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Please Note 
 

Servicing instructions vary with the build version of the cuvette. 
 

Users of existing cuvettes should retain the servicing instructions 
originally supplied with their cuvette. 
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Preface 
Notice 
 
This equipment must not be used in situations where its failure could result in injury or death. 
 
For applications where failure of this equipment to function correctly would lead to consequential damage, 
the equipment must be checked for correct operation and calibration at intervals appropriate to the criticality 
of the situation. 
 
PP Systems' equipment warranty is limited to replacement of defective components, and does not cover 
injury to persons or property or other consequential damage. 
 
This manual is provided to help you install and operate the equipment. Every effort has been made to 
ensure that the information contained in this manual is accurate and complete. PP Systems does not accept 
any liability for losses or damages resulting from the use of this information. 
 
It is extremely important that you take the time to review this Operator’s Manual prior to installation and 
operation of the equipment.  Otherwise, damage may be caused which is not covered under our normal 
warranty policy. 
 
This manual, and the information contained in it, is copyright to PP Systems. No part of the manual may be 
copied, stored, transmitted or reproduced in any way or by any means including, but not limited to, 
photocopying, photography, magnetic or other mechanical or electrical means, without the prior written 
consent of PP Systems. 
 
Windows and Excel are registered trademarks of Microsoft. 
Quattro Pro is a registered trademark of Borland 
Lotus 1-2-3 is a registered trademark of Lotus. 
MS-DOS is a registered trademark of IBM. 
 

Documentation Conventions 
 
If viewed electronically, text marked blue act as Hyperlinks. Some links refer to links to external files, which 
may cause the viewer to prompt whether the action should be performed. 
 

User Registration 
 
It is very important that all new customers register with us, to ensure that our user list is kept up to date.  If 
you use any of PP Systems products then please register yourself electronically on our web site at: 
 

http://www.ppsystems.com/Register.html 
 
Only REGISTERED users will be allowed access to our protected “Users” section of our web site.  This 
section will contain important product information including hardware/software updates, application notes, 
newsletters, etc. 
 

Thank you in advance for your co-operation. 

http://www.ppsystems.com/Register.html
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Service & Warranty 
 
PP Systems' equipment warranty is limited to replacement of defective components, and does not cover 
injury to persons or property or other consequential damage. 
 
The equipment is covered under warranty for one complete year, parts and labour included.  This, of course, 
is provided that the equipment is properly installed, operated and maintained in accordance with written 
instructions (i.e. Operator's Manual). 
 
The warranty excludes all defects in equipment caused by incorrect installation, operation or 
maintenance, misuse, alteration, and/or accident. 
 
If for some reason, a fault is covered under warranty, it is the responsibility of the customer to return the 
goods to PP Systems or an authorized agent for repair or replacement of the defective part(s). 
 

Contact Information 
 

Europe      USA & Canada 
PP Systems     PP Systems, Inc. 
Unit 2, Glovers Court, Bury Mead Rd.  110 Haverhill Rd, Suite 301 
Hitchin, Herts SG5 1RT    Amesbury, MA 019313 
UK      USA 
Tel:  #44-1462-453411    Tel:  #1-978-834-0505 
Fax: #44-1462-431090    Fax: #1-978-834-0545 
 

e-mail: support@ppsystems.com 
 

Unpacking Your Equipment 
 
It is extremely important that you check the contents of your equipment immediately upon receipt to ensure 
that your order is complete and that it has arrived safely.  Please refer to the checklist supplied (if applicable) 
for a detailed list of spares and accessories that are included with your order. 
 

DO NOT DISCARD ANY OF THE PACKAGING MATERIAL UNTIL ALL OF THE ITEMS LISTED ARE 
ACCOUNTED FOR. 

 
WE RECOMMEND THAT YOU RETAIN THE ORIGINAL PACKING FOR FUTURE USE. 

