
Why am I receiving this document?

We have included this document with your recent calibration order 
because we have noticed an out of tolerance condition obtained 
from your equipment when returned for calibration.  This document 
was created to assist our valued customers in the proper care and 
maintenance of Ophir-Spiricon pyroelectric laser power sensors.  
The following information is for reference only.  If you have any 
reason to believe that the sensor is no longer performing within the 
original specifications, we always recommend that you send it in 
for repair and/or recalibration by our trained technicians to bring 
the unit back to the proper NIST traceable standards.

We believe that Ophir pyroelectric sensors can be used for many 
years without repair when used with the proper laser optical setup.  
We hope that this document will enable you to also enjoy the long 
life and reliable results that Ophir-Spiricon is known for.

Common Reasons for
 Pyroelectric Sensor Damage 

or
Out of Tolerance Conditions
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Some Common Reasons for Out of Tolerance Conditions:

Outlined in this document is:

•	 first	a	background	on	proper	pyroelectric	sensor	use,	and	

•	 second	a	few	of	the	most	common	reasons	for	an	out	of	tolerance	
data	report.		

The out of tolerance reasons are generally listed in the order of 
severity or cost of repair.  This is not a complete list of reasons for 
a pyroelectric sensor to fall out of tolerance.  If components are 
replaced, typically the old units are mailed back with your equip-
ment after recalibration.  Please take a moment to look over your 
old equipment if necessary to compare to the examples outlined 
within. 

Background Information  

Types of Pyroelectric Sensors:  In this document we will often refer 
to a few common names for the various pyroelectric sensor coat-
ing options.  

When we say “broadband” coating, we are referring to any sensor 
that has a “BB” in the descriptive name.  The broadband sensors 
have a matte black coating.  

When we say “diffuser”, we are referring to the white or opaque 
diffuser found on many sensors.  

When we say “metallic” coating, we are referring to any sensor 
that has a reflective, mirror like surface.  With very few exceptions, 
most sensors will fall into one or more of these three categories.  

There is also the new “BF” coating; however we will not be dis-
cussing it in this FAQ as they are newer technologies and therefore 
long term damage and out of tolerance data is not yet available.
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General Notes on Pyroelectric Sensor Use:  Pyroelectric sensors, 
being significantly more complicated than thermopile or photodi-
ode sensors, do require a bit of background knowledge for proper 
operation.  We highly recommend reading through the literature 
available on our website to familiarize yourself with your equip-
ment.  By following the precautions outlined in this section, the 
end-user will alleviate most of the common issues associated with 
pyroelectric units.  

One of the most common mistakes is not zeroing the unit properly.  
Unlike a thermal sensor which will show you any offset that may 
exist; a pyroelectric sensor cannot display that information.  Be-
cause of this, it is always recommended that the sensor be zeroed 
with the following controls set in place:

•	 Located	in	the	location	and	orientation	that	it	will	be	used

•	 That	all	laser	sources	are	turned	off

•	 Verification	that	the	mounting	components	used	are	either	mounted	
on	a	vibration	isolated	table,	or	vibration	reducing	in	nature	(plastic	
posts,	holders,	etc.)

•	 That	the	sensor	cable	is	not	routed	in	a	manner	that	will	induce	
significant	electrical	noise	or	EM	radiation.		Particularly	do	not	run	
the	cable	orthogonal	to	a	power	supply.

Another common mistake is using the sensor in “Long Pulse” 
mode during short pulses, or “Short Pulse” mode during long 
pulses.  Many sensors have the option between two pulse lengths. 
Improper selection will result in poor results.  

Finally, the standard checks such as proper wavelength selec-
tion, range selection, and cycling the power on the display when 
plugging the sensor in (not required on display version 1.99 and 
newer) are always good practice.  If using an older display meter, 
such as a Nova, the wavelength selection may not be displayed 
on the screen and should therefore be verified prior to taking any 
measurements.
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Reasons for an Out of Tolerance Condition:  

I) Surface Contamination  

Explanation:  Many times an out of tolerance condition can be 
explained simply by surface contamination induced by environ-
mental conditions. Unfortunately, due to the different environments 
that sensors are used in, it is nearly impossible for us to conclude 
exactly what causes the contamination in each scenario.  

