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ABSTRACT 

A novel responsivity model, which is based on the solution of transport and continuity equation of carriers generated 
both in vertical and lateral PN junctions, is proposed for optical properties of stripe-shaped silicon ultraviolet (UV) 
photodiodes. With this model, the responsivity of the UV photodiode can be estimated. Fabricated in a standard 0.5 μm 
CMOS process, the measured spectral responsivity of the stripe-shaped UV photodiode shows a good match with the 
numerical simulation result of the responsivity model at the spectral of UV range. It means that the responsivity model, 
which is used for stripe-shaped UV photodiode, is reliable. 
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1. Introduction 

UV detectors which is invented after infrared and laser 
detection technology, are widely used in many applica-
tion areas such as biology, medicine and environmental 
monitoring [1]; flame detection [2]; space ionizing radia-
tion detection [3], personal radiation protection, semi-
conductor process control [4]; optical storage system [5]; 
ultraviolet warning, ultraviolet communication, UV/in- 
frared composite guidance and missile detection.  

As UV detectors being developed toward high respon-
sivity and high selectivity, numerical model acts as a 
design guide to better realization of the performances 
becomes an essential. UV detectors usually have striped- 
shaped anode structure; carrier generated in this region 
can travel vertically and laterally. Although different 
models for detectors have been presented, most of them 
only consider carriers transfer vertically, and ignore the 
transmission in lateral. Dead space effects on gain and 
noise have been studied in [6-8], but optical characteris-
tic is not considered. UV responsivity models proposed 
by Pauchard [9,10] showed a good selectivity, but it ig-
nored the influence of lateral PN junction. A two dimen-
sional model proposed in [11] took transverse diffusion 
into consideration, but longitudinal diffusion is ignored 
in this model.  

In this work, a two dimensional responsivity model for 
stripe-shaped UV photodiodes is presented. As there is no 
similar model, silicon test results are used to verify the 

validity of the this work, so simulation results and test 
results are all needed in this paper. In the next section, the 
structure and its characteristics are introduced and ana-
lyzed. The responsivity model of the stripe-shaped UV 
photodiode is given in Section 3. The numerical simula-
tion result and silicon test result are presented and dis-
cussed in Sections 4 and 5, respectively. Test devices are 
fabricated in standard 0.5 μm CMOS process. 

2. Structure and Characteristics of  
Stripe-Shaped UV Photodiode 

The device consists of several P+-type anodes, which are 
implemented by boron implantation in N-well, the P+ 
anodes are connected by metal outside of the photosensi-
tive region. The substrate is P-type; its electrode is con-
nected with N+ electrode and leads to restrained photon 
absorption in N-well/P-sub junction. The width W of the 
stripes is 3.8 μm. The distance D between two adjacent 
stripes is 7.7 μm. The total sensor area is about 103 × 
103 μm2. The upper P+N junctions are at a depth of 140 
nm. When the device is biased at its breakdown voltage, 
the photosensitive region of the photodiode is bounded 
by the structure surface and the potential barrier xb (xb = 
800 nm). 

When the photodiode is under illumination, UV pho-
tons are absorbed at the silicon surface, and these photo- 
generated carriers are separated by upper P+N junction. 
The photons in visible and infrared range absorbed in 
deeper junction, but as the N-well-P-substrate junction is 
short circuited, these photo-generated carriers recom-*Corresponding author. 
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bined and won’t contribute to total photocurrent. Thus, 
the influence of deeper junction can be ignored. 

3. Responsivity Model of the  
Stripe-Shaped UV Photodiode 

The exposed part of the stripe-shaped photodiode fea-
tures a periodic distribution, so that it is adequate to in-
vestigate the section within the dashed rectangular area 
as indicated in Figure 1 to present the whole photodiode 
structure. Presuming the credibility of the depletion-ap- 
proximation, there can define two quasi-neutral regions I, 
II and one space charge region A within the dashed rec-
tangular area, as shown in Figure 2. Otherwise, the space 
between two adjacent anodes is assumed entirely de-
pleted. 

Assuming the minority carrier in region I, II is totally 
generated by diffusion. The contribution of the current in 
quasi-region to the total photocurrent of the photodiode 
is elicited by solving the following diffusion equation: 
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where Δn(x,y) indicates the excess minority carrier den-
sity, τ and n nL D   refers to its lifetime and diffu-
sion length, respectively; see Table 1 g(x,λ) is photo- 
generation rate within silicon material, it is given as be-
low: 
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where P is the optical power, η is the quantum efficiency, 
R(λ) is the surface reflection rate, α(λ) the optical absorp-
tion coefficient, h and   is the Planck’s constant and 
optical frequency, respectively. The absorption coeffi-
cient [12] is related via: 

  1 2exp
g hc b hc

 
 

   
 

3 1 11.23 10 μm evg

            (3) 

      12.42 evb, 2
where 1  

   

. Fig-
ure 3 shows the curve of wavelength vs absorption coef-
ficient. 