 
If you suspect that any of the items listed on the appropriate checklist are not included or damaged, you 
must contact PP Systems or authorised distributor immediately. 
 

mailto:support@ppsystems.com
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Warning 
 

 
FROM FEBRUARY 2003 THE LEAF CUVETTE ELECTRONICS ARE 
PROTECTED AGAINST REVERSE CONNECTION TO A POWER SUPPLY. 
PRIOR TO THAT TIME THEY WERE NOT, BUT A RETROFIT IS NOW 
AVAILABLE. PLEASE CONTACT PP SYSTEMS FOR MORE 
INFORMATION. 
 
WITHOUT PROTECTION, REVERSE CONNECTION WILL DAMAGE THE 
ELECTRONICS AND IS NOT COVERED BY THE WARRANTY. 
THEREFORE, WHEN USING AN EXTERNAL 12 V POWER SUPPLY OR 
BATTERY, PLEASE MAKE SURE THAT:- 
 
•  THE RED CLIP/WIRE GOES TO THE (+) POSITIVE CONNECTION 
•  THE BLACK CLIP/WIRE GOES TO THE (-) NEGATIVE CONNECTION 
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Description 
 
Use of these cuvettes with CIRAS analysers fitted with the cuvette air supply, gives complete control of the 
cuvette, and therefore the leaf environment, with regard to CO2, H2O, PAR and temperature. 
 
The PLC(U) Universal cuvette is designed to be completely filled (or not) by the leaf lamina, as air circulation 
is independent above and below the leaf. The Narrow(N), Conifer(C) and Pod(P) cuvettes must not be 
completely filled, in order for the air circulation to work effectively. 
 
The automatic cuvettes control the light intensity at the leaf surface and leaf temperature. 
To measure light intensity, PAR sensors are mounted inside the cuvettes, close to the position of the leaf 
surface. 
To measure leaf temperature, the PLC(U) uses an infrared sensor fitted in the base of the cuvette. The field 
of view of the sensor must be filled with the leaf lamina to get an accurate measure. The N/C/P cuvettes are 
not fitted with a sensor, and use the Energy Balance Calculation instead. There is no leaf thermistor 
supplied as standard. 
 
The cuvettes are fitted with a record button and when this is pressed CIRAS takes a record and 
simultaneously transmits “R” through the RS232 port for record taking by the PC. On the PLC6 (U), the 
button is on the top RHS of the closing lever.  On the PLC5 (N/C/P) it is on the Right Hand Side of the 
cuvette handle, close to the head. 
 
The cuvettes have an over-centre closing mechanism that is pushed down to the cuvette handle to close the 
cuvette and raised to open it. A switch is provided that signals to CIRAS when the cuvette is closed. 
 
On the underside of the PLC6 (U), at the rear of the cuvette head, there is a threaded hole that will accept a 
camera tripod screw. 
 
The PLC6 (U) is supplied with three types of head gasket plates to allow for the use of differing sized leaves.  
As it is essential to get a good seal on the plates, this should be done in the laboratory and not the field. 
 
The cuvette pipes to CIRAS are labelled (R)eference and (A)nalysis, and are fitted with appropriate 
connectors.  The reference air connection goes direct to the cuvette head.  The analysis sample connection 
has a Y connector within the PLC handle to vent excess flow from the cuvette.  If the reference and analysis 
pipes were to be reversed at the CIRAS connections, then the flow to the cuvette would vent out of the Y 
connector, whilst the cuvette flow would be that drawn by the analysis sample line (100 mls/minute).  This 
would lead to errors in calculation as the flow measured by the air supply mass flow meter will have been 
used in the calculations and not the 100 mls/minute actually passing through the cuvette. 
 

Firmware (CIRAS EPROM Requirements) 
 
CIRAS-1 Program (Firmware) Requirements 
 
The Cuvettes are designed to control both the leaf temperature and the light intensity.  This requires later 
versions of the CIRAS-1 program, and where the cuvette is supplied as an upgrade to an existing CIRAS-1 
then a new EPROM may be required before using the cuvette.  The CIRAS-1 firmware version number must 
be V4.0 or greater for the original PLC5 (B) AUTO and 4.3 or greater for (N/C/P).  The PLC6 (U) which 
supersedes the PLC5 (B) requires at least V4.6. (all these program can still be used with all other types of 
PLC and accessories).  The version number is displayed on the LCD when CIRAS-1 is first switched on. 
NB If CIRAS-1 is to be used with a PC running the MSDOS Remote Control software then the version 
number must be V3.2 or greater. 
In principal, we would recommend that you contact PP SYSTEMS to upgrade to the latest version of the 
firmware. 
 