For non-coated, metallic pyroelectric sensors, fingerprint grease 
being burnt into the surface of the absorber is a common mistake.  
Usually cleaning in house can remove the contaminants, but oc-
casionally the damage results in a non-uniform absorption and 
therefore disc replacement is required.  

Dust is another major concern with many of our customers.  A 
few specks of dust on a sensor prior to taking a measurement can 
eventually turn into numerous small pitted burn marks.  The dust is 
less reflective than the sensor, and therefore absorbs more heat, 
resulting in a burn mark that may not have formed otherwise.  

Another common mistake is to use a form of combustible mate-
rial to determine beam location prior to sensor use.  The use of 
burn paper or any other combustible material near the sensor can 
slowly deposit foreign contaminants onto the surface.  A common 
rule of thumb is that if smoke can be seen, a different approach 
should be used to locate the beam.  

The broadband coated sensors cannot be touched or cleaned in 
any way.  Please refer to Figures 1 and 2 for a few examples of 
contamination. 
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Examples:

Fig.	1	 Standard	
grease/fingerprint	
contamination.		Noth-
ing	can	really	be	said	
about	this	except	to	
take	caution	when	
handling	the	units	and	
place	the	original	pro-
tective	cover	over	the	
absorber	whenever	
not	in	use.

Fig.	2			Here	you	
will	find	an	example	
of	dust	contamina-
tion.		Notice	that	in	
the	center	the	dust	
has	been	burnt	into	
the	surface	by	the	
individual	pulses.		If	
allowed	to	continue,	
this	can	eventually	
lead	to	costly	disc	
replacement.

Corrective Action: The first step is to determine the source of the 
foreign contaminants.  Once determined, steps should be taken to 
isolate the surface from future contamination.  Storing the sensor 
in a proper container with its original protective cover on when 
not in use is sometimes all that is necessary to prevent long term 
contamination.  Also a brief blast of compressed dry air prior to 
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applying laser power goes a long way in preventing the buildup of 
foreign material.  If contamination is unavoidable in your environ-
ment, please contact us for a further recommendation.

II) Circuit Damage  

Explanation:  One common failure among the sensors is a failure 
of either the circuit board, usually due to excessive force (drop-
ping the sensor, etc.), or failure of the cable assembly.  The cable 
failure is the most common repair required on our sensors.  Due to 
the complex design of the unit, a significant number of wires are 
compressed into a very small package.  In many of our customer’s 
environments the cable is subjected to repeat motion in a man-
ner that can eventually wear out the cable connector on the meter 
end.  We have recently developed a new improved cable design 
that incorporates a molded connector which should be much less 
prone to failure.  When a cable is failing many symptoms can occur.  
Some common symptoms are incorrect frequency, an order of mag-
nitude difference in reading, or other obvious problems.  The most 
common cable failure is complete lack of output or output that cuts 
out when the cable is moved from one position to another.    

A simple test that can be performed to verify cable condition is to 
set the display into “Datalog” mode, start a log, and monitor the 
individual pulses.  If you wiggle the cable end near the connec-
tor while logging, a faulty cable will occasionally cut-out or miss a 
pulse or group of pulses.  Another common sign of a faulty cable is 
the inability to zero the unit. 
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Fig.	3	Example	of	the	data-
log	screen	as	seen	when	a	
cable	is	missing	pulses	due	
to	a	short	or	open	line.		The	
missed	pulses	were	induced	
by	rotating	the	cable	near	the	
smart	head	connector.

Corrective Action: Circuit 
or cable failure is a prob-
lem that requires repair 
at our facilities as well as 
recalibration.  If you have 
reason to believe that a 
cable or circuit failure is occurring, please return your equipment 
for repair and recalibration.  

