
QSP‐2300™, QSP‐2350™ Series with  
    Logarithmically Compressed Analog Voltage Output 
Quantum Scalar Irradiance PAR Sensor 
Measuring Scalar Irradiance in water over the PAR Spectral Region1  

The QSP‐2300 and QSP‐2350 are scalar PAR sensor with logarithmically compressed 
analog voltage output, which were specifically developed for data loggers with lim‐
ited dynamic range.  QSP‐2300/2350 sensors measure Photosynthe cally Ac ve Radi‐
a on (PAR) with Biospherical Instruments’ proprietary scalar irradiance collector.  This 
unique design ensures uniform direc onal response over 3.6 π steradians.  A stainless‐
steel encased op cal light pipe guides flux from the collector to a filtered silicon pho‐
todetector, resul ng in a flat quantum response over the PAR spectral region (400–
700 nm).  These sensors compliment a selec on of Biospherical Instruments’ sensors 
with digital and analog‐linear outputs and “cosine collectors.”  An overview of these 
addi onal models is provided on the last page. 

Scalar PAR sensors normally encounter a very wide range of light levels as sunlight is 
exponen ally a enuated with increasing depth in the ocean.  Measurements per‐
formed near sunrise or sunset, or under overcast skies, increase the need for a large 
dynamic range even further.  While many commercial data acquisi on systems easily 
interface to analog voltage (e.g., 0‐5 V) output sensors, they are o en based on 12–16 
bit digital to analog converters, which lack the resolu on to digi ze small signal levels 
with sufficient accuracy. To address this problem, Biospherical Instruments has devel‐
oped a method of compressing the photocurrent as the logarithm of the incident light 
flux. Our first versions of the QSP‐2300 used analog compression.  The new rede‐
signed QSP‐2300/2350 sensors rely on an electrometer amplifier coupled to a highly‐
stable 24 bit analog to digital converter, microprocessor, and digital to analog convert‐
er to transfer the digitally‐compressed signal to 0‐5 V. This redesign resulted in lower 
current requirements (4 mA) and increased stability. 

The sensors are designed for opera on in natural waters to depths of up to 2,000 me‐
ters. QSP‐2300 and QSP‐2350 models only differ by the underwater connector used.  
Custom‐housed versions are also available for gliders and other undersea monitoring 
applica ons. 

Key Features: 
• Ideal to measure light available for photosynthesis from almost all direc ons.  

• Maximizes working condi ons (low sun angle, clouds) with extended dynamic range. 

• Compact, rugged, and low‐cost. 

• Designed to measure scalar PAR irradiance to depths of 2,000 meters. 

• 1.9 cm (3/4”) diameter solid Teflon® spherical irradiance collector.   

• Versions available for Teledyne Webb and iRobot gliders. Other systems can readily be developed.  Consult the systems 
manufacturer for details or consult Biospherical Instruments for new versions.  

1 Several terms are in use to denote the physical quan ty measured by a “Quantum Scalar Irradiance PAR Sensor” including:  
    “quantum scalar irradiance,” “quantum flux density,” “photosynthe c photon flux fluence rate,” and “photon flux fluence rate.” 
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QSP‐2300 / QSP‐2350 Specifica ons 

Measurement Quan ty  
Quantum Scalar Irradiance for PAR (Photosynthe cally Available Radia on or 
Photosynthe cally Ac ve Radia on). This quan ty is some mes also referred 
to as PPFFR (Photosynthe c Photon Flux Fluence Rate), SPPFD (Spherical Pho‐
tosynthe c Photon Flux Density), quantum scalar irradiance, quantum flux 
density, or photon flux fluence rate. For PPFD (Photosynthe c Photon Flux 
Density) measurements, please see our line of instruments equipped with a 
cosine collector such as the QCP‐2300. 

Op cal Features 

Scalar Irradiance Collector:  1.9 cm (3/4”) diameter solid Teflon® sphere, 
op cally connected to the main housing by a stainless‐steel encased glass light 
pipe. 

