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Additional References from UDT Instruments:
 
 Photomety & Radiometry:

Guide to Photometer & Radiometer System Configuration
              (PDF; including a catalog of UDTi components)
 
 Application Pages (on the UDTi website):
       LED Test & Measurement
       Laser Test                                   
       Fiber-Optic Test                                   
       General Radiometry   
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The early beg�nn�ngs of UDT Instruments can be traced to 1967 when 
a small group of �nventors at Un�ted Detector Technology (UDT) 
began manufactur�ng the f�rst commerc�ally ava�lable trans�mpedance 
ampl�f�ers for planar-d�ffused and Schottky barr�er s�l�con photosen-
sors . Over the next several years, th�s same group of people went on 
to p�oneer lead�ng-edge technolog�cal �nnovat�ons for photometers, 
rad�ometers, f�ber-opt�c power meters and opt�cal pos�t�on-sens�ng 
�nstruments . By the early 1980‘s, th�s h�ghly sk�lled and successful 
group grew �nto an autonomous ent�ty known as UDT Instruments .

Draw�ng on the momentum generated by UDT‘s prec�s�on photomet-
r�c �nstruments,the company developed an �nvent�ve handheld color-
�meter for the grow�ng telev�s�on and computer per�pherals markets . 
The development of UDT‘s SLS9400 color�meter prom�ses to strength-
en our company‘s pos�t�on as a leader �n prec�s�on electro-opt�cs 
�nstrumentat�on, wh�le meet�ng the str�ngent demands of a mult�tude 
of CRT cal�brat�on requ�rements . UDT �s po�sed and ready to excel to 
greater technolog�cal excellence w�th only one goal �n m�nd: to meet 
and exceed the ever-chang�ng needs of �ts customers worldw�de .

We at UDT Instruments stand beh�nd our products and the compan�es 
who use them . For th�s reason, we cont�nue to serv�ce those same 
l�ght-measur�ng �nstruments that we bu�lt twenty years ago . By offer-
�ng these serv�ces to our customers, both new and establ�shed, we 
stay �nvolved w�th our products and extend a personal touch to our 
bus�ness relat�onsh�ps . We know of no other company �n our �ndustry 
that h�res more qual�f�ed sales eng�neers, people who really under-
stand l�ght measurement pr�nc�ples and pract�ces . By h�r�ng such 
knowledgeable eng�neers, we ensure you that you w�ll get the best 
electro-opt�c �nstruments to f�t your appl�cat�on and budget . 

The �nstrument you rece�ve �s certa�n to be rel�able and accurate . We 
ma�nta�n a Qual�ty program that affects every �nd�cator module, sen-
sor head, and opt�cal accessory we sell . And when �t comes t�me for 
re-cal�brat�on, upgrades, or repa�rs, you’ll d�scover that our serv�ce and 
metrology departments reflect th�s same comm�tment to qual�ty and 
personal�zed serv�ce .

HiSToryHiSTory

ServiCeServiCe

QuAliTyQuAliTy

About uDT instruments
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UDT Instruments has always been and cont�nues to be at the forefront 
of l�ght  measurement technology . We hold U .S . and worldw�de pat-
ents on our QED products, wh�ch are absolute rad�ometr�c reference 
standards �n the v�s�ble and near IR spectrum . Our QED-200 product 
won a prest�g�ous IR-100 award as one of the 100 most s�gn�f�cant 
U .S . �nvent�ons �n 1986 . These products were developed �n conjunc-
t�on w�th the Nat�onal Inst�tute of Standards & Technology (NIST) and 
the Nat�onal Phys�cal Laboratory (NPL) . UDT Instruments cont�nues to 
work w�th the NIST under Cooperat�ve Research And Development 
Agreements (CRADA) �n order to develop even more state-of-the-art 
products �nto the 21st Century .

In add�t�on to our comprehens�ve "Gu�de To" tutor�al ser�es, UDT regu-
larly publ�shes art�cles �n trade journals and other sc�ent�f�c l�terature 
wh�ch we've made ava�lable as appl�cat�on notes to expla�n subtle 
deta�ls and appl�cat�ons of our technology .