CIRAS-2 Program (Firmware) Requirements 
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CIRAS-2 firmware is compatible with all the cuvette types. 
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Cuvette Power Supplies 
 
For full operation the cuvette must be connected to an external power supply. 
 
The external power supply voltage is detected by CIRAS and if this is not present or falls below 10 volts then 
the light unit is switched off. 
 
Regarding temperature control, with CIRAS-1 the peltier current is restricted to a value that simulates the 
behaviour of a standard cuvette without any cooling.  It is always necessary to supply some power to the 
peltier elements to maintain a small heat transfer as otherwise they would insulate the cuvette from the 
heatsink and there would then be small heat transfer away from the cuvette. 
 
With CIRAS-2, the temperature control switches to tracking ambient. 
 
With temperature control and using a quartz halogen lamp unit, the power supply must be capable of the 
continuous delivery of at least 6 amps (PLC6 (U)),or 12 amps (PLC5(N/C/P) at 12 volts. 
 
A 40 amp-hour car battery would be suitable for field use. A basic battery charger could be used in the 
laboratory but must not be used on its own as the output is directly from the rectifiers without any smoothing. 
Connecting in parallel to a battery of adequate capacity (10 amp-hour minimum) provides the necessary 
smoothing. 
 
Cabling to the external power supply must be rated for at least 15 amps. However, because of voltage 
drops, which depend on the cable lengths, greater ratings may be required.  The cables supplied by PP 
Systems are rated at 32amps. 
 

CIRAS-1 BATTERIES CANNOT BE THE EXTERNAL SUPPLY TO AN AUTO SYSTEM 
 
With CIRAS switched off, first make ALL the electrical connections between CIRAS and the PLC.  With 
CIRAS-2, this consists of the PLC plug connection only, but CIRAS-1 has also connections to the 15 pin 
input connector on the left-hand side and the 15 pin output connector on the right hand side.  Connect the 
gas connectors.  Connect to the 12-volt external power supply ensuring the connections are made with the 
correct polarity. 
 

 
CONNECTION TO THE WRONG POLARITY ON THE EXTERNAL POWER 

SUPPLY WILL DAMAGE THE CUVETTE. 
 

ENSURE THAT THE RED CUVETTE WIRE GOES TO +VE AND THE 
BLACK TO -VE. 
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Cuvette Air Supply 
 
CIRAS sets a default flow rate according to the cuvette type connected. 
 
However, the flow rate can be adjusted manually.  It should initially be set at about one millilitre per second 
per cm2 of leaf.  However, flow into the leaf cuvette must always exceed that drawn off for analysis to 
slightly pressurise the leaf cuvette.  CIRAS requires 100 mls/minute, so the minimum flow setting must be no 
less than 150 mls/minute.  Once measurements have started, the flow can then be adjusted according to the 
CO2 depletion.  For accurate results, a range of 5 to 30 ppm would be sensible.  If the depletion is too large, 
increase the flow rate, and if too small, decrease it, bearing in mind the 150 mls/minute minimum. 
 

Boundary Layer Measurements 
 
Leaf cuvettes are tested in the factory for the efficiency of stirring by measuring the boundary layer 
resistance (Rb) over an area of exposed wet filter paper, which simulates a leaf. This is based on the 
method of Parkinson (1985)1 and Parkinson & Day (1990)2. 
 
For a PLC(B) the area of paper exposed is 18mm diameter (2.5cm2 projected area) and fills the cuvette. It is 
exposed on both surfaces. 

 
For a PLC(N/C/P) the paper area is 4cm x 0.5cm (2cm projected area), and forms the centre part of a 1cm 
wide simulated polythene leaf which is suspended across the whole width of the PLC.  It is exposed on both 
surfaces. 
 
The measured value is written on the “Tested Label” that is attached to each cuvette and the instrument 
Packing Note. If the Rb value is lost then it should be recalculated, though the appropriate typical value can 
be used in the interim. 
 