Direc onal Response:  Each instrument’s direc onal response is measured and 
op mized in air before final calibra on. Devia ons from the ideal uniform 
response for sensors are: 

< ±3%   for incidence angles < 90° 
< ±10% for incidence angles < 125° 

Radia on is par ally blocked by the housing of the sensor between 140° and 
180°—see dataset for “Scalar Irradiance Short Pipe“ in Fig. 1.  Individual direc‐

onal response plots are also available as an op on. 

Fig 1. Typical direc onal responses of scalar irradiance sensors with short 
(green) and long (blue) light pipe, and a QCP irradiance sensor (red). Thin bro‐
ken lines indicate the ideal responses for the three geometries. 
  
Spectral Response: Sensor approximates the spectral response of PAR. The 
ideal PAR response is zero below 400 nm and above 700 nm, and constant 
between 400 and 700 nm.  No real sensors can emulate an instant transi on 
from zero to a constant value at 400 and 700 nm. Each BSI PAR sensor is indi‐
vidually op mized to ensure that its spectral response falls within the lower 
and upper limits shown in Fig. 2. 

Fig 2. Typical spectral response of two PAR sensors (Sample A and B) compared 
with the ideal PAR response (red) and the acceptable range (lower and upper 
limit).  

Electronic Features 

Photodetector:  High‐reliability silicon photodiode designed for precision  
radiometry. 

Time  constant:  < 100 ms 

Stability of dark reading: < 0.003 µE m‐2 sec‐1 (tested between 0 to 50 °C) 

Satura on:  Sensors saturate at slightly less than 5 V, equivalent to about  
6000 µE m‐2 sec‐1 when immersed in water.  The probe will report approximate‐
ly 0 volts for readings within 1% of satura on as an indicator that satura on 
has occurred.  
  
Responsivity temperature coefficient: < 0.05% per °C 

Power Requirement:  6‐15 V, <  5 mA 

Output Impedance: 300 Ω 

Determina on of zero or dark reading:  The  dark reading is adjusted to 0 volts 
during calibra on and slight dri s may occur with me or temperature.  It is 
important to “dark correct” this sensor by capping the sensor so that it is com‐
pletely dark, and recording the dark voltage.  This offset should be subtracted 
from acquired data according to the transfer func on shown below.  We rec‐
ommend to check the offset several mes during a deployment for best perfor‐
mance.   

Transfer Func on:  
Irradiance = Calibra on factor x [10^(Light Voltage) ‐ 10^(Dark Voltage)] 

Physical specifica ons 
Housing: Hard‐anodized aluminum. Consult factory for other material op ons.  
The housings are connected via a 1 µF capacitor to ground poten al. 

Depth Ra ng: 2,000 meters 

Temperature Range: ‐2 to 50 °C   

Dimensions: 5.0 cm in diameter,  17.5 cm from the top of the sphere to end, 
not including the connector.   

Weight:  0.65 kg 

Calibra on 

Each sensor is calibrated using a Na onal Ins tute of Standards and Technology 
(NIST) traceable 1000‐wa  type FEL Standard of Spectral Irradiance using pro‐
cedures recommended by NIST.  Annual recalibra on is strongly recommend‐
ed.   

Sensors are shipped with a calibra on cer ficate lis ng calibra on factors to 
convert raw data measured in water to calibrated data in units of µE m‐2 sec‐1  
or µE cm‐2 sec‐1.  An alternate pair of calibra on factors is supplied for in‐air 
measurements.  Note that a µE  or “microEinstein” is a micromole of quanta 
(6.023x1017 quanta).  The so ware allows the user to change the calibra on 
factor, along with other parameters such as sampling rate. 

Op ons and Accessories 

Connectors: 
QSP‐2300: LSG‐4‐BCL 
QSP‐2300‐HP: XSG‐BCL‐HP  
QSP‐2350: BH‐4‐MP  
Other connector op ons available on special request.  

