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Advances in damage thresholds and measurement accuracy complement the 

instrument fundamentals and available options for power meters. 

A thermopile consists of an array of thermocouples connected together in series in 

order to increase the voltage output to more easily measured levels (millivolts vs. 

microvolts). It may be formed by a dissimilar metal junction, or from semiconductor 

(Peltier) junctions. In use, absorption of a laser beam creates heat at the receiver area 

of the power probe. The amount of heat, and thus the temperature rise at the receiver, 

is determined by the power level of the laser beam. The heat flows to either an air- or 

water-cooled radiator which is nearly at a constant ambient temperature (unless the 

probe power rating is greatly exceeded!). The radiator will be referred to as a heat 

sink. The thermopile hot junctions are located at or near the laser receiver, while the 

cold junctions are located at the heat sink. The probe voltage output results from the 

temperature rise between the hot and cold junctions produced by the absorbed laser 

energy. The two types of thermopile probes in use today are distinguished by using 

radial or axial heat flow paths from receiver to heat sink. 

Probes constructed with dissimilar metal junctions use a radial flow heat path from 

the center to the outside of a thermal disk assembly. The heat sink is attached to the 

outside circumference of a metal disk which has the laser absorbing element attached 

(or coated) in its central area. This approach gives a fast response time on the order of 

one second to register changes of laser input power. It is also easy to scale up to 

kilowatt power levels by using a thicker disk and/or going to copper instead of 

aluminum as the disk material. Dissimilar metals are vacuum deposited on the back of 

the disk in a pattern such that the hot junctions form a closed ring around the laser 

absorbing area, and an equal number of cold junctions are located around the outside 

of the disk. If thermopile junctions, thermal disk and mechanical interface to the heat 

sink are uniform, the voltage responsivity (mV/W) is near constant regardless of 

where the laser is positioned on the disk. In some older thermal disk designs, 

non-uniformity was inherent therefore forcing the user to carefully center the laser 

beam for any measurement. 

 

 

 



 

 

 

Semiconductor-based thermopile probes employ a more traditional axial flow path for 

absorbed heat. In this case a layered construction is used to assemble the probe. The 

heat sink is positioned behind a disc shaped laser absorbing element, and Peltier 

junctions are sandwiched between the absorber and heat sink. The junctions are tiled 

together to match the size of the absorber. The heat flows straight back (axially) from 

the absorber as opposed to a radial outward direction. This has the advantage of 

scaling easily to very large absorber areas, however, a slow time constant (on the 

order of 30 seconds) results form the thermal impedance of the junction assemblies. 

 

 

 

 

 

 

 

 

Consider the Sensor 

The first thing to consider when selecting a power meter is the sensor. Since the 

development of thermopile power meters, optically black paint has been employed as 

the actual surface absorbing material. The paint is organic in composition and is easily 

applied in a uniform pattern onto a thermal disc. Most black optical paints can be 

considered to be spectrally flat from UV to Far IR. Spectrally flat can be defined as a 

deviation of ?3% from 250 nm to 11 痠. It is still being used today on thermopile 

sensors. 

However, as lasers have become more and more powerful, other materials were 

developed. The damage threshold of the optical black paint for CW lasers is 200 to 

500 W/cm2 and 50 to 80 mJ/cm2 for pulsed lasers (10 nsec FWHM). This was good 

enough for many lasers in the 1960s and 1970s, but as laser power and energy 

increased the sensors took a beating. Of course as that happened the accuracy of the 

probe degraded significantly. To address this problem power meter manufacturers 

came up with some new power probe designs. 

For short pulse, high peak power lasers a volume absorbing material was employed. 

The material of choice for a Q-switched fundamental Nd:YAG was NG1 Schott Glass. 

It has a very high damage threshold at 10 J/cm2 for this type of laser, enough to 

handle the most powerful short pulse lasers in the 1970s and most of the 1980s. The 



drawback of this volume absorbing material is its low CW damage threshold, only 50 

W/cm2. That was okay for quite some time as most of those lasers only ran at 10 Hz, 

but in the late 1980s and early 1990s pulse repetition frequencies started climbing to 

20, 30 Hz and beyond, with average powers above 50 Watts. With a typical beam 

diameter of 8 mm, average power densities started exceeding the 50 W/cm2 level. 

Today, this is still a problem as no better volume absorbing materials have been found. 

The best the manufacturers can do is to design the sensor so that the glass absorber 

can easily be replaced in the field without the need for recalibration. 