Typical Rb values for different cuvette types are: 
 

PLC Type Rb (m2/s-1/mol-1) 
Universal Cuvette - PLC6 (U) 0.20 
Broad Cuvette -PLC(B) 0.20 
Narrow Cuvette -PLC(N) 0.20 
Pod Cuvette -PLC(P) 0.30 
Conifer Cuvette -PLC(C) 0.30 

 
A boundary layer calculation program (DOS based) is on the CD Rom supplied with CIRAS This allows the 
user to automatically recalculate Rb. The following describes exactly how to do this :- 
 
1. A leaf simulant is required. Seal filter paper inside a polythene bag, and then cut away the polythene to 

expose a known area of paper. 
 

For the accurate determination of Rb, it is essential that the equilibrium humidity in the cuvette is 
significantly below saturation, and this is achieved as follows :- 

 
- exposed area restricted to less than 3cm2 
- flow rate set to > 400 mls/minute 
- inlet humidity set to the minimum 

 
                                                      
1 Parkinson,K.J. (1985) A simple method for determining the boundary layer resistance in leaf cuvettes. 
Plant, Cell and Environment 8:223-226. 
2 Parkinson,K..J. and Day,W. (1990) Design and testing of leaf cuvettes for use in measuring photosynthesis 
and transpiration, pp. 207-229. In Measurement Techniques in Plant Science (Eds. Hasimoto,Y., 
Kramer,P.J., Nonanic,H. and Strain,B.R.) Academic Press Inc.,USA 
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For real leaves that correspond to the laminar simulants used in the factory calculation the values 
will be correct (for example a flat broad leaf in a PLC(B) or a grass leaf in a PLC(N)). 

 
Where the leaf structure is different then it will be necessary for the user to determine Rb using a 
simulant of a similar form. 

 
For bushy structures it is possible to measure Rb using a real leaf, bearing in mind the area 
limitation. Wet the surface of the leaf with water containing a wetting agent, shake off any surplus, 
and then place in the cuvette. 

 
2. The exposed filter paper is wetted, and any surplus water blotted off. Care must be taken that water 

does not spread from the wet paper to the gaskets or to the cuvette surfaces, as this will affect the 
results. The exposed shape can be altered by masking with foil. 

 
3. Inset the replica leaf in the centre of the cuvette. 
 
4. Cover the cuvette with a cloth (this measurement must be done in the dark). 
 
5. From CIRAS Measure Mode : 
 

- set the cuvette flow rate to 470 ml/min. 
- enter the exposed leaf area and bring up the measurement display. 
- set the reference CO2 and H2O to zero. 
- automatic cuvettes must be set to track ambient. 

 
6. Once the humidity difference reading has stabilized (remains unchanged for approximately 10 seconds), 

please note the following values :- 
 

- equilibrium values of the reference and differential humidities 
 

- cuvette air  temperature 
 

- exposed, projected paper area 
 

- flow rate 
 

- atmospheric pressure. 
 
7. Run the RBCAL program and enter the requested values. Rb is calculated by an iterative process. The 

final value may then be entered for Rb at the appropriate CIRAS menu. 
 

If the recalculated Rb value is significantly different from that originally quoted or expected then it is 
probably due to one or more of the following : 

 
- failure to blot excess water from the leaf simulant. 

 
- not centering the leaf simulant in the cuvette. 

 
- interference from ambient light 

 
- high humidity within the cuvette reducing the rate of evaporation from the filter paper. 
Caused by too low a flow rate or too large an exposed area of filter paper. 

 
- failure of the cuvette mixing fan 
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Transmission Coefficient 
 
In order to calculate the leaf temperature from the energy balance, we need to equate the energy inputs to 
the leaf and the energy losses from the leaf.  The leaf gains energy from the radiation incident through the 
cuvette window.  Depending on the leaf temperature, the leaf may gain or lose energy by radiation to its 
surroundings, which are assumed to be at the cuvette air temperature.  Similarly, the leaf may gain or lose 
energy to the air by conduction.  Evaporation (transpiration) always removes energy from the leaf.  By 
equating all of this, it is possible to calculate leaf temperature. 
 
