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ABSTRACT 
 
Space-based solar UV instruments such as telescopes or radiometers require on-board light sources for the 
calibration and degradation monitoring of their detectors. For future solar missions, we characterized the 
degradation of AlGaN-based UV light emitting diodes (LEDs) as well as InGaN LED after proton irradiation at 
14.4 MeV energy. It is shown that their average peak wavelength (spectrum peak wavelength) λ0.5m and 
bandwidth Δλ0.5m are not affected by the proton irradiation, showing a good radiation tolerance up to fluence of 
8.1011 p.cm-2. The maximum signal and integrated power decrease slightly with irradiation level, but not 
sufficiently to invalidate the on-board calibration of the detector. The spectral behavior as a function of the 
forward current and temperature is also investigated, and it is demonstrated that these LEDs are suitable for 
space applications. 
 
I. INTRODUCTION 
 
Onboard characterization and calibration of photodetectors and imagers is crucial and require the use of onboard 
light sources typically emitting in visible, infrared and in ultraviolet spectral range depending on the detector 
sensitivity. This characterization permits to assess the detector degradation and/or contamination and to separate 
contributions by optical parts (mirrors, filters) from the detector. However there are strong constraints on the 
light source, electrical consumption, weight, size, reliability and lifetime. 
These constraints explain why the majority of spatial observational missions do not have onboard light source. 
Light Emitting Diodes (LEDs) are an interesting alternative solution because they do not show these 
imperfections when compared to lamps. LEDs have been used with success in space instruments, e.g. on the 
LYRA [1] radiometer and SWAP [2] imager, both onboard the Project for On-Board Autonomy-2 (PROBA 2) 
Sun observation mission [3]. They will be used in the Extreme Ultraviolet Imager (EUI) [4][5] onboard the 
future Solar Orbiter ESA mission [6]. 
In this paper, we report the characterization of ultraviolet (UV) and visible LEDs before and after proton 
irradiation degradation up to a fluence of 8.1011 p.cm-2. We also investigate their response dependence on 
temperature and forward current. 
We conclude with recommendations about the use of LEDs onboard spacecraft for photodetector calibration.  
 
II. EXPERIMENTAL SETUP 
 
A. LED selection 
 
Five LEDs [7] were characterized as reported in Table 1. At the wavelength of the EUI instrument (17.4, 30.4 
and 121.6 nm) there exist no LED technology and we choose UV LEDs as well as a visible (blue) to give a 
visible light flat field, which can then be converted into an EUV flat field if one knows the relationship between 
visible and EUV degradation [8]. The LEDs from SETI [9] are based on AlGaN material with wavelength peak 
at 250, 310, 355 respectively. The LED from NICHIA [10] is a GaN LED with wavelength peak at 365 nm. The 
LED from MICROPAC [11] is an InGaN LED with wavelength peak at 470 nm. 
 

Table 1. Parameters of the five LEDs analyzed. 
 

Model Company λc (nm) Current  (IF in mA) Packaging 
LED_FW-250 SETI [9] 250 30 TO39 with flat window 
LED_FW-315 idem 315 30 idem 
LED_FW-355 idem 355 30 idem 
NSHU551B NICHIA [10] 365 15 TO46 with flat window 

61162 MICROPAC [11] 470 20 idem 
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B. Setup 
 
The LEDs characterization [12] were carried out at the Detector Measurement Laboratory (DeMeLab, STCE) 
using a mini-spectrometer (model USB4000-UV-VIS) and an integrated sphere from Ocean Optics [13]. The 
CCD of the mini-spectrometer 1 x 3648 pixels and the spectrum is out as a list of 3648 data. To improve the 
quality and the reproducibility of the LED spectra due to the background thermal noise, the mini-spectrometer is 
coupled to a temperature control module (model USB-TC). 
The temperature dependence of the LED parameters (see section III.B) is measured between -35 °C and +30 °C 
inside a custom vacuum chamber. The LED is held in place by a holder, which is electrically isolated from but 
thermally connected to a refrigerated/heating circulator (model Huber Unistat 405) cooling system via a cold 
finger. A calibrated resistance thermometer was added close to the LED surface to better estimate the absolute 
temperature error, which is estimated to be around 1 K. This setup allows us a high temperature stability 
(± 0.05 °C). 
The proton irradiations were performed at the Light Irradiation Facility (LIF) at the Cyclotron Research Center 
(CRC) at Louvain-La-Neuve (Belgium). The accelerator CYCLONE is a multi-particle, variable energy, 
isochronous cyclotron capable of accelerating protons up to 65 MeV. The setup, inside the well-shielded cave, is 
composed of a diffusion foil to reach the needed uniform beam spot, collimators, energy degraders, beam-
monitoring detector and positioning system. The irradiations were performed in air and at normal incidence 
beam. A detailed description of the proton measuring station can be found in [14]. 
 