UDT �s comm�tted to support�ng the �ndustry through �ts profess�onal 
soc�ety aff�l�ates . We are proud to be susta�n�ng members of: 

Soc�ety of Photo Opt�cal Instrumentat�on Eng�neers (SPIE)
Opt�cal Soc�ety of Amer�ca (OSA)
Nat�onal Assoc�at�on of Broadcasters (NAB)
Laser Inst�tute of Amer�ca (LIA)
Illum�nat�ng Eng�neer�ng Soc�ety of Amer�ca (IES)
Soc�ety For Informat�on D�splay (SID)

UDT also act�vely part�c�pates �n the Counc�l for Opt�cal Rad�at�on 
Measurement (CORM) and the Comm�ss�on Internat�onale l'Ecla�rage 
(CIE) .

UDT Instruments warrants that �ts products are free from defects 
�n mater�al and workmansh�p under normal use and serv�ce for a 
per�od of one year from the date of sh�pment from our factory . UDT 
Instruments‘s obl�gat�on under th�s warranty �s l�m�ted to the replace-
ment or repa�r of any product determ�ned to be defect�ve dur�ng the 
warranty per�od, prov�ded the product �s returned to the factory pre-
pa�d . Th�s warranty does not apply to any equ�pment that has been 
repa�red or altered, except by UDT Instruments, or wh�ch has been 
subject to m�suse, negl�gence, or acc�dents . It �s expressly agreed 
that th�s warranty w�ll be �n l�eu of all warranty of merchantab�l�ty . No 
other warranty �s expressed or �mpl�ed . UDT Instruments �s not l�able 
for consequent�al damages .

•
•
•
•
•
•

TeCHnologyTeCHnology

PubliCATionSPubliCATionS

ProfeSSionAl 
SoCieTieS
ProfeSSionAl 
SoCieTieS

WArrAnTyWArrAnTy
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Application information

Rad�ometry �s the measurement of rad�at�on �n the electromagnet�c  
spectrum . Th�s �ncludes ultrav�olet (UV), v�s�ble and �nfrared (IR) l�ght .

Electromagnet�c rad�at�on �s character�zed by �ts frequency of  
osc�llat�on . The frequency determ�nes the "color" of the rad�at�on (see 
F�gure 1) . The speed of l�ght �s a constant, and frequency �s related to 
wavelength by the relat�onsh�p:

 C = λγ

 C = speed of l�ght

 γ = wavelength

 λ = frequency

The preferred un�ts of measure for wavelength 
are nanometers (nm) and m�crometers (µm or 
"m�crons") .

The v�s�ble reg�on of the electromagnet�c spectrum 
can d�v�de �nto the bas�c colors of the ra�nbow: red, 
orange, yellow, green, blue, �nd�go and v�olet . Red 
l�ght has the longest wavelength �n the v�s�ble reg�on 
(780 nm) . V�olet has the shortest (380 nm) .

Ultrav�olet l�ght �s shorter �n wavelength than v�s-
�ble l�ght . It extends approximately from 10 nm to 
400 nm . And l�ke other colors of the v�s�ble reg�on, 
UV can be subd�v�ded �nto 3 smaller reg�ons: UVA, 
VUV and UVC . The UVA reg�on ranges from 400 
nm down to 320 nm and �s the least harmful of UV 
rad�at�on . The vacuum-ultrav�olet (VUV) and UVC 
reg�ons are shorter and �mportant to the study of 
cancer .

Infrared l�ght extends from 700 nm to 100 m�crons .  
Its reg�ons are known as near-IR, m�d-IR and far-IR .