Therefore, the radiation incident through the cuvette window, which is absorbed by the leaf, needs to be 
determined.  To achieve this, the PAR incident outside the cuvette needs to be measured.  By knowing the 
transmission characteristics of the cuvette window, the spectral distribution of the light source and the typical 
absorption characteristics of the leaf, a factor (Transmission Coefficient) can be calculated that is then 
multiplied against the PAR value to get the energy absorbed by the leaf. 
 
The transmission coefficient (TRANS) used in the Energy Balance Equation to calculate the light intensity 
within the cuvette varies with the light source and with the type of cuvette (the PAR sensor is fitted inside the 
chamber of certain types of cuvette). The different TRANS values are listed in the CIRAS manual, in the 
table “Settings for different types of PLC/Sensor”. 
 

Routine Checks 
 
After each day's use, the leaf cuvette should be examined for :- 
 
A.  Foreign matter 
 
Debris inside the cuvette will affect the response time, and if present, this should be carefully removed with a 
brush or lint-free cloth.  To fully access the head, detach the head opening assembly. 
 
B.  Damage to the leaf seals 
 
Occasionally, the cuvette should be checked for leaks.  This is done by operating the cuvette in the normal 
way, but without a leaf in the system.  Breathing hard over the cuvette should not result in an increase in the 
measured CO2 differential.  If there is an increase, the leak can often be isolated by gently blowing onto 
localised positions through a pipe. 
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Replacement of Gaskets 
 
PLC6(U) 
 
Please Note: For cuvettes with wide opening head plates, it is not necessary to first dismantle the head 
plates in order to gain access to the gaskets. 
 
Detach the upper air inlet pipe. 
Remove the pivot screws from the lifting fork. (see Figure 4 PLC6(U) Head Assembly) and swing the fork 
clear. 
Undo the side plate retaining screw and remove the left-hand side plate (without the outlet pipe passing 
through) leaving the upper half of the cuvette in its normal position. 
Carefully twist the upper half of the cuvette a few millimetres to detach the pivot pin on the lower half from 
the side plate attached to the upper right hand side. 
 

 
AT ALL TIMES BE VERY CAREFUL NOT TO STRESS THE WIRES CONNECTING 

THE UPPER AND LOWER HALVES 
 

 
There are 3 gaskets in total, one on the upper rear half of the cuvette that surrounds the cuvette heat 
exchanger and seals against the lower cuvette, and one each on the upper and lower front sections that seal 
on the leaf. 
 
Apart from an annual service, the rear gasket should only need changing when the head gasket plates are 
changed. 
 
Using a small flat bladed screwdriver remove the existing gaskets.  Replace with the new gaskets ensuring 
they are correctly positioned.  Once positioned, a very light smear of silicone grease on the face of the rear 
gasket and around the perimeter of the front gaskets will aid sealing. 
 
Re-assemble the cuvette. 
 
PLC5(N/C/P) 
 
When these cuvettes are open the gaskets are fully exposed.  Carefully remove the old gasket, if necessary 
easing it out with a small screwdriver blade.  Remove the new gasket from the backing and starting in one 
corner carefully insert into position.  Go to the next corner and do the same.  Now position the gasket 
between the two corners if necessary using the screwdriver to ease into place.  Repeat at all the other 
corners. 
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Changing the PLC6(U) Head Gasket Plates 
 
To change the head plates, dismantle the cuvette as instructed in Replacement of Gaskets. 
 

 
YOU MUST USE A POSIDRIVE NO 1 SCREWDRIVER TO AVOID DAMAGING THE SCREWS 

 
 
Remove the upper rear gasket surrounding the heat exchanger. 
 
Remove the 6 screws holding each of the head gasket plates and pull off the plates. 
These will have been sealed in place with silicone grease. 
 
Locate on the upper and lower cuvette plates the step where the rear of the head plates butt up to. 
Carefully put a line of silicone grease across this step and then a thin trail around the perimeter of the 
cuvette plate outside the screw holes.  Put in place the new head gasket plates and evenly tighten the 
screws.  Do not use excessive force otherwise the threads in the plastic cuvette plate will be stripped. 
Fit the new gaskets as above and re-assemble the cuvette. 
 
