 300mV. 

Shunt resistant value and reference cell sensitivity need to be entered from software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5) Connect PC and MP-160 with RS-232C cross cable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-2.  Connecting Shunt Resistant Box to REF Terminal 

Reference Cell 

Shunt Resistant Box 

  

Precision 

Resistance 
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2. System Configuration Using Switching Unit 
Setup 1~48 PV Modules Outdoor. The illustrations show the basic connections and setup.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the case that the 1 channel is used for 1 PV module, the terminal temperature on the thermocouple 

switching unit is measured using the temperature of T-type thermocouple inside the thermocouple switching 

unit.MI-540 T1 terminal is connected to MP-160 T1 terminal using junction cable for T1. 

MI-540 T2 terminal is connected to MP-160 T2 terminal using either junction cable (thermocouple cable) for 

T2 or T-type thermocouple. 

Even if the software is setup to use K-type thermocouple, the terminal temperature of MI-540 T2 is measured 

using T-type thermocouple, thus the measurement is compensated with T-type thermocouple formula. 

 

To measure multiple PV modules I-V curves using MP-160, a module switching unit (MI-510/MI-520/MI-510S) 

is used.  There are 6 channel module switching unit (MI-510/MI-510S) and 12 channel module switching unit 

(MI-520).  To measure more than just 6 or 12 PV modules, multiple switching units can be used by 

connecting each module switching unit in daisy chain connection with cables.  Using one module witching 

unit as ñ1 unitò, maximum of 4 units of module switching unit, in other words, maximum of 48 channels of PV 

modules can measured.  Each module switching unit is identified by given unit number with internal dip 

switch. 

Moreover, not only to also measure temperature for each PV module by using thermocouple switching units, 

all sorts of combination setups will be available by different conditions. 

For pyranometer switching unit MI-530, only one unit can be connected per measurement system; assuming 

to measure 5 directions of zenith, east, west, south, and north, according to the direction of the PV module 

setup, 5 units of pyranometers can be connected.  Therefore, when PV modules are setup in different 

directions in one system, irradiance measurements required for STC can be acquired. 

 

Figure 6-3. 1~48ch. System Using Switching Units 
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3. Connection of System Using Switching Unit 
 

1) Below diagram shows the connection of one temperature measurement on one PV module. 

 

 

 

 

 

 

 

Connect 1~12 thermocouples 

to 1~12 PV modules 

Connect 13~24 thermocouples 

to 13~24 PV modules 

 

Connect 12pcs of PV module 

To PC 

Either one is OK 

 

Either one is OK 

 

Pyranometer Connection 

Reference Cell Connection (with external shunt resistant) 

AC100V 

MP-160 

MI-520 

MI-540 MI-540 

Special Shield Cable 

Figure 6-4. Connection Diagram 

(for one temperature measurement against one PV module) 

To more switching units for Module 25~ 

AC100V 

AC100V 

AC100V 

MI-520 

AC100V 

PV Relay Cable 
Switching Unit Control Cable 

Special T-type Thermocouple 

Switching Unit Control Cable 

 

Connect 12pcs of PV module 

 

T1  T2 TS 

 

T1  T2 TS 

 

T1  T2 TS 

 

 

Either one is OK 

 

Either one is OK 

Switching Unit Control Cable 
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2) Measuring Multiple PV Modules with 2 temperature sensors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When taking temperature measurements from 2places on one PV module, the TEMP2 terminal of 

thermocouple switching unit MI-540 will not be connected to MP-160, and the terminal temperature on MP-160 

is used as reference point. 

Therefore, install the MI-540 and MP-160 next to each other or stacking up.  By installing separate location 

will cause difference in terminal temperature and leads to error in measured temperature. 

TEMP2 terminal on MP-160 is connected to TEMP1 on another unit of thermocouple switching unit MI-540; 

thus reference point temperature for the thermocouple is taken from the terminal temperature of MP-160. 

Thermocouple type (K-type or T-type) can be entered from the software.  Use each T-type and K-type 

compensation formula to calculate the temperature. 

 

Figure 6-5. 1~12ch System with Switching Unit 

(Measuring temperature in 2 places for each 1 module) 

MP-160 

RS-232C 

PV Cable 

Sun 

Switching Unit Cable 
PV Module 

1~12 

Thermocouples 

1A~12A 

Thermocouples 

1B~12B 

PC 

MI-520  Module Switching Unit 

MI-540  Thermocouple Switching Unit 1 

MI-540  Thermocouple Switching Unit 2 

Reference Cell 

Pyranometer 
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3) The connection configuration is shown below for measuring the PV Module temperature at 2 positions. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-6. Connection Diagram 

(Measuring temperature in 2 places on 1 PV Module) 

T1  T2 TS 

 

 

T1  T2 TS 

 

T1  T2  TS 

 

 

The internal DIP switch for the 2 

MI-540 are setup the same. 