As the carriers in quasi-neural region-I have two-di- 
mensional distribution. To simplify the complexity of 
carrier distribution, assuming  ,n x y n x n y   

  

, 
that is to say carrier diffusion current in x-axis and y-axis 
s independent. Then, Equation (1) can be given i 
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It can be written as 
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If only considered electron diffusion current in x direc-

tion, i.e. . Then, with boundary conditions     
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The y-dependency of electron distribution density can 
be concluded  
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If considering diffusion current in both x-axis and 

y-axis. Comparing Equations (5) and (6) leads to 
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To solving Equation (8), the boundary conditions are 
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As the minority carrier distribution  
     ,n x y n x n y     in region I is known, the com- 

ponents of diffusion current density can be calculated 

 
0

,
d

dj j

W

x n x x

d n x y
qD y

x 


 I            (11) 

Copyright © 2012 SciRes.                                                                                   CS 



Y. J. ZHAO  ET  AL. 350 

 

 

Figure 1. Cross-section view of the stripe-shaped UV photodiode. 
 

 

Figure 2. The section within the dashed rectangular area. 
 

Table 1. Some parameters used in this paper. 

Parameter Name Parameter Name 

w with of P+ anode d distance of two adjcent anode 

Δn(x, y) the excess minority carrier density τ minority carrier lifetime 

Ln diffusion length Δn(x) carrier diffusion in x-axis 

g(x, λ) photo-generation rate within silicon material Δn(x) carrier diffusion in y-axis 

P the optical power η the quantum efficiency 

R (λ) the surface reflection rate α(λ) optical absorption coefficient 

h the Planck’s constant ν optical frequency 

 

 

Figure 3. Calculated wavelength vs absorption coefficient based Equation (3) using Matlab. 
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The drift current in region A is obtained by integration 
of generation rate of electron-hole pairs   over 
the whole depletion region 
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Assuming the distance between xn and xb is much 
smaller than diffusion length of electrons, which are a 
few microns. Thus, all carriers generated by photon ab-
sorption in region II diffuse toward region A. The elec-
tron diffusion current in region II can be expressed us-
ing 

 I q w d   g x x            (15) 

Adding all the current generated in region I, II and A, 
then multiplying the number of fingers, we conclude the 
total photocurrent of the photodiode 

 
   

   

 

,
d

, d

d

y w

n x y
x

x y

    

,left ,right

0 0

00 0

4

,
     4 d

d d

,
                     d

d

   , ,

j

j

j

j n

n b

j n

ph x I I A

w x

n x x

x x

y

x x

x x

I I I I I I

d n x y d
qD y

d n x y
x qd

y

qw g x dx q w d g x 







    

  
   

 
 



  

 

 

 

g x x

x





 

(16) 

4. Numerical Simulation Result 

The spectral responsivity of the model is simulated by 
Matlab. Figure 4 shows the simulation result of this 
structure for a standard 0.5 μm CMOS technology. As 
expected, there is an excellent UV responsivity and UV 
selectivity, as UV photons are absorbed near the surface 
of the structure and all the generated carriers are ab-
sorbed by the device, while the photo-generated carriers 
of longer wavelength are recombined at the short-cir- 
cuited deeper junction. The maximal photocurrent is 
1.38 × 10–7 A at the wavelength of 460 nm, correspond-
ing a responsivity of 0.42 A/W; the photocurrent at 
longer wavelength is weak, it meets the properties of UV 
photodiode mainly well. 

5. Silicon Test Result 

The UV photodiode device under test is fabricated in a 
standard 0.5 μm CMOS process, the microphotograph is 

shown in Figure 5. It concludes stripe-shaped anode, and 
short-circuited substrate electrode and cathode electrode. 
Two pads are connected with anode and cathode, respec-
tively. 

The responsivity is tested using the configuration as 
shown in Figure 6. The anode of the stripe-shaped UV 
photodiode is connected to a high precision amperemeter 
(with the accuracy of 1 fA), the cathode is connected 
with power source (VDD). The high precision ampereme-
ter is connected with a resistance of 200 KΩ. 

Placing the UV photodiode in a dark environment, ex-
ternal power supplies VDD = 18 V, incident optical wa-
velength is 400 nm, 460 nm, 520 nm, 585 nm, 605 nm 
and 630 nm, respectively. 

The measured curve of photo-current vs wavelength is 
shown in Figure 7. It has relatively high photo-current in 
UV spectral range; the maximal photo-current is 1.34 × 
10–7 A at the wavelength of 460 nm. If translate pho-
to-current into responsivity, that is to say, the maximal 
responsivity is 0.42 A/W at the wavelength of 460 nm. 
Comparing with simulation results, it’s easy to see that 
silicon test results are agree with simulation results at the 
spectral range of UV. 

6. Conclusion 

In this work, a novel responsivity model is established 
 

 

Figure 4. Simulation result of the responsivity model using 
Matlab. 
 

 

Figure 5. Microphotograph of stripe-shaped UV photodiode 
fabricated in a standard 0.5 μm CMOS process. 
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Figure 6. Configuration of test circuit for UV photodiode. 
 

 

Figure 7. Measured photo-current vs wavelength. 
 
for stripe-shaped UV photodiode. The structure is taped- 
out by 0.5 μm CMOS process. Simulation results and 
silicon test results are both have maximal UV responsiv-
ity at UV spectral range. The mainly agreement between 
them demonstrate that this work can be used to analysis 
the optical properties of stripe-shaped UV photodiode.  
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