See Figure 5 PLC6(U) Gaskets and Sensor Adjustment 
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Peltier Cooling Fan Replacement 
 
Remove the 2 or 4 self-tapping screws, which hold the fan onto the heatsink, 
The finger guard fan and spacers (if fitted) can now be removed from the heatsink. 
Cut the red and black leads on the new fan about 20mm from the fan body and strip the end 5mm to show 
the copper wire.  Cut off (or unsolder if there is a connection) the supply lead to the old fan about 20mm 
from the fan body.  Again strip off the end 5mm of the supply lead to reveal the wire.. 
Solder the supply wires to the new fan wires, connecting red to red and black to black, then sleeve the joints 
to prevent the wires shorting. 
 
Re-assemble the fan assembly.  Now check that the fan blade is free to rotate before applying power to the 
cuvette. 
 

Stirring Fan/Motor Replacement 
 
Contact PP Systems for advice. 
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Sensor Calibrations 
Temperature Sensors 
 
Air and leaf temperature sensing is by thermistor whose resistance is directly determined by CIRAS-1 and 
these cannot be re-calibrated. 
 
The infrared temperature sensor depends both on a radiation sensor and a thermistor, and calibration can 
only be done by PP Systems. 
 
If you believe that a temperature sensor is reading incorrectly please contact PP Systems for advice on 
testing. 
 

PAR Sensors 
PAR sensors can be re-calibrated by the user. 
 
PLC6(U) PAR Calibration 
 
A small camera tripod and a laboratory stand and clamp (or 2 lab stands will be required to hold the cuvette.  
These should be placed on a bench or table, in the open, in a non-shaded position and ideally in full sunlight 
within +/- 2 hours of noon.   
 
Detach the upper air inlet pipe. 
Remove the pivot screws from the lifting fork. (see Figure 4 PLC6(U) Head Assembly) and swing the fork 
clear. 
Undo the side plate retaining screw and remove the left-hand side plate (without the inlet pipe passing 
through) leaving the upper half of the cuvette in its normal position. 
Now clamp the cuvette at about 30 degrees from the horizontal.  You will need to be able to access the 
adjustment potentiometers through the 3 holes on the bottom side of the handle by either overhanging the 
handle over the edge of the bench or by mounting the handle at least 15 cm above the bench at the access 
holes. 
Carefully twist the upper half of the cuvette a few millimetres to detach the pivot pin on the lower half from 
the side plate attached to the upper. 
Support the upper plate in a horizontal position. 
 
AT ALL TIMES BE VERY CAREFUL NOT TO STRESS THE WIRES CONNECTING THE UPPER AND 
LOWER HALVES. 
 
Plug the cuvette into CIRAS with the external cuvette 12V supply disconnected  
 
Switch on CIRAS. 
 
With CIRAS-1 select 1) REC and go to the normal measure mode to display the PAR. (It is easier to use the 
normal measure mode rather than the AUTO-DIAG program as the re-fresh rate is faster, making 
adjustment easier.) 
 
With CIRAS-2 go to DIAGNOSTICS. 
 
Refer to Figure 5 PLC6(U) Gaskets and Sensor Adjustment for the position of the adjustment 
potentiometers. 
The potentiometers are adjusted by using a small flat bladed screwdriver to engage with the slot in the 
screws that can be seen through the holes in the cuvette handle. 
 
Using a suitable piece of opaque paper, cover first one PAR sensor and note the reading, then the other.  If 
the readings differ by more than 10% then take the average, re-cover one sensor and adjust the balance 
potentiometer to read the average.  Repeat until within 10%. 
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Now cover the cuvette head with a light proof cloth and adjust the zero potentiometer until the reading is 
zero (Flickering between zero and a small positive value will ensure that there is no negative offset.) 
 
Place the calibration PAR sensor in the middle of the leaf aperture at leaf level and adjust the span to read 
the correct value. 
 
Carefully re-assemble the cuvette. 
 
PLC5(N/C/P) PAR Calibration 
 
It is recommended that a laboratory stand with clamps is available to hold the cuvette. This should be placed 
on a bench or table, ideally in full sunlight. 
 