Cables: Consult Biospherical for informa on on availability of cables. 

QSR Series Surface Reference Sensors are available to compliment measure‐
ments made with the QSP in‐water sensors.  The use of surface reference sen‐
sors during a cast with a QSP sensor allows changes in light due to changes in 
cloud cover to be detected and flagged. 

QCP Series Cosine PAR Sensors are available for in‐water use and exhibit a 
cosine‐corrected irradiance collector instead of the scalar collector.  Variants 
on these sensors with narrow band spectral response are also available—see 
last page or consult Biospherical Instruments. 

OEM Versions are also available.  SeaBird, Teledyne‐Webb, and iRobot, for 
example, support versions that may not be listed here—for best results, we 
recommend consul ng the system manufacturer for op mum compa bility 
and support. 
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Biospherical Instruments Single Channel Sensor  
Configurations 
Biospherical Instruments manufactures a full line of optical instruments 
for environmental research, ranging from simple single channel sensors 
to complex systems consis ng of mul ple radiometers and deployment 
op ons.  

Depending on their configura on, single channel sensors are iden fied 
by a three‐le er model designator followed by a four‐digit series num‐
ber.  

The first le er is either “Q” or “M” and iden fies the spectral response 
of the sensor.  PAR‐sensors measuring Photosynthetically Available (or 
Active) Radiation use the letter “Q” to denote a quantum response. 
The le er “M” stands for monochromatic and is used for sensors that 
employ a narrow‐band channel with a bandwidth of typically 10 nm. 
Other responses may be available including photopic and “blue light 
hazard” responses—consult BSI for details.  

The second le er is either “S”, “C”, or “R” and indicates the sensor’s 
collector geometry. The three le ers stand for scalar irradiance, cosine 
irradiance, and radiance, respec vely.  

The third le er is either “P”, “L”, or  “R” and indicates the environment 
of operation. “P” specifies profiling sensors used for continuous immer‐
sion, typically in marine operations. The le er “L”  is used for laborato-
ry operations or near‐surface field operations, and “R” stands for refer-
ence or non‐submerged radiometers.  Monitoring incident (surface) 
irradiance on a ship’s mast or next an aquaculture pond is a typical 
application of a reference sensor.   

The four‐digit number of the model designator indicates the electrical 
interface of the sensor such as digital output or analog output, and 
connectorization. 

 
2100 series:  24 bit analog to digital converter with binary output, fixed 
sampling rate of approximately 4 Hz. Designed for use with “Logger 
2100” software. 

2150 series: 24 bit analog to digital converter with improved noise and 
stability, variable sample rates ranging from 250 Hz down to 1 sample 
average per hour.  Calibrated ASCII output, with optional inclusion of 
temperature in the data stream.  Ideal for integration in multi‐
parameter monitoring systems.  Designed for use with “Logger 2150” 
software. 

2200 series: Linear analog voltage (0‐5 volts) output.  >16 bit analog to 
digital converter is recommended for optimum performance. 

2300, 2350 series:  Compressed analog voltage output.  Uses a 24‐bit 
analog to digital converter to sample the signal, the logarithm is com‐
puted and the result is converted into an analog voltage (0‐5 V) that 
can be satisfactorily digitized by most data acquisition systems.   

Other options include specialized connectors, direct photodiode cur‐
rent output (‐PD), housings tailored for specific platforms (gliders), and 
different operating depth options for cosine collector‐equipped sen‐
sors.  Be sure to consult the data sheet for the specific model you are 
interested in or discuss your application with Biospherical Instruments.  

 

 

5340 Riley Street, San Diego, CA 92110‐2621 USA 
Phone: (619) 686‐1888 Fax: (619) 686‐1887 
E‐mail: sales@biospherical.com,  URL: www.biospherical.com 

*Specifica ons subject to change without no ce 