III. LED CHARACTERIZATION  

 
To reduce the Fixed pattern Noise (FPN) and Dark Signal Non Uniformity (DSNU) contributions of the 

spectrometer’s CCD, an average of n (typically n = 1000) spectra is computed. The same measurements and 
analysis are repeated under “dark” conditions to remove the background signal as follow [12]: 

 
 𝐿𝐸𝐷!"#$%&'( = 𝑚𝑒𝑎𝑛!"#$%&'( 𝑛 −𝑚𝑒𝑎𝑛!"#$(𝑛) (1) 

 
Typical spectra without averaging, and with averaging and dark removal are shown Fig. 2. 
 

 
The parameters that can be extracted from the LED spectra are: 

- λp: the peak wavelength. Note that the LED spectrum is generally asymmetric. 
- λ0.5m: the average wavelength. 𝜆!.!! = !!.!´!!!.!´´

!
, 

- Δλ0.5m: the spectral bandwidth at half maximum. Δ𝜆!.!! = 𝜆!.!´´ − 𝜆!.!´, 
- Sp: the peak signal amplitude, 
- P: the integrated power. 𝑃 = 𝑆 𝜆 𝑑𝜆. 

 

 
Fig. 1. LED characterization setup at DeMeLab. 
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Fig. 2. Typical LED spectra a) without dark removal, b) with dark removal and averaging (n = 1000). 

 
A. Electrical Properties 
 
The LEDs are usually operated at a constant current. The emitted light is a function of the forward current IF and 
the compliance voltage UF. The five LEDs were measured with different forward currents. The spectra and the 
current versus voltage curves of the five LEDs, both at room temperature (RT), are shown Fig. 3. As an 
example, the integrated power (P) versus current of LED_FW-315 (from SETI) is plotted in Fig. 4. As expected, 
SP and P increase with the forward current (IF) linearly before saturation. We thus recommend to apply a current 
within the linear region i.e., IF < 50 mA. The current dependency of the other LEDs parameters is shown in 
Table 2 up to IF = 30 mA where Δ(SP) is the signal peak increase (in %) for 1 mA current increase. It is crucial 
to use a highly stable current source since all the LEDs parameters are affected by a small variation in IF. 

 

 
Fig. 3. Left, spectra curves of the five LEDs (IF = 30 mA), right, I-V curves at room temperature. 

 
 

a b 
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Fig. 4. LED_FW-315 – Integrated power vs current. 

 
Table 2. Current dependency of the spectrum parameters for the five LEDs. 

 
LED Model Δ(SP) 

(%/mA) 
Δ(λ0.5m) 

(nm/mA) 
Δ(Δλ0.5m) 
(nm/mA) 

Δ(P) 
(%/mA) 

LED_FW-250 1.8 0.04 0.04 4.7 
LED_FW-315 3.0 0.02 0.02 3.1 
LED_FW-355 2.4 0.05 0.06 2.7 
NSHU551B 2.7 0.05 0.05 2.9 

62162 (Micropac) 1.5 0.00 0.13 2.0 
 
B. LED Temperature Dependency 
For the five LEDs, spectra were measured between -35 °C and +30 °C, with a constant forward current 
IF = 30 mA. A typical temperature dependence of a LED is shown in Fig. 5. 
The temperature dependency (between -35 °C and +30 °C) of the different LED parameters is summarized in 
the Table 3 (IF = 30 mA).  

 
Fig. 5. NSHU551B LED spectrum between 350 and 390 nm as a function of the temperature between -35°C 

and +30°C. 

Linear region 
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Table 3. Temperature dependency of the spectrum parameters for the five LEDs. 
Δ(SP) is the signal peak increase (in %) for 1 K temperature increase. 

LED Model Δ(SP) 
(%/K) 

Δ(λ0.5m) 
(nm/K) 

Δ(Δλ0.5m) 
(nm/K) 

Δ(P) 
(%/K) 

LED_FW-250 -0.56 0.015 0.020 -0.50 
LED_FW-315 -0.42 0.021 0.012 -0.32 
LED_FW-355 -0.33 0.041 0.048 -0.07 
NSHU551B -0.51 0.053 0.049 -0.29 

