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Motivation ï Slim Edges 

Slim edges offer: 

Å reduced inactive area => 

Å more hermetic coverage 

(better tiling of sensors)  

This is especially important for 

pixels and large-area  systems 

Optical micrograph 

strips 

guard rings 
inactive area 

slim edge 

active area 

Top View Side View 

Our Approach:   

Å treat finished devices on the single die level 

Å treat p- and n-type devices  

Å minimize leakage current 

Å achieve uniform bias dependence of charge collection 
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SCP Method 

Optical micrograph, top-view SEM micrograph, cross-section 

Laser-cut 

tweezers 

Laser-scribing done at U.S. Naval Research Laboratory 

using an Oxford Laser Instruments E-Series tool. 

Breaking was initially done by hand using tweezers, but 

can be done fully automatic. 
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There are three key steps of the process: 

1) Scribing on front-side (initially done by laser) 

2) Cleaving, which leaves the surface with low defect density 

(initially done by tweezers) 

3) Surface passivation to make  the sidewall resistive.  

 

Laser damage 
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Passivation Options 

Surface passivation makes the sidewall resistive. N- and p-type devices require different 

technologies.  

üFor n-type devices one needs a passivation with positive interface charge. SiO2 and 

Si3N4 layers works well. 

üFor p-type material a passivation with negative interface charge is necessary. We 

found  that Al2O3 works in this case. 
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Progress with Passivation (N-type Diodes)  

Si Nitride PECVD Si Oxide PECVD 
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Performance dependence on the 

deposition temperature:  

Can work in the T range that is safe for 

the finished devices! 

Much improved leakage current and 

breakdown voltage with Si Nitride. 
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Progress with Passivation (N-type Diodes), Cont  
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Study with HPK Fermi/GLAST diodes. 

The plain ALD SiO2 is worse than the 

best case of PECVD Si3N4. 

 

But a ñnanostackò of ALD SiO2 (10 

nm) and Al2O3 (50 nm) works well. 

Parameters are from G. Dingemans et 

al, J. Appl. Phys. 110, 093715 (2011); 

doi: 10.1063/1.3658246 

PECVD process has been developed by industry as a wafer 

process => Small height of the chamber in a typical machine. 

This worked well for small size samples, that could be positioned 

vertically, or slanted. For large sensors this is not quite applicable 

=> replace by ALD method. 
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Laser scribe 

XeF2 ñscribeò 

Depth ~ 5 mm 

no defects in cleavage plane 

Progress in Scribing  
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Laser Scribing Ą XeF2 Etch:   

reduction of the amount of sidewall damage, more control, reliability 
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Progress with N-type Sensors  

Si SSD with  

900mm dead edge 

XeF2 scribing + Nitride PECVD  

with guard ring  

Cut within 50 mm  

of Guard Ring Guard Ring Cut (!) 

0 mm to Guard Ring 

without guard ring  
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Evolution of Slim Edge SCP Treatment 

Cleaving Passivation 

finished die 

Scribing  

finished die 
finished die 

with slim edge 

Laser 

 

 

 

 

XeF2 Etch 

Tweezers 

 

 

 

 

Present Focus: 

Automated 

Cleaving 

Native Oxide 

+ Radiation 

N-type          P-type 

 

PECVD              ALD  

Oxide        Alumina 

 

PECVD 

Nitride  

or ALD  

Oxide,  

nanostack 

All Treatment is post-processing & low-temp 

(Etch-scribing can be done during fabrication) 
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CCE,  

Rad. Hardness 
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Key issues in making further progress: 

replacement of tweezer-based cleaving! 

R&D for Large-Scale Application of SCP 

Laser-cut 

tweezers 

Wafer Brech Maschine 

Courtesy PSI and Uni Bonn 

Build  

Contract 
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Industrial-scale cleaving machines: 

o Dynatex (manufacturer) 

o Loomis Industries (manufacturer) 

o Kavli Nanosciences Institute @ CIT (facility) 

LSD- 150  
Scriber - dicing machine  
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Industrialization: Automated Scribing 
Production-ready device singulation is different from initial trials: 

1) Automated scribing  

2) Automated cleaving 

3) Done on all four sides 

     Automated scribing depends on the method: 

Å  For laser scribing, itôs built-in in the programmable laser + motion stages operation 

Å  For etch-scribing, there is a need for an extra mask, but the process in inherently wafer-scale 

 

We are in process of making wafer-level singulation tests: 

Å  Post-production scribing with CIS wafers courtesy Anna Macchiolo, as well as wafer pieces 

from recent ñcharge multiplicationò production at Micron (Gianluigi Casse). 

Å  Planning on doing slim edge tests fabrication with low-strip-resistance run at CNM (Miguel 

Ullan et al) 

 

 

Besides XeF2 etch, there is an idea of using plasma etching for scribing (Giulio Pellegrini). 
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overview photos 

Cleaving tests done at Loomis Industries, makers of 

cleaving machines and at KNI (Caltech) with Dynatex 

machine. 

 

In both cases we saw that: 

 -- Cleaving of laser-scribed samples was successful 

 -- Cleaving of diamond-scribed samples was successful 

 -- Cleaving of etch-scribed sampled did not work 

 

Optical micrograph, ñskinnyò 

Production-ready device singulation is different from initial trials: 

1) Automated scribing  

2) Automated cleaving 

3) Done on all four sides 

Industrialization: Automated Processing 
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Industrialization: Automated Processing 

        

      Initially had high current after cleaving, even with passivation.  

      A key improvement was XeF2 etching of the sidewall, that removed the surface damage.  

Production-ready device singulation is different from initial trials: 

1) Automated scribing  

2) Automated cleaving 

3) Done on all four sides 
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Sidewall surface after etching step. 
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Industrialization: Realistic Singulation 

     4-side cleaving means 

intersecting cleaved wall with 

ósharp cornerò. 

      This leads to high current. 

      XeF2 etching of the sidewall 

drastically reduces the current ï 

by two orders of magnitude! 

Production-ready device singulation is different from initial trials: 

1) Automated scribing  

2) Automated cleaving 

3) Done on all four sides 
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Four-side Cleaving 
       An example of a device cleaved on all four sides. 
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