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IRD UV PHOTODIODES
Absolute UV Silicon Photodiodes 

- AXUV Series

AXUV Operating Principles
When these diodes are exposed to photons of 
energy greater than 1.12 eV (wavelength less 
than 1100 nm) electron-hole pairs (carriers) 
are created. These photogenerated carriers 
are separated by the p-n junction electric field 
and a current proportional to the number of 
electron-hole pairs created flows through an 
external circuit. For the majority of XUV pho-
tons, about 3.7 eV energy is required to gene-
rate one electron-hole pair. Thus more than 
one electron-hole pair is generally created by 
these photons. This results in device quan-
tum efficiencies (electrons seen by an exter-
nal circuit per incident photon) much greater 
than unity, which increase linearly with pho-
ton energy.

Two unique properties of the AXUV photo-
diodes provide previously unattainable sta-
ble, high quantum efficiencies for XUV pho-
tons. The first property is the absence of a 
surface dead region i.e. no recombination of 
photogenerated carriers in the doped n-re-
gion or at the silicon-silicon dioxide interfa-
ce. As absorption depths for the majority of 
XUV photons are less than 1 micrometer in  
silicon, the absence of a dead region yields 
complete collection of the photogenerated 
carriers by an external circuit resulting in 
100% carrier collection efficiency and near 
theoretical quantum efficiency.

The second unique property of the AXUV 
diodes is their extremely thin (3 to 7 nm),  
radiation-hard silicon dioxide junction passi-
vating, protective entrance window. Owing to 
these two outstanding properties, the quan-
tum efficiency of AXUV diodes can be approx-
imately predicted in most of the XUV region 
by the theoretical expression Eph/3.7, where 
Eph is the photon energy in electron-volts. 

The only quantum efficiency loss is due to the 
front (3 to 7 nm) silicon dioxide window at 
wavelengths for which (mainly for 7 to 100 eV 
photons) oxide absorption and reflection are 
not negligible.

At wavelengths shorter then about 0.41 nm or 
longer then about 700 nm, the response of 
the photodiode will be limited by the "effec-
tive silicon thickness" diode. The exact wave-
lengths where the effect becomes important 
depends on the effective silicon thickness. In-
cident light at these wavelengths will transmit 
through the active collection region of the si-
licon and responsivity will be reduced from 
its ideal value. The effective silicon thickness 
can be measured at IRD's radiometric charac-
terization facility; due to the absolute nature 
of the detectors, this thickness can be used to 
calculate diode responsivity up to energies 
of 50 keV (see the Absolute X-ray Detectors 
page).
  
Figure 1 shows typical quantum efficien-
cy plots for AXUV photodiodes with various  
oxide and silicon thicknesses.

Figure 1 - Typical quantum efficiency of the  
AXUV photodiodes.

*This text is copied from our supplier OptoDiode Inc. The original 
document can be found, here.

https://optodiode.com/photodiodes-axuv-detectors.html
https://optodiode.com/photodiodes-axuv-detectors.html
https://optodiode.com/
https://optodiode.com/pdf/1.%20IRD%20Photodiodes%20-%20AXUV%20Operating%20Principles%20and%20Apps.pdf
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Owing to their extremely thin (3 to 7 nm) 
entrance window, AXUV diodes exhibit near 
theoretical response to low energy electrons 
and hydrogen ions. Figure 2 shows the re-
sponsivity of AXUV photodiodes to photons 
with 10 to 4000 eV energy and to electrons 
and hydrogen ions with 100 to 40,000 eV en-
ergy.

These diodes have been approved as trans-
fer standards in the XUV spectral range be-
cause  of their ease of use, excellent stability 
and spatial homogeneity of quantum efficien-
cy, large dynamic range (over eight orders of 
magnitude), small size, ruggedness, and ult-
rahigh vacuum compatibility. These diodes 
are operated in the open face configuration 
down to Angstrom wavelengths, even in the  
presence of gases. This feature gives the AXUV 
diode based spectrometers an important ad-
vantage over present XUV spectrometers ba-
sed on conventional detectors, which need to 
be used either in vacuum or with a window.

Due to these unique features, AXUV photo-
diodes have been successfully used in the 
European SOHO and Coronas-Photon, and 
American SNOE, SORCE, GOES, TIMED and 
EOS solar space instrumentation.

An AXUV multi-element diode array has been 
successfully used in a Ring Accelerator Expe-
riment (RACE) at Lawrence Livermore Natio-
nal Laboratory and also by other fusion rese-
arch laboratories around the world to obtain 
radiated power vs. length and radius profi-
les of the plasma. Owing to its fast response 
speed, the array was found to yield excellent 
time resolution of power in quasisteady plas-
ma transients.