III) Gradual Coating Deterioration:  

Explanation:  Another common damage variety is gradual coating 
deterioration.  This occurs when individual pulses are exceeding 
the damage threshold limit for the sensor, but the average power/
energy is not necessarily over the limit.  It is for this reason that we 
include damage test slides with each new sensor.  Replacement 
test slides are available if necessary.  We always recommend test-
ing your laser with the damage test slides for a continuous period 
of time longer than that of which you plan to use the sensor.  Many 
times the damage is so gradual that only after thirty minutes to an 
hour does it appear.  

Any time a change is made to an optical setup, please re-verify 
that damage will not occur using the test slides included with your 
sensor when new.  

For the broadband coating, the damage will appear as though the 
coating has faded into a lighter shade of black.  From our long term 
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testing, minor gradual contamination on the broadband coating 
does not have a significant effect on the reading of the sensor at 
1064 nm, however if allowed to continue it will eventually fall out of 
tolerance.  We have not done any long term studies on the effects 
of gradual contamination on other wavelengths, and therefore any 
sensor returned for calibration with damage present will receive a 
recoating and the associated charge, regardless of how well it has 
held calibration at 1064 nm.  

For the metallic coating, gradual damage will usually be visible as a 
minor darkening of the surface. At shorter wavelengths, especially 
193nm, long exposure can cause a change in absorption even if 
there is no visible change on the surface. Thus periodic recalibra-
tion is recommended especially for the shortest wavelengths.  It 
is not uncommon for a sensor used at UV wavelengths to read in 
tolerance at NIR wavelengths but out of tolerance in the UV.

Fig.	4	Gradual	damage	
on	a	broadband	coated	
sensor.		Always	use	the	
test	slide	for	a	lengthy	
period	of	time	to	confirm	
that	it	does	not	show	
similar	signs	of	damage.		
Usually	you	can	catch	it	
early	on	and	alleviate	the	
problem	without	letting	
it	progress	far	enough	to	
cause	an	out	of	toler-
ance	condition.
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Fig.	5			Gradual	damage	
on	a	metallic	sensor.		
Notice	that	the	damage	
has	a	bluish	hue.		This	
photograph	was	taken	
with	the	flash	on	to	em-
phasize	the	discoloration.		
Many	times	it	is	much	
less	extreme	but	still	
enough	to	cause	an	out	
of	tolerance	condition.		
UV	damage	may	not	be	
visible	at	all.

Corrective Action: To prevent gradual damage, always test the 
sensor with the test slides.  The test slides are the only confirmed 
method of verifying whether or not the laser will damage the sen-
sor long term.  If damage is found on the test slides, further action 
will be necessary to reduce the energy density of the unit.  Refer to 
section five for a tutorial on energy density.

IV) Diffuser Damage:  

Explanation:  Damage to the diffuser, although uncommon, can 
have serious impacts on the accuracy of the sensor.  Typically 
damage to the diffuser is caused by excessive energy density.  If 
the beam is focused to a smaller spot size than the diffuser is rated 
for it will leave small burn marks on the surface.  These burn marks 
may eventually burn through the diffuser entirely and consequently 
damage the disc surface as well, resulting in repair costs that rival 
the cost of a new sensor altogether.  If the beam is not focused, but 
is still slightly too powerful for the diffuser, the diffuser surface will 
typically begin to fade to a light tan/yellow shade over time.  If the 
diffuser isn’t perfectly white as when new, the reading on the sen

10

sor may be inaccurate.  Please see Figure 6..

Fig.	6			Diffuser	damage	
caused	by	excessive	
energy	density.		Note	
that	any	discoloration	or	
yellowing	of	the	diffuser	
surface	will	change	the	
reflectivity	of	the	unit	
and	therefore	change	the	
amount	of	light	energy	
incident	on	the	pyroelec-
tric	sensor.