Clamp the cuvette horizontal in its normal operating position. 
 
Plug the cuvette into CIRAS-1 with the external cuvette 12V supply disconnected  
 
Switch on CIRAS-1 and at the main display select 1)REC and go to the normal measure mode to display the 
PAR (it is easier to use the normal measure mode rather than the AUTO-DIAG program as the re-fresh rate 
is faster, making adjustment easier). 
 
The position of the adjustment pots is on the left hand side of the handle (order as in Figure 5 PLC6(U) 
Gaskets and Sensor Adjustment). 
The potentiometers are adjusted by using a small flat bladed screwdriver to engage with the slot in the 
screws that can be seen through the holes in the cuvette handle. 
N.B. With only one PAR sensor, the balance potentiometer is not used. 
 
Now cover the cuvette head with a light proof cloth and adjust the zero potentiometer until the reading is 
zero (flickering between zero and a small positive value will ensure that there is no negative offset). 
 
Ideally a small calibration PAR should be put in the cuvette at leaf level and adjustments made with the 
cuvette closed.  This is unlikely to be available.  So the calibration PAR sensor should be put alongside the 
cuvette and adjustments made with the top of the cuvette hinged out of the way. 
Adjust the span potentiometer to read the correct value. 
 
Carefully re-assemble the cuvette. 
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Cuvette Light Units 
 
The design of the light units fall into 2 types: 
 
•  PLC6(U) Light Unit (see Figure 6 PLC6(U) Light Unit) which, apart from the cuvette connector, is similar 

to the earlier PLC5(B) unit 
 
•  (N/C/P) Light Unit 
 
Both types of light unit plug into a socket on the cuvette handle. 
 
 

 
WHEN HANDLING ANY OF THE LIGHT UNITS HOLD BY THE COVER AND DO NOT 

PRESS ONTO THE COOLING FAN, AS IT IS EASILY BROKEN. 
 

 
 
To fit the PLC6 (U) type, align the two pins on the rear with the holes on the front of the cuvette heatsink.  
Push firmly back towards the cuvette so that the retaining screw on the light unit aligns with the stud on front 
of the cuvette.  Tighten the screw clockwise.  Plug in the electrical connection into the socket on the side of 
the handle. 
To remove, unplug the connector then firmly hold the light unit and pull away from the cuvette as the screw 
is slackened. 
The On/Off switch is situated on the top of the electrical connector block on the unit. 
 
To fit the (N/C/P) type, align the two holes at the back of the light unit with the 2 pins on the cuvette head.  
Push in place, then tighten the thumb screw.  Connect the flexible lead and plug to the socket on top of the 
cuvette handle.  The On/Off switch is on the front of the unit. 
 
 

 
ENSURE AT LEAST 50mm OF FREE SPACE ABOVE AND BELOW THE CUVETTE HEAD WHEN THE 

LIGHT UNIT IS ON, TO ALLOW FOR AIR CIRCULATION. 
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Component Replacement - PLC5(B) and PLC6(U) 
 
The diagrams show the PLC5(B) which is of similar construction to the PLC6(U). 
 
Replacement of Main Halogen Bulbs 
 
NB Detach the Light Unit from the Cuvette prior to dismantling and allow the unit to cool. 
 
Step 1 
Remove the Light Unit’s shroud by unscrewing the 6 fixing screws. 
Step 2 
Remove the 2 screws and crinkle washers that hold the rear (Halogen Bulb) board in place. 
Step 3 
Gently prise the Halogen Board from the sockets. 
Step 4 
Using a clean cloth, pull the bulb free from its socket, taking care not to touch the other bulbs. 
Halogen Bulbs may become damaged if handled. 
Step 5 
Replace the bulb, again avoiding handling the bulb. 
 
To reassemble, follow the above steps in reverse order. 
 

 
Figure 1 Replacing Halogen bulbs (PLC6(U) and PLC5(B)) 

 
 
 
Halogen Bulb Specification : M35 12V 20W G4 

Halogen Bulb(s). 

Location of shroud screws. 
(3 on opposite side) 

Halogen Board fixing 
screws. 