Measurements of opt�cal rad�at�on requ�re spec�f�c 
methods to obta�n accurate measurements . UDT Instruments sup-
pl�es cal�brated detector/f�lter comb�nat�ons that cover from 200-
1800 nm (0 .2 to 1 .8µm) . To obta�n accurate measurements, one must 
understand the l�ght source (� .e . laser, lamp, LED); the opt�cal med�um 
(� .e . a�r, water, opt�cs); and the part�cular response character�st�cs of the 
detector .

inTroDuCTion

Figure 1

λ

780
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imPorTAnT TermS

Application information

In order to accurately 
descr�be an opt�cal source, 
one must use the correct 
un�ts and know how these 
un�ts apply to detector-
based rad�ometry . In prac-
t�cal l�ght measurement 
appl�cat�ons, the rece�ver of  
opt�cal rad�at�on �s a detec-
t�on dev�ce that converts 
opt�cal rad�at�on to electr�cal 
current accord�ng to a known 
relat�onsh�p .

      The chart d�splayed on the 
l            left �s a short breakdown of 

             rad�ometr�c terms and the�r correspond�ng un�ts of measure .

radiant energy
Rad�ant energy refers to the amount of power reach�ng a g�ven po�nt accu-
mulated over t�me . Th�s �s referred to as joules (watt-second).

radiant flux
Rad�ant flux �s the fundamental un�t �n detector-based rad�ometry . It 
�s def�ned as the total opt�cal power of a l�ght source, and �s expressed 
�n watts.

To measure rad�ant flux, the detector must collect all em�tted l�ght . 
Examples of typ�cal flux measurements are shown �n F�gure 2 . Focused 
lasers and f�ber opt�c cables requ�re only the proper sensor head because 
the source and detector can be conf�gured so that all rad�at�on �s �nc�dent 
w�th�n the act�ve area of the sensor . D�verg�ng l�ght sources, such as LEDs 
and lamps, may requ�re an �ntegrat�ng sphere to capture l�ght rad�at�ng �n 
several d�rect�ons .

irradiance
Irrad�ance �s the amount of rad�ant flux �nc�dent on a known surface area . 
Its �nternat�onal un�t of measure �s watt/m2 . However, because many sen-
sor heads have a 1-cm2 detector area, �t �s s�mpler to use watt/cm2 .

There are two ways to control the s�ze of the detector area . The f�rst �s 
to use a sensor head w�th a known detector area .  The  
second �s to place an aperture w�th a known area between the source 
and the detector . When source rad�at�on does not  
completely f�ll the detector, an aperture �s the only rel�able method of 

                 controll�ng detector area .

	        Quantity Symbol units Abbrev.

         Rad�ant energy Q joule=watt-second J=W•s

         Rad�ant energy dens�ty U joule/m3 J/m3

         Rad�ant flux (Power) Φ,P watts=joules/second W=J/s

         Irrad�ance E watts/m2 W/m2

         Rad�ant ex�tance M watts/m2 W/m2

        Rad�ance L watts/m2•sterad�an W/m2•sr

         Rad�ant �ntens�ty I watts/sterad�an W/sr

Radiometric Quantities and Units

figure 3

Focused Beam

Fiber Optic

Laser Beam

Aperture

Detector

figure 2
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imPorTAnT TermS

Application information

radiant exitance
Rad�ant Ex�tance, a property of the l�ght source, �s the total  
rad�ant flux from the source d�v�ded by the surface area of the source . 
Its un�t of measure �s watt/m2, s�mpl�f�ed as watt/cm2 . Th�s type of 
measurement only appl�es to extended l�ght sources and �s useful for 
mak�ng eff�c�ency measurements of d�fferent l�ght source mater�als .

To make rad�ant ex�stence measurements, one must know the  
surface area of the source and then measure the total rad�ant flux 
leav�ng the source .

radiant intensity
       Rad�ant Intens�ty �s the amount of flux em�tted through a known sol�d 
       angle . It �s measured �n watts/steradian .

       To measure rad�ant �ntens�ty, start w�th the angle subtended by the 
       detector at a g�ven d�stance from the source (see F�gure 4) . Then d�v�de 
       the amount of flux by that sol�d angle .

       Rad�ant Intens�ty �s a property of the l�ght source and may not  
       be relevant �f the spat�al d�str�but�on of rad�at�on from the source  
       �s non-un�form . It �s appropr�ate for po�nt sources (and for close 
       approx�mat�ons, such as an LED �ntens�ty measurements), but not for 

coll�mated sources .

radiance
Rad�ance �s the rad�ant �ntens�ty em�tted from a known un�t area 
of a source . Un�ts of rad�ance are used to descr�be extended l�ght 
sources, such as a CRT or an EL/O Panel un�t for character�z�ng po�nt 
sources .

