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DUV Detector Requirements and Limitations 

State-of-the-art wafer and reticle inspection systems 
use deep ultraviolet (DUV) lasers at 263 nm and 
193nm for optical detection of defects down to the 
range of 32nm to 20 nm and below. Imaging systems 
require resolutions of approximately 8 megapixels, 
and frame rates of up to 1000 frames per second.  
High brightness sources and efficient detectors are 
required for maximum throughput.  While back-
illuminated CMOS imaging arrays meet the require-
ments for resolution, frame rate, and noise, stability 
and durability under DUV illumination present major 
technological challenges. 

DUV-stable silicon detectors that would meet these 
requirements have been sought for years.1 Surface 
passivation methods used to fabricate UV-sensitive, 
back-illuminated silicon detectors comprise a variety 
of field-induced and surface doping passivation tech-
nologies.  These methods include chemisorption 
charging, ion implantation, and dopant diffusion, all 
of which are used in commercially-available silicon 
detectors. Nevertheless, DUV stability remains elusive 
due to the excessive damage induced at the Si-SiO2 
interface by DUV photons.  

 
Figure 3:  Ion-implanted detectors damaged by DUV 
radiation exhibit a “surface dead layer” that traps pho-
togenerated charge and causes low, unstable DUV 
quantum efficiency.   

Figure 3 illustrates the damage wrought by DUV radi-
ation on an ion-implanted, back-illuminated silicon 
device. In the figure, surface damage is quantified in 
terms of the density of interface traps, Dit.  High quali-
ty, hydrogen-passivated silicon surfaces can have de-
fect densities as low as 1010 cm-2eV-1. Exposure to 
DUV radiation catalyzes various “depassivation” pro-
cesses that, in effect, convert latent defects into elec-
trically active traps. In extreme cases, DUV radiation 
causes virtual disintegration of the oxide lattice struc-
ture, resulting in defect densities exceeding 
1014 cm-2eV-1.4 As shown in the figure, charge trapped 
at the Si-SiO2 interface creates a potential well for 
electrons, which is often referred to as the “surface 
dead layer.” Whereas low defect densities correspond 
to a thin dead layer, higher trap densities cause the 
width and depth of the dead layer to increase dramati-
cally.  DUV-damaged, ion-implanted detectors exhibit 
low, unstable quantum efficiencies and marked degra-
dation of dark current due to dynamic charging and 
discharging of interface traps under illumination. 
Comparing the length scales in Figures 3 and 4 graph-
ically illustrates the built-in stability of superlattice 
doped detectors. 

 

 
Figure 4:  Superlattice doping creates a nanometer-
scale, near surface quantum well.  Quantum confine-
ment effectively prevents electron trapping at the in-
terface, resulting in high, stable DUV quantum effi-
ciency. 