Corrective Action: As 
diffuser damage is 
typically caused by excessive energy density, the only solution is to 
either attenuate the beam or expand the beam.  Please refer to sec-
tion five below for a more detailed description on beam size.
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V) Localized overheating of the coating:  

Explanation:  This is the number one cause of disc sensor replace-
ment with our sensors.  Each coating type offered by Ophir has a 
specific energy damage threshold for localized energy incident on 
the surface of the absorber.  The specification sheet for each unit 
will specify the general limit for energy before damage will occur.  
The following simple formulas are used to determine the energy 
density of your laser beam:

For	pulsed	lasers:

[formula	1]				Power	Density	=		

[	(	energy	per	pulse	(J)	*	rep.	Rate	(Hz)	)		/		(	0.785	*	diameter(cm)	2	)		]

[formula	2]				Energy	Density	=	

[	(	energy	per	pulse	(J)	)		/		(	0.785	*	diameter(cm)	2	)		]

These formulas have a few assumptions that many times are not 
the case.  The first assumption is that the laser beam profile is a 
homogenous one i.e. flat top profile.   This is certainly not the case 
for most lasers.  Many lasers ideally have a Gaussian profile, while 
others have spikes or other abnormalities in the profile.  These 
spikes can often have many factors of power and energy density 
greater than the beam has on average, resulting in small burn 
marks and localized overheating of the coating.  Ophir-Spiricon has 
a wide range of beam profiling devices available if you would like to 
determine the profile of your laser.  

Another subtle but extremely important thing to keep in mind is that 
pulsed lasers, particularly those with short pulse lengths (< ~500 µs) 
have extremely high instantaneous peak power densities.  For 
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example, although the laser might be pulsing at 5 Hz, if the pulse 
length is only 10 ns, all of the power is being delivered in a total 
time of only 50 ns out of every second.  Due to the short time period, 
all of the energy is being delivered in one powerful punch.  Many 
companies get away with this type of use as the sensor is exposed 
to the energy density for such a short period of time that the coating 
is literally being disintegrated in micro (perhaps nano) layers at a 
time, and resulting repair occurs every few years.  Due to the subtle 
nature of this type of damage, many times the user will not notice it 
occurring until after a significant number of pulses.  This is why test 
slides are included with new units.

For the broadband sensors, the damage usually occurs in one of 
two forms.  The first form is very similar to that outlined in the sec-
tion regarding gradual damage, simply occurring in an expedited 
manner.  The second type is when the limit is exceeded by a sig-
nificant amount, the layer between the pyroelectric crystal surface 
and the coating will actually separate, leading to chipping and flak-
ing of the coating.  When this type of damage is occurring, typically 
the underlying surface will be damaged as well, requiring entire 
disc replacement.

For the metallic sensors, the damage usually appears as a bluish 
mark, similar to the overheating of any standard metal.  The sensor 
will sometimes still continue to function and read within a reason-
able range from the original specification, however many times it 
will fundamentally change and read significantly different. There is 
not a guaranteed method to know when this change occurs, and 
therefore if you have any bluing of the surface we highly recom-
mend sending the sensor in for repair and recalibration. 

Catastrophic damage on pyroelectric sensors occurs when the 
crystal itself develops a crack.  Typically this occurs in the form of a 
stress fracture induced by the temperature differential between the 
overheated area and the rest of the sensor.  Once a crack is 



formed, the sensor typically stops functioning all together as the 
crack is similar to an open in the circuit.  Occasionally the crack 
will be small enough to allow the circuit to still function, but often 
times at an order of magnitude away from the standard.  We have 
also seen a few examples of overheating near the solder connec-
tion resulting in a circuit disconnect as well.  In a few rare cases, 
we have seen an extremely small crack induce a faulty secondary 
trigger as it harmonically vibrated between the actual laser pulses.  
This will result in faulty readings as well as faulty frequency values.

Fig.	7			Here	is	the	stan-
dard	broadband	damage	
that	we	see	often.		This	
may	simply	require	a	
recoating	of	the	surface,	
but	may	also	require	
full	disc	replacement	if	
the	surface	beneath	the	
coating	is	damaged	as	
well.