To measure rad�ance, you need to def�ne the area of the source to 
be measured, and also the sol�d angle rece�ved (see F�gure 5) . Th�s 
�s usually s�mulated us�ng an aperture and a pos�t�ve lens �n front 
of the detector . It �s expressed as watts/cm2·ster .

figure 4

Detector
Acceptance
Angle

Source Aperture Detector Aperture

figure 5
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Application information

Rad�ometr�c Sensors may be compr�sed of a detector (� .e . s�l�con or ger-
man�um) and a f�lter, or a comb�nat�on of f�lters .  F�lters can be spec-
trally matched to detectors to create a des�red response curve . Th�s �s 
accompl�shed by attenuat�ng certa�n wavelengths .

The relat�onsh�p between detectors and f�lters �s del�cate . A small var�-
at�on �n the th�ckness of the f�lter mater�al �s enough to cause a d�ffer-
ence �n the way two �dent�cal sensors perform . Therefore, sensors must 
be cal�brated �nd�v�dually, to measure the�r un�que respons�v�t�es (the 
relat�onsh�p between detector output s�gnal and �nc�dent flux) .

One method of detector cal�brat�on �s by "transfer of standards ." Us�ng 
th�s method, a detector �s cal�brated by compar�ng �t w�th another 
detector of known response . The�r respons�v�t�es are measured by 
alternately plac�ng the two detectors �n a rad�ant beam of known 
wavelength and �ntens�ty (refer to explanat�on �n left �nsert) .

UDT Instruments cal�brates each sensor head aga�nst a NIST-traceable 
detector . The cal�brat�on data �s then matched to a readout dev�ce .

Calibration by Transfer of Standards

Rλt = Respons�v�ty of the test detector at 
 wavelength (λ)  .(A/W)
Rλr = Respons�v�ty of the reference detector at 
 wavelength (λ)  .(A/W)
Iλt =  Measurement of the test detector at 
 wavelength (λ)  . (A)
Iλr =  Measurement of the reference detector at 
 wavelength (λ)  .(A)

CAlibrATion of SenSorS

Rλt(A)=Rλr(A)(I lt(A)A
W

A
W

Iλt(A)
Iλr(A)
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Select�ng a properly cal�brated Rad�ometr�c head and the r�ght readout dev�ce are �mportant �n obta�n�ng 
accurate results .

The sensor head converts electromagnet�c rad�at�on �nto an electr�cal s�gnal . The readout dev�ce then 
rece�ves th�s s�gnal and �nterprets �t . A properly cal�brated measurement system w�ll measure the l�ght 
source and d�splay the measurement �n the appropr�ate opt�cal un�ts .

The readout un�t should be selected accord�ng to �ts features, and the detector head should be selected 
accord�ng to �ts power measurement range, wavelength cal�brat�on and s�ze .  The two matched together 

w�ll accurately measure the source �n the 
correct opt�cal un�ts .

Consider The Source
As descr�bed prev�ously �n the “�mportant 
terms” sect�on, opt�cal sources are character-
�zed by certain units 

Coll�mated l�ght sources, such as lasers, are 
typ�cally character�zed by radiant flux mea-
surements  (F�gure 6) . A beam that overf�lls 
a sensor head may be character�zed by �ts 
power density (irradiance) �n watts/cm2 . 
An �ntegrat�ng sphere can also be used �n a 
rad�ant flux measurement �n order to attenu-
ate the laser power to be w�th�n the l�m�ts of 
the sens�ng dev�ce .

Point sources, such as LEDs, are characterized �n un�ts of radiant intensity, prov�ded the spat�al  
d�str�but�on �s un�form . Th�s type of measurement �s eas�ly ach�eved w�th an aperture and baffled tube to 
def�ne the sol�d angle of detector acceptance . Measurements must always be made w�th a  
cons�stent sol�d angle . Th�s constant sol�d angle may be def�ned by the detector's area and �ts d�stance 
from the po�nt source . A po�nt source may also be def�ned by un�ts of radiant flux, prov�ded all the rad�a-
t�on �s captured �n an �ntegrat�ng sphere .