Halogen Board connectors 
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Replacement of Axial Lamps and Filter 
 
NB Detach the Light Unit from the Cuvette prior to dismantling and allow the unit to cool. 
Steps 1 to 3 
Remove Light Unit Shroud and Halogen Bulb Board as described in Step 1 to 3 of Replacement of Main 
Halogen Bulbs above. 
Step 4 
Turn the Light Unit upside down and remove the 4 Filter screws and their rubber sleeving. Gently pull or 
shake the filter out of the body of the light unit. (The filter may adhere to the sleeving slightly). 
Step 5 
Unsolder the Axial Lamp from the socket and remove. Having made sure that the solder from the socket is 
removed, gently feed the wire of the new lamp into the sockets. Straighten the wires and pull the lamp into a 
central position. Re-solder and trim any spare wire. 
Step 6 
Clean the filter if dirty and gently drop into place. Replace the screws, but only so that a millimetre or so 
protrudes into the Light Unit. Push a piece of sleeving onto a pair of tweezers and stretch it over the 
protruding screw and then screw in fully. Pull the tweezers away leaving the sleeving in place. Repeat for all 
the removed Filter screws. 
NB It is important to maintain an even gap between the edges of the filter and the walls of the Light Unit. 
 
To reassemble, follow the above Steps 1 to 3 in reverse order. 

 
Figure 2 Replacement of Axial Bulbs, Filter and Fan (PLC6(U) and PLC5(B)) [PLC 5 Shown] 

 
 

Filter Screw Rubber Sleeving

Filter Screws

Axial Lamp 

Filter 

Axial Lamp Sockets 
(2 on opposite side) 
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Replacement of Fan 
 
NB Detach the Light Unit from the Cuvette prior to dismantling and allow the unit to cool. 
 
Step 1 
Remove Light Unit Shroud as described in Step 1 of Replacement of Main Halogen Bulbs above. 
Step 2 
Remove the 4 Fan fixing screws. (NB The PLC5(B) has spacers below the fan which are not present in the 
PLC6(U)). 
Step 3 
Unsolder the Red and Black fan wires from the circuit board (These are marked Fan + and Fan –). 
Step 4 
Pull the fan away and put the new one in place. Make sure that the fan is the right way up. (The arrow on the 
fan body should point AWAY from the Light Unit i.e. Air is blown away from the cuvette). Lay the wires in 
place, trim to the correct length and resolder the wires, Red to Fan +ve, Black to Fan –ve. 
Step 5 
Replace fan screws (and washers if present) and secure fan. 
Step 6 
Replace the shroud. 

Figure 3 R
 
 
 
 

Fan Wires. See Detail of Board 

Detail of Board 
Not to Scale (Shown upside down) 

Fan +ve (Red Wire) 

Fan -ve (Black Wire) 

 
Fan Fixing screws on each
corner of fan
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eplacement of Fan on PLC6(U) and PLC5(B) [PLC5(B) shown] 
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Component Replacement - Other Cuvette Types 
 
For the other cuvettes a simple description is adequate. 
 
Remove the two screws at the front of the lamp housing beneath the switch. 
Remove the screws on either side of the lamp housing. 
Carefully separate the front and back halves of the housing taking care not to damage the heat mirrors. 
Replace any lamps and re-assemble. 
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Figures 
 

 
Figure 4 PLC6(U) Head Assembly 

 
 

 

 
Figure 5 PLC6(U) Gaskets and Sensor Adjustment 
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Figure 6 PLC6(U) Light Unit 

 

Locating Pin 
Pull forward and undo 

Retaining Screw to remove
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Power Consumption Of Tungsten Halogen And LED Light Units 
 
The following table shows the approximate external power supply current consumption of 
our Tungsten Halogen and LED light units based on the following: 
 

•  PLC6 (U) Leaf Cuvette set to track ambient temperature (approximately = 23° C) 
•  External battery supply stabilised at 12.0V DC. 

 
 
 
PAR level (µmol m2 s-1) Halogen LED 

                      0 150mA 150mA 
                  100 830mA 290mA 
                  500 1.32A 400mA 
                1000 1.73A 540mA 
                1500 3.61A 700mA 
                2000 4.44A 1.04A 
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