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and A=1/(2tana). 

here a is the linear width of the photo-active area and w is the half width of the readout area. For 
example if the width of the photo-active area is 30% of the pixel width, then the minimum aspect 
ratio is 1.6; if the width of the photo-active area is reduced to 25% of the pixel width, the 
minimum aspect ratio is increased to 2.1. The smaller the photoactive area, the higher aspect ratio 
is required. For a real image system, the incident light is not parallel but has certain angle, the 
bigger the incident angle, the higher aspect ratio is required. Further study is needed to determine 
the aspect ratio for a real image system. 

3) 2-D lJ.-WOe 

The I-D lJ.-WOe structure as discussed above is able to collect all of the photons in one 
direction, which is the direction along the 
wedge groves, while the photons in the other 
direction can not be all collected; similarly it Photons 

can eliminate the optical cross talk in the 
direction perpendicular to the wedge groves, 
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/11 Il 11but may increase the optical cross in the /1 /
direction along the wedge groves. To reach 

/better photon collection efficiency and 
eliminate all of the optical cross talks, a 2-D 
lJ.-woe structure is introduced as shown in 
Fig. 9. Two set of wedge groves are built in 
cross direction to form many small funnels, 
one on top of each pixel. The walls of the \ 
funnels are coated with highly reflective 
metals. Each funnel functions like a 
waveguide, the photons fall into the top /
opening of the funnel will be guided to the 
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Refleclive wall photo-active area. This structure can have Photoactlve area 

the aperture close to 100%, and all of the 
Fig. 9 The 20 structure of micro-WOC, the reflective walls function like optical cross talks can be eliminated. wave gUides, all the photons fall into the opening of the funnel will reach 
the photoactive area. 

This ~l-WOe structure may be also used 
for display devices, such as active matrix liquid crystal display(ALMCD) device. The ALMCD 
has similar structure with solid state image sensors, it needs to build transistors and connection 
lines, which take over 30~50% of the panel area and blocks out the light. lfthe lJ.-WOC 
technology is applied there, the aperture ratio can also increased to close to 100%.. 
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4) Fabrication of~-WOCs 

In last ten years, micromachining especially silicon micromachining has blossomed into a vital 
industry with numerous practical applications. Surface micromaching, silicon fusion boding, and 
process called LIGA (a German acronym for Lithographic, Galvanoformung, Abformung -- in 
English, lithography, electroforming, molding) have evolved into major micromiching technology. 
Many exotic structures of very high lateral aspect ratio -- lateral dimensions of few micrometers 
and vertical dimensions up to 1000 ~m can be buileo. Threre are several possible fabrication 
method to build ~-wacs, such as grey-tone lithographr' and the processing sequence employed 
by betsui to form a self aligned silicon emitter arrar2. 

Another method, proposed by JPL, is to use non uniform current distribution electroplating 
process. For electroplating, general speaking, the 
deposition thickness is proportional to the electrical 

o	 Anode current density, the higher the current density, the 
thicker the metal deposition. Consider the electrical 
current between a line (the anode) and a plate (the 
cathode) submerged in a solution, as the cross section is 
shown in Fig. 10. The electrical field is stronger in the 

2	 middle of the plate,and weaker at the edges of the plate. 
Since the conductivity of the solution can be considered 
as a constant, the current distribution should be higher 
in the middle of the plate and lower at the edge of the 

Cathode plate. Therefore, more metal deposit in the middle than 
at the edge, and a little hump is formed on the plate as 

Fig. 10 Fabrication of micro-wedges using no the curve 1. After the deposition like curve 1 is formed, . 
uniform current distribution electroplating.	 the center of the metal hump is even closer to the anode 

than the edge of the metal hump, this leads to a stronger 
electrical field and higher current density, more metal 

deposition in the middle to form a wedge as shown in curve 2. This process becomes a positive 
feedback, the thicker the deposition, the higher current in the middel, the steeper the wedge. To 
optimize this process, the distance between the line and the plate should be small at start, and the 
line slowly moves back with the wedge growth. For I-D ~-WOC, the anode should look like a 
grating instead of a single line, and for 2-D ~-wac, the anode should look like a grill. These 
anodes can be made by lithography. Experiment study is needed. 

4. Conclusion 

Aperture ratio is an important characteristics of solid state image sensors, especially for the 
small image sensors. Microlens technology with melting process has been proposed by many 
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people, it can raise the aperture ratio of an image sensor from less than 30% to near 70%. But we 
find there is a severe draw back due to the optical cross talk induced by microlenses, such optical 
cross talk is usually more than 1% and it depends on the light polarization. Though the microlens 
technology has been proposed for low cost consumer electronic cameras, it may not suitable for 
high quality image sensor, especially not for those sensors used for scientific and military purpose. 
On the other hand, a new technology of Jl-woe for solid state image sensor has shown strong 
merits, it can increase the aperture ratio close to 100% without raise optical cross talk. The Jl­
woe technology can also be used for UV and IR image sensors since it employs the reflection 
mode. In addition, the Jl-WOe technology may also be used for other electro-optical devices, 
such as active matrix liquid crystal display, to increase the aperture ratio. 
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