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Introduction
The OMH-6700B series of optical measure-

ment heads measure wavelength to within 

±0.5 nm accuracy for the 6730B series and to 

within ±1 nm for the 6720B series for narrow 

linewidth sources.  Many sources such as 

LED’s and laser diodes may have wider line-

widths, affecting the accuracy of a 6700B 

series wavehead measurement.  As the line-

width increases, the wavehead’s measured 

value drifts from the center wavelength of the 

source.  If a source has a full-width, half-max 

linewidth of 7 nm, there may be relative errors 

of as much as ±0.1 nm between the center 

wavelength of the source and the wavehead 

reading.

This application note offers a technique to cal-

culate the relative error between the center 

wavelength of a wide-linewidth source and the 

reading of a OMH-6700B series wavehead.  In 

addition, results are given for a Gaussian and 

a non-Gaussian source.

Wavehead Design
The OMH-6700B series waveheads use a 

unique colored-fi lter system, along with inte-

grating sphere technology, and single-element 

photodiodes, to measure wavelength of light 

sources.  Light enters the waveheads and 

is dispersed by an integrating sphere, after 

which it is directed through the colored-fi lter 

system to the photodiodes (refer to fi g. 

1).  Because transmission through the fi lter 

system depends on the wavelength, light 
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passing through the system generates a 

unique pair of currents in the two photodi-

odes.  The OMM-6810B optical multimeter 

calculates the ratio of these currents and 

looks up the current ratio in a calibration 

table stored in the wavehead, reporting the 

corresponding wavelength to the user.  For 

an example of such a calibration ratio curve, 

see fi gure 2.

ILX Lightwave individually calibrates each 

wavehead.  The calibration techniques used 

to generate the chart of current ratios in the 

OMH-6700B series can be directly traced 

to NIST, The National Institute of Standards 

and Technology (see Application Note No.12 

“Calibration and Traceability of ILX Lightwave 

Optical Power Meters” for more information).  

ILX Lightwave uses reference standards sim-

ilar to in-house NIST transfer standards in 

its calibration station.  When used in con-

junction with a monochromator, the calibra-

tion technique allows the OMH-6700B series 

to provide accurate power and wavelength 

measurements from 400 to 1600 nm.

Figure 1.
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source and the OMH-6700B series wavelength 

reading.  Using typical photodiode responsiv-

ity curves, one calculates the total current the 

Gaussian source generates in each photodi-

ode by multiplying the Gaussian source spec-

trum by the responsivity of the photodiode and 

summing over wavelength. 

I 
Total

 =       (Gaussian Spectrum) * (Responsivity)

Then, after calculating the current produced 

in each photodetector and taking into account 

the light fi ltering processes, it is possible to 

calculate the current ratio generated by the 

Gaussian source.

Ratio
Gaussian

 =  I Photodetector #1

                       I Photodetector #2

The difference between the stored calibration 

ratio and the calculated Gaussian ratio, when 

multiplied by the change in the calibration ratio 

with respect to the known center wavelength, 

yields the relative error between the center 

wavelength of the Gaussian source and the 

wavehead reading.
 

Relative Error = (Ratio
Calibrated

 - Ratio
Gaussian

) 

   * d(Ratio
Calibrated

)

    d λ

Wide Linewidth Sources
Because the light of many different wave-

lengths is present in a wide linewidth source, 

the OMH-6700B series may not measure the 

source’s center wavelength.  As the light from 

a wide linewidth source passes through the 

colored-fi lter system, the multiple wavelengths 

present pass through the system in varying 

manners.  The fi lter system’s transmission 

depends on wavelength, and each wavelength 

passes through slightly differently.  In addition, 

semiconductor devices have different respon-

sivity for different wavelengths (see fi g. 2).  

As the various wavelengths hit the photodi-

ode, each produces a current dependent on 

its wavelength.  When light from the wide line-

width source hits the photodiode, instead gen-

erating a current directly correlated to a spe-

cifi c wavelength, the light generates a current 

in the photodiode which is the sum of the cur-

rents produced by the different wavelengths 

present.  Thus, the total photodiode current 

depends on the wavelengths present and the 

responsivity of the photodiode.

The Error Calculation

Assuming a perfect, Gaussian source with a 

full-width, half-max value of 40 nm, it is pos-

sible to make an estimate of the relative error 

between the center wavelength of the Gaussian 

Figure 2.

Figure 3.



3

Results for a Gaussian source with a full 

width, half max value of 40 nm and a center 

wavelength of 1300 nm are plotted in fi gure 3.

Results
The wider the linewidth of a source, the 

greater the difference between the wavehead 

reading and the center wavelength.  In fi gure 

4, the absolute values of the relative error are 

plotted vs. linewidth.

However, because the error in reading 

depends on the responsivity of the detector, 

it also depends upon wavelength (see fi g. 5).  

Notice how the relative error is greatest at 

the wavelengths (such as 1400 nm) where the 

responsivity’s slope is greatest (refer back to 

fi g. 2).  The larger relative error around 1100 

nm is due to the characteristics of the colored-

fi lter system.

Non-Gaussian Source Results
Repeating the same analysis as above with a 

cosine spectrum source provides an estimate 

on the error of the wavehead reading for LED 

sources.  Once again, the source is idealized.  

In this case, the source is identically zero out-

side the single cosine peak.  Figure 6 plots the 

Figure 4. Figure 5.

Figure 6. Figure 7.
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absolute values of the relative error against 

the linewidth of the source. As before, this 

error also depends upon wavelength. Finally, 

fi gure 8 plots the results for a cosine spectrum 

source with a full-width, half-max value of 60 

nm.

Visible Spectrum
In addition, these calculations were performed 

for wide-linewidth sources in the visible spec-

trum.  For these calculations, the responsivity 

of a typical silicon photodiode is used, along 

with the calibrated ratio curve from a 6720B 

series wavehead.

Assuming cosine spectrums of varying wave-

lengths and linewidths, the relative errors 

between the center wavelength of the wide 

linewidth sources and the 6810B reading are 

plotted in fi gure 10.  These errors are not plot-

ted as absolute values as they are in previous 

plots.

Because the responsivity of silicon falls dra-

matically around 1000nm, the relative error 

tends to be larger than elsewhere.  Any time 

a source emits around this wavelength, expect 

a higher relative error than elsewhere in the 

visible spectrum.

Conclusion
It is possible to estimate the relative error 

between the 6700B series wavehead read-

ings and the center wavelengths of wide line-

width sources.  The 6700B wavehead series 

measures the power-averaged wavelength of 

narrow linewidth sources.  However, due to 

the dependence of photodiode responsivity on 

wavelength, if the source’s linewidth is greater 

than 7 nm, expect the wavehead reading to 

differ from the center wavelength by ±1 nm or 

more.

Figure 8.

Figure 9.

Figure 10.
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