Small active area AXUV diodes optimized for 
high response speed were found to be ideal 
detectors for XUV measurements in a joint 
US/Russian magnetized target fusion experi-
ment. The performance of the AXUV diodes 
tested was found to be comparable with that 
of diamond detectors with orders of magni-
tude lower cost.

Several quadrant AXUV diodes with central 
holes and rectangular slit openings have been 
built specifically for synchrotron beam inten-
sity monitoring and position sensing. Because 
of its 5 micron physical silicon thickness, the 
AXUV36 diode can be used in transmission 
mode for continuous intensity monitoring of 
the x-ray beam. These devices have proven 
to be very useful since the unstable nature of 
synchrotron radiation beam is an important 
source of experimental error.

Figure 2 - Typical responsivity of the AXUV photodiodes to 
photons, electrons and hydrogen

Typical UV/Visible responsivity of the AXUV  
photodiode, 50 μm effective Si Thickness

AXUV Photodiode Applications

The AXUV photodiodes have several advan-
tages over the orthodox tube-type XUV de-
tectors. The AXUV photodiodes exhibit very 
low noise, do not need external voltages for 
their operation, are insensitive to magnetic 
fields, cost less to fabricate, have low mass and 
have large collection area to size ratio making 
them extremely attractive for use in satellites 
and deep space probes.
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Silicon electron detectors (AXUV-series, p-n 
junction photodiodes) have been developed 
by IRD for detection of electrons and low en-
ergy ions. Unlike common photodiodes, the-
se diodes do not have a doped dead-region 
and have zero surface recombination  resul-
ting in near theoretical quantum efficiencies 
for low energy electrons and ions.

The AXUV photodiode behavior is charac-
terized by electron gain Ge, which is the 
number of charges generated per electron 
incident upon the detector, or responsivity 
R, the number of charges generated per in-
cident energy e. The following relation ex-
ists between Ge and R for monoenergetic 
electrons incident upon the detector:

Ge = R x e
Responsivity is proportional to the number 
of electron hole pairs generated in the AXUV 
photodiode. As the photodiode is exposed to 
electrons and ions, electron- hole pairs (car-
riers) are created; the electric field in the p-n 
junction separates the charges and drives the 
current in the external circuit. The silicon 
electron-hole creation energy is found to be 
3.71 eV in silicon [1]. For photons, this value 
can be used to calculate the ideal responsi-
vity in a lossless system, RA = 1/3.71 electron 
charge/eV = 0.27 C/J = 0.27 A/W.

Particles incident upon a detector surface 
have additional loss mechanisms not present 
for photons. For electrons, these losses are 
summarized in Equation 1, taken from Re-
ference [1].

Rm =RA (1-∆DL -∆B -∆R -Γ)

In the AXUV series photodiodess, dead layer 
and residual losses are minimized. Residu-
al losses are dominated by recombination of 
the electron-hole pairs generation in the sili-
con-silicon oxide interface, which is non-exis-
tant in the 100% internal efficency AXUV pho-
todiodes. Dead layer losses in the the 30 - 70 
Â front oxide window are less than 0.1% at e > 
2 keV, increasing at energies lower than 2 keV 
[1]. This leaves backcattering from the front 
surface as the dominant loss mechanism at e > 
2 keV. As absorption depths for the low energy 
ions and electrons are less than 1 micrometer 
in silicon, when losses from the front oxide 
window and backscattered electrons are sub-
tracted measured data indicates 100% internal 
carrier collection efficiency and near theoreti-
cal gain/responsivity. 

Measured responsivity data is shown in Figu-
re 3, while Figure 4 shows the same results in 
terms of electron gain.

AXUV Photodiode Applications

Equation 1: Electron response equation, including 
terms for responsivity loss.

Rm  - Measured responsivity (A/W) 

RA  - Ideal responsivity (A/W) 0.27 A/W in Si 

∆DL - Fractional losses due to dead layer absorption

∆B   - Fractional losses due to incident electron backscattering 

∆R - Fractional losses due to residual loss effects in photodiode

Γ - Low incident energy enhancement factor from 

electron-hole generation in dead layer

Figure 3 - Photon and electron responsivity for the AXUV 
photodiode

Figure 4 - Electron gain for the AXUV photodiode
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AXUV standard photodiodes have an effective 
silicon thickness of 30 to 105 microns. Thus, 
a fraction of photons with energies above 
4000 eV will transmit through the active si-
licon reducing their quantum efficiency from 
the designed 100% value. As this reduction is 
solely caused by the limited silicon thickness, 
the AXUV diodes can also be used as absolu-
te x-ray devices if silicon thickness is known. 
AXUV100 photodiodes (10mm x 10mm acti-
ve area) with measured silicon thickness up to 
55 microns with a measurement uncertainty 
of ±1.5 microns are available as standard pro-
ducts. The AXUV-20HE1 photodiodes have 
a silicon thickness of 425 microns and will 
have 100 % collection of photons up to 10 keV. 
However, because of high noise in these devi-
ces, use of the AXUV100 devices with known 
silicon thickness is recommended. Photodio-
des with custom thicknesses can also be ma-
nufactured.