Connect 1A~12A 

thermocouples 

to 1~12 PV modules 

Connect 12 PV Modules 

To PC 

Either one is OK Either one is OK 

Pyranometer Connection 

Reference Cell Connection (with external shunt resistant) 

AC100V 

AC100V 

AC100V 

AC100V 

PV Relay Cable 

Switching Unit Cable 

Switching Unit Cable 

 

MP-160 

MI-520 

MI-540 
MI-540 

Special Shield Cable 

Either one is OK 

Connect 1B~12B 

thermocouples 

to 1~12 PV modules 
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4. System Configuration Using System Switching Unit 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

System switching unit MP-303 has 6 channel switching function in one unit.  Maximum of 4 units can be 

connected and allow up to 24 channel switching.  PV output is connected to MPPT (MP-410), charge 

controller, and power conditioner for battery when it is not used for I-V measurement; minimizing the no-load 

condition of PV module and using the generated power, allowing configuring an effective system for long-term 

exposure test and durability test as it generates power. 

 

 

Figure 6-7.  1~6ch System using System Switching Unit 

MP-160 

RS-232C 

PV Cable 

Sun 

Switching 

Unit Cable 
PV Modules 

1~6 

T-Type Thermocouples 1~6 

Pyranometers1~5 

MPPT 1 6 

Or Battery, 

Power 

Conditioner, etc. Thermocouple 

Junction Cable 

Pyranometer Junction Cable 

 PC 

System 

Switching Unit 

MP-303 

MI-540 Thermocouple 

Switching Unit 

 

MP-410 

MI-530 Pyranometer 

Switching Unit 

Reference Cell 

Pyranometer 
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6-2. Connect ions and Setup 

 

1. Common Procedure for All Switching Unit Types 
 

1) Upper Plate 

For the switching units, MI-510/510S/520/530/540, and MP-303 requires to open the upper lid for the 

unit number and channel number setup.  Below explains how to remove the upper plate. 

 

To Remove the Upper Plate 

(1) Place the switching unit rear panel facing toward you. 

(2) Unscrew the 4 screws at the rear panel. 

(3) Remove the side edges. 

(4) Pull the upper plate out and remove it. 

(5) The dip switch on the PCB will appear. 

 

 

 

 

 

 

 

 

 

 

 

2) Connecting CONT. IN/OUT and PV SELECTOR 

There are 2 CONT. IN/OUT connectors on each switching unit.  One of the connector is connected to 

MP-160 PV SELECTOR connector by attached control cable, and other connector can be connected to 

other switching unit. 

MI-510, MS-510S, MI-520, and MP-303 can connect up to 4 units. 

MI-510S and MP-303 can be setup 2 units as 1set unit, thus maximum of 8 units can be connected. 

MI-530 can connect only 1 unit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-8 Removing Upper Plate 

  

 

 

 

 

 

Figure 6-9.  PV SELECTOR Connector Connection 

If connecting other 

switching unit 

MP-160 Switching Unit 
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2. MI-510/510S/520 Module Switching Unit 
 

1) Connecting to I-V Curve Tracer MP-160:  How to Connect PV OUT and PV INPUT 

Connect straight to the PV INPUT terminal on the MP-160 rear panel with PV junction cable. 

NOTE:  Make sure that the power switch is turned OFF when cables are connected. 

 

 

 

 

 

 

 

 

 

 

 

2) Connecting to PV Module 

Connect the PV module current terminal to the + and  of each channels for PV LOAD IN terminal, and 

connect the voltage terminal to the +S and S for PV SENCE IN terminal. 

 

 

 

 

 

 

 

 

 

 

 

 

3) Internal Dip Switch Setting 

The internal dip switch is located on the upper circuit board inside the switching unit; thus in order to 

setup, the upper lid must be removed. 

 

When using multiple units of module switching units, the unit numbers are assigned for identification by 

setting up the internal dip switches.  One unit of module switching unit is assigned as 1 unit. 

  The dip switch 1~4 represent the 

UNIT number.  When using multiple 

module switching units, make sure the 

dip switches are not overlapped. 

Corresponding to the units 1~4, setup 

one of the dip switch to ON. 

NOTE:  Multiple bits cannot be turned 

ON, as well as it will not function if all 

the bits are turned OFF. 

 
Figure 6-12. Internal Dip Switch 

MI-510/520 MI-510S 

 

Figure 6-11.  MI-510/510S/520 Connecting to PV Module 

PV Module 

 

+ 

 

- 

Figure 6-10.  MI-510/510S/520 PV OUT & PV INPUT Connection 

PV OUT (MI-510/510S/MI-520) 

 

If connecting other 

switching unit 

PV INPUT (MP-160) 

 




















































































































