To increase CW laser damage thresholds, some manufacturers resorted to using hard 

anodized coatings, although spectral flatness was harder to achieve. Damage 

thresholds of up to 2 kW/cm2 were achieved but no better. One disadvantage was that 

the coatings were very thin and ablated easily exposing the more reflective aluminum 

surface. In the early 1990s Molectron Detector Inc., with the introduction of their first 

thermopiles, also broke the damage threshold barrier with an astonishing material that 

can withstand 26 kW/cm2 of focused CW Nd:Yag Laser power (as verified by Big 

Sky Laser Technologies damage testing). It represented a 10-fold increase in the 

previous coatings employed. The short pulse damage threshold was also astounding at 

600 mJ/cm2, although not quite good enough for today 1 to 3 J, 10 nsec FWHM solid 

state lasers. In addition, a UV version of the coating was developed to handle the high 

energy of Excimer lasers (typically 400mJ per pulse). 

Accuracy 

Calibration is of course a central issue with laser power meters. The power meter 

manufacturer needs to build a sensor which is highly linear with input power, uniform 

in responsivity across the active receiver area, and rugged enough to maintain its 

performance despite heavy use. After accomplishing this engineering feat, however, 

each device must be compared to a primary standard in order to specify its calibration 

factor in units such as V/W. Between random and systematic sources of error in 

calibration transfer, it is systematic error that causes the most serious problems in the 

process of comparing production probes to reliable standards. 

Molectron Detector, Inc. has always endeavored to apply the most reliable technology 

available, particularly as applied to calibrations. In the 1980s this meant using the 

approach of electrical heating substitution. The concept of electrical substitution is to 

embed a heating element into the active area of the laser power sensor. When current 

is run through the heater, an output signal can be measured from the probe. The 

relation between probe output and heater current is very repeatable, as expected for a 

purely electrical measurement. However, there are numerous factors which can cause 

the probe output to be different for the same of number of watts of optical versus 

electrical input. These deviations contribute to what is referred to as the 



nonequivalence error. Some examples are nonzero reflectivity of the optical absorber 

(less than 100% of the optical energy is converted to heat), heating of the leads 

connecting the heating element, and the fact that the electrically-generated heat is 

typically produced in a different location than where optical absorption occurs. 

Compared to the hit-or-miss approaches which preceded it, electrical substitution was 

a major step forward in its time. However, it is very difficult to obtain correct results 

with a disk-shaped absorber operating in air. Current work at NIST invo lving 

electrical substitution involves complex assemblies which are operated in high 

vacuum and/or cryogenic temperatures in order to adequately reduce nonequivalence 

errors. 

Molectron Detector, Inc. utilized commercially available electrically calibrated power 

meters to calibrate its pulsed laser joulemeters for several years. Finally, in 1991 the 

National Institute of Standards and Technology (NIST) came on line with direct 

optical calibration of pulsed joulemeters. The NIST calibrated joulemeter immediately 

revealed a 6 percent discrepancy in the optical responsivity of probes which had been 

compared to the electrical substitution standard. (Several manufacturers currently 

claim absolute NIST traceable accurracies of 0.5 to 1.0% relying on electrical 

substitution, which is impossible since NIST themselves can only calibrate to about 

1.5% accuracy, and then one has to transfer that calibration). This forced a painful 

change in production probe responsivity which was immediately noticed by customers 

who applied their own consistency checks. However, since making the switch to 

optical calibration standards, no further adjustments have been needed. By using 

all-optical calibration methods for productions probes, the difficulty in making the 

connection between optical and electrical power is left to the specialists at NIST. 

Power Display 

After carefully considering both laser characteristics and thermopile power probe 

limitations, one selects the power probe and moves to the next task of choosing 

electronic readout. Power Meter manufacturers normally have a wide range of display 

units to choose from. Choices include: analog and/or digital displays; manual and/or 

auto ranging; volts, watts and joules functions; and many others. What should drive 

the choice is the requirements of your particular application. If you are tweaking the 

laser output then there is nothing like a true analog meter to look for the "trend" of 

laser power. If you taking final power measurements to qualify a laser for shipment, 

then you need to see a digital reading of Watts. If you monitoring the long term 

stability of your laser and want to automate the process then you want a digital output 

in RS-232 or IEEE-488 format. Would it be nice if you could find every feature you 

need in one instrument? Well, we are lucky, most Power Meter Manufacturers offer 

high end, laboratory Power Meters that have it all. One such instrument was recently 



developed by Molectron Detector, Inc. -- the EPM1000/EPM2000. 

Conclusion 

The ubiquitous power meter will always be with us to accurately measure the output 

of the ever evolving multitude of Pulsed and CW lasers. The biggest advancements in 

Power Meter technology have been in variety, accuracy and ruggedness of the thermal 

probes and versatility, accuracy and user- friendly nature of new Power Meters. One 

thing that must be factored into any power meter purchase decision is service costs 

over the lifetime of the product as new ISO9000 and ANSI Z540 standards require 

annual recalibration of equipment used to measure laser outputs. In addition Customer 

Service can� be ignored, as quick turn-around service and recalibration of these 

products means less down time and therefore money saved. 