Theoretical responsivity as a function of 
x-ray energy may be obtained once the ab-
sorption A(eph) of the silicon layer is known. 
The absorption may be obtained from public 
sources such as LBL for photon energies up 
to 30 keV [1] and NIST for photon energies 
above 30 keV [2]. Once the absorption is 
known, the following formula may be used to  
calculate the responsivity

S(eph)=Q (eph)/eph= 0.98 A(eph)

3.65
(A/W)

The value of 3.65 is an average value for 
electron-hole pair creation energy (eV) in si-
licon. The factor .98 accounts for 2% x-ray 
fluorescence yield in silicon for photons with 
energy larger than 1838 eV and includes esti-
mates for reabsorption of a fraction of the flu-
orescent light. Silicon fluorescence yield has 
been experimentally measured for phoons 
with energy up to 9 keV [3].

Figure 5 shows calculated responsivity for 45, 
100 and 425 μm thick silicon. 

Figure 6 shows a comparison of responsivi-
ty calculated using NIST and LBL data for 53 
μm silicon thickness.

Figure 7 shows recently obtained data for 
a AXUV100GX device with 104 μm thick  
silicon. 

Figure 5 - Responsivity of AXUV photodiodes with 45, 100 
and 425 micron effective Si thicknesses.

AXUV Absolute X-ray Detectors

Figure 6 - Responsivity calculated using both NIST and LBL 
transmission values for the photoelectric effect, 52 μm  

effective Si thicknesses.

Figure 7 - Responsivity of the AXUV100GX photodiode,  
vcompared against calculations using both NIST and LBL 

transmission values, 104 μm effective Si thicknesses.

The device was calibrated at PTB and compa-
red against responsivity calculated using the 
above formula, with ideal results. Calculations 
included 2% reabsorbance of fluorescent pho-
tons. Calculations included 2% reabsorbance 
of fluorescent photons.
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About Nanor

Nanor AB, a family-owned, high-tech distri-
bution company that supplies high-tech pro-
ducts in the areas of Motion Control and Pho-
tonics, our the success is based on servicing 
our customers in the best possible way. We 
chose our suppliers with great care, and have 
a high ambition to establish and nurture the 
relationships with suppliers and customers 
alike to cultivate long and close partnerships.

Our customers range from start-ups and esta-
blished corporations, to OEM-companies and 
research institutions all utilizing our specific 
products and expertise in a multitude of mar-
ket segments. These include, for example, in-
dustries such as paper & wood, textile, trans-
portation, electronics, offshore and energy as 
well as micro-manufacturing, bio-medicine 
as well as food production and quality control.

For more information about us and our  
offerings visit www.nanor.se.

About Opto Diode Corp.

Opto Diode (part of Illinois Tool Works, Inc.) 
designs and manufactures high-quality stan-
dard and custom silicon (Si) photodiodes, 
LEDs, IR LEDs, and LED arrays, Ultraviolet 
(UV)/Extreme UV/Absolute X-Ray photo-
detectors, opto-electronic assemblies, and 
custom solutions. 

Their custom solutions include line sources, 
point sources, custom geometry photodiodes, 
and custom packaging. Comprehensive tes-
ting of chips, wavelengths, and output power 
is also available. 

With a domestic in-house manufacturing fa-
cility and state-of-the-art wafer fab they are 
able to provide economical, high-quality pro-
ducts in low to high volume quantities. 

For more information about Opto Diode 
Corp. visit www.optodiode.com.

Figure Sources

Figure 5 - Center for X-ray Optics, Lawrence Berke-
ley Laboratory - http://www-cxro.lbl.gov/optical_
constants/

Figure 6 - Physical Laboratory Physical Reference 
Data, National Institute of Science and Technology  
- http://physics.nist.gov/PhysRefData/XrayMass-
Coef/cover.html

Figure 7 - J.L. Campbell et. al. ”Experimental K-shell 
fluorescence yield of silicon” J. Phys. B: At. Mol. Opt 
Phys., Vol. 31, 4765-4779 (1998)
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