Un�form extended sources such as lamps may be character�zed by radiant flux or irradiance measurements .

Un�form extended sources such as flat-panel LCD d�splays, are best character�zed by un�ts of radiance .

energy measurements
Measurements of pulsed sources requ�re spec�al cons�derat�ons . The standard un�t of opt�cal energy �s 
the joule (watt-second) . Integrat�ng the s�gnal over a known t�me per�od makes energy measurements . 
When mak�ng energy measurements of pulsed sources us�ng s�l�con and german�um detectors, one must 
cons�der the effects of peak power on the detector . Saturat�on of the detector w�ll cause the detector to 
behave non-l�nearly and w�ll result �n measurement error .

Application information

Attenuator or
Integrating Shere

Laser

Radiometer

Filter

Detector

figure 6

HoW To SPeCify A rADiomeTer SySTem
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Application information

      Wavelength and optical filters
        Opt�cal f�lters can be des�gned to allow certa�n wavelengths to pass through,
        wh�le screen�ng out others . A f�lter can be selected to mod�fy a detector's 
        response �n order to l�m�t the bandpass to match some des�red response curve 
        or to attenuate the �nput s�gnal by a known amount . Many f�lter and detector 
c      comb�nat�ons must be cal�brated to ensure measurement accuracy .

        A detector/f�lter comb�nat�on that ach�eves a spectrally flat response (F�gure 7) 
        �s espec�ally useful for measur�ng broadband sources or sources where the 
        peak wavelength �s uncerta�n or may vary . UDT Instruments’ newest flat f�lters 
        are accurate between 450 and 950 nm to w�th�n ±5% .

        Detector/f�lter comb�nat�ons that allow a spec�f�c broadband transm�ss�on are 
        well su�ted for measur�ng arc lamp d�str�but�on peaks,  visible light or UV 
        spectral content (F�gure 8) .

        Narrow bandpass f�lters are usually ut�l�zed for laser power  
        measurements . Th�s type of detector/f�lter comb�nat�on assures that only the 
        monochromat�c rad�at�on from the laser reaches the detector's act�ve surface .

        An �mportant cons�derat�on to make before spec�fy�ng a sensor head �s how 
        much power w�ll be measured . In add�t�on to hav�ng a well-def�ned wave-
        length range, they should also have a well-def�ned power handl�ng capac�ty .

       Silicon ingaAs, and germanium 
       as Light Measurement materials     

S      S�l�con, InGaAs and german�um are espec�ally well su�ted to measure l�ght . 
T      these mater�als are spec�ally processed to convert �nc�dent rad�at�on to an 
        electr�cal s�gnal by the photoelectr�c effect . The convers�on rat�o or detector  
r      respons�v�ty �s l�near over the sensor's �nput range . For a s�l�con sensor, th�s 
        range spans 12 decades . For a german�um sensor �t spans 9 decades . The
        sensor's response �s also un�form over the act�ve surface, mak�ng �t �deally su�ted 
        for both power and power dens�ty measurements .

        The InGaAs sensors are used �n the Telecommun�cat�ons/F�ber Industr�es when    
        h�gh sens�t�v�ty, low dark current, and h�gh dynam�c �mpedance are needed .

        Once the appl�cat�ons and character�st�cs of the source and rece�ver have 
        been fully def�ned, a rad�ometer system can be selected .

        UDT Instruments offers rad�ometer systems rang�ng from an extremely por-
        table handheld meter that �s durable enough for f�eld use to a soph�st�cated 
        benchtop model that �nterfaces w�th a computer�zed data acqu�s�t�on system .
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HoW To SPeCify A rADiomeTer SySTem

http://www.udtinstruments.com/pdf/System_Configuration_Guide.pdf
jleland
Text Box
SEE ALSO:       The Guide to Photometer & Radiometer System Configuration,            available as a free PDF                       download at:    www.udtinstruments.com
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