62162 (Micropac) -0.19 0.027 0.020 -0.09 
 

 
C. LED Signal Stability 
 
The time needed to stabilize the value of λ0.5m was measured. The stabilization time was obtained by fitting the 
experimental data with an exponentially decaying function. The current was switched “on” and then switched 
“off” at regular intervals. When the light is switched “on”, the light emission reaches a maximum and then 
decreases down to a stable value. This effect is more pronounced at lower temperature than at higher 
temperature. It should be noted that when the current is switched “off” the LED emission light disappears very 
fast (not measurable). A typical stability curve (NSHU551B at -20 °C) is shown in Fig. 6. 
The stabilization time is chosen as 5 times the decay time (99.3 % of the decay) and is summarized in Table 4. 
Note that the measured LED_FW-250 signal, inside the vacuum chamber, was too small and thus it was not 
possible to extract the stabilization time.  
It is then recommended to wait at least 3x the stability time before to start any measurements during the onboard 
calibration, i.e., 2 min for the blue LED (Micropac) and 1 min for the UV LED (SETI). 
 

 

 

 
Fig. 6. NSHU551B - signal stability 

 
 

Table 4. Stabilization times for four LEDs (LED_FW-250 was excluded because the signal was too low). 
 

LED Model Stab. time @ -30 °C (s) Stab. time @ +30 °C (s) 
LED_FW-315 10 5 
LED_FW-355 10 5 
NSHU551B 40 20 

62162 (Micropac) 35 20 
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D. Proton Irradiation-Induced Degradation 
 
The five LEDs have been irradiated at the Cyclotron Research Center (CRC) facility at Louvain-la-Neuve 
(Belgium) with protons (14.4 MeV energy), up to a fluence of 8.1011 p.cm-2 with respect to the Solar Orbiter 
(total mission duration), 10 MeV equivalent proton fluence under 1 mm thick Aluminum shielding [15]. A 
typical spectrum versus irradiation fluence is shown in Fig. 7. 
We observe that the proton irradiation (at this energy and fluence) has a small impact on λ0.5m and no effect on 
Δλ0.5m. It is then obvious that the decreases of the maximum signal and the power are identical. However this 
signal amplitude loss is relatively high for the NSHU551B LED, with a total maximum decrease of -34% after 
4.1011 p.cm-2. The UVTOP LEDs loses approx. 24% of the signal, and the Micropac blue LED loses only 13 % 
of the signal [16], [17], [18]. 
Fig. 8 shows the ratio 

!!(!""#$!#%&$)
!!(!)

    of the peak signal after irradiation to peak signal before irradiation. 

We observed that the relative peak intensity variation after irradiation is much more pronounced for operational 
forward current IF < 20 mA compared to higher applied current (up to 100 mA). The current dependence of the 
LEDs performance has been already reported for LEDs [16], [19]. It is assumed that the increased defect density 
generated during the irradiation increase the non-radiative recombination rates in the active layer. As a 
consequence, we observed most distinctively the output light variation in the low-current operation regime of 
the device. In higher-current regime, the degradation is less pronounced because the radiative recombination is 
dominating the non-radiative, which saturates [19]. 
We thus recommend for future UV solar radiometers using onboard LEDs to apply a larger current to reduce as 
much as possible the irradiation-induced LED damages.  
 

 
Fig. 7. LED_FW-315 – spectra as a function of the proton fluence up to 4.1011 p.cm-2 (14.4 MeV) 
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Fig. 8. LED_FW-315 – Ratio of peak signal after irradiation (2.1011 and 4.1011 p.cm-2)  

to the peak signal before irradiation as a function of the forward current. 
 
IV. CONCLUSION 
 
The LEDs characterization carried out provides crucial information for the operations of the LEDs for the 
onboard detector calibration. It has been demonstrated that the five studied LEDs show a significant temperature 
dependence of the emission (SP and P), as well as of the average wavelength (l0.5m). The LEDs temperature 
onboard should be very stable or, at least, should be measured to be able to perform accurate onboard 
calibration. 
It has been also demonstrated that the LEDs average wavelength (l0.5m) and bandwidth (Dl0.5m) are not strongly 
affected by proton irradiation up to a fluence of 8.1011 p.cm-2 at 14.4 MeV energy with respect to the Solar 
Orbiter (total mission duration without Al shielding). However the peak signal (SP) and the integrated power (P) 
decrease during the irradiation. The Nichia NSHU551B LED shows the highest decrease. Based on the current 
dependency of the degradation after irradiation, an operational current IF > 20 mA is recommended (ideally 
30 mA). Moreover the onboard current source shall be very stable. It is also strongly recommended to wait for a 
stabilization time after switching “on” the LEDs: 2 min for the blue LED (Micropac) and 1 min for the UV LED 
(SETI). 
We recommend to use two LEDs for the onboard calibration i.e., the blue LED (470 nm) from Micropac as well 
as the NUV LED_FW-315 from SETI (UVTOP LED) for the future EUI instrument onboard the Solar Orbiter 
mission. 
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