Fig.	8			Here	is	a	broad-
band	sensor	with	
significant	damage	
resulting	in	flaking	of	the	
coating.	This	one	will	
likely	require	full	disc	
replacement.
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Fig.	9			This	is	a	metallic	
sensor	with	overheating	
present	on	the	surface.		
It	was	still	functioning	
but	reading	approxi-
mately	10%	low	on	all	
wavelengths,	indicating	
a	fundamental	change	in	
the	sensor.

Fig.	10			Here	is	an	
example	of	catastrophic	
failure	on	a	metallic	
sensor.		This	unit	was	no	
longer	functioning	and	
the	as	found	data	was	
not	available.
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Fig.	11			This	is	an	
example	of	catastrophic	
failure	on	a	broadband	
sensor.		Notice	that	we	
have	removed	the	coat-
ing	to	show	the	extent	of	
the	damage	underneath.

Corrective Action: :  
To prevent localized 
overheating of the 
coating, the simplest 
solution is to attenuate 
the laser beam further.  
Alternatively, expansion of the laser beam to a size that is 1/3 of the 
aperture diameter or slightly larger is an option if attenuation is not 
feasible.  This will prevent many problems related to energy density.  
If the beam is already as large as possible, please contact one of 
our customer service representatives and we will help find a solu-
tion for your specific situation.  We have many different coatings 
designed to hold up to specific laser systems better than others. 

It is wise to look at the following example to illustrate the impor-
tance of beam size:

Laser	energy	per	pulse:		50.0	mJ

Beam	Size:	2.0	mm

Energy	Density	(using	Formula	2	above):

	 Energy	Density	=	[	(	0.050	(J)	)		/		(	0.785	*	0.2	2	)		]	=	1.59 J

At 1.59 J, if the pulse length is short enough, this would damage 
nearly all sensor coating types that we currently offer.  
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However if one were to simply expand the beam to 10mm or 1.0cm:

	 Energy	Density	=	[	(	0.050	(J)	)		/		(	0.785	*	1.0	2	)		]	=	0.06 J

It is quite evident from this example the extreme importance of 
beam diameter.  In this case, the resulting deviation is:

(	0.06	J	-	1.59	J		/		1.59	J	)	*	100		=	-96.23%

As illustrated in the example above, simply expanding the beam 
from 2.0 mm to 10.0 mm resulted in decrease in total energy density 
by over 96%!  If your laser is highly divergent, expanding the beam 
is as simple as moving the sensor further away from the focal point 
or waist region.  If you have a laser with low divergence, commer-
cially available beam expanders or simple negative lens systems 
may be the best option.  Please consult with the proper personnel 
before attempting to change any laser optical system, as improper 
setup can result in serious injury.

Need Additional Help?

Here at Ophir-Spiricon we are committed to the satisfaction of our 
customers.  If you would like to speak to a representative about 
any information contained in this article, about new products, or to 
optimize your laser measurement system for accurate, consistent, 
and highly repeatable results, please do not hesitate to contact us.  
See contact information on back.
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Ophir-Spiricon Calibration Team

3050 North 300 West

North Logan, UT 84341

435-753-3729

calibration@us.ophiropt.com

www.ophiropt.com/photonics

About Ophir-Spiricon
With over 30 years of experience, Ophir Photonics, a Newport Cor-
poration brand, provides a complete line of instrumentation includ-
ing power and energy meters, beam profilers, spectrum analyzers, 
and goniometric radiometers. Dedicated to continuous innovation 
in laser measurement, the company holds a number of patents, 
including the award-winning BeamTrack power/position/size 
meters and Spiricon’s Ultracal™, the baseline correction algorithm 
that helped establish the ISO 11146-3 standard for beam measure-
ment accuracy. The Photon family of products includes NanoScan 
scanning-slit technology, which is capable of measuring beam 
size and position to sub-micron resolution. The company is ISO/IEC 
17025:2005 accredited for calibration of laser measurement instru-
ments. Their modular, customizable solutions serve manufacturing, 
medical, military, and research industries throughout the world. 
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