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April 24, 2003 

SUBJECT: 
DØ RunIIb Prototype Silicon Sensors for Layers 2-5 
Dear Mr. Atsumi, 

Thank you very much for the prompt delivery of the 100 prototype outer layer sensors for the next generation silicon tracker for the DØ experiment at the Fermilab Tevatron. The sensors are all of very high quality. With this note we would like to outline some minor modifications to the specifications for the production order and we kindly address some of the quality assurance issues that we would like to understand better.

Please find enclosed our new specifications for the production order for the 2735 outer layer sensors. The changes with respect to the specifications for the corresponding prototypes are: 

a) 40 < V_dep < 300 V 
minimum depletion voltage added

b) mask alignment tolerance reduced from ±2.5 m to ±0.5 m
c) relaxed the sensor warp to 100 m, that is that the sensor has to fit within two parallel planes 100 m apart. We would like to view this as an upper limit; if a sensor has a larger  warp we reserve the right to reject the sensor. 

Please note that all prototype sensors we have received meet these new specifications. We also request that a pure binary serial number be used in the scratch pads for identifying the sensor, rather than the decimal binary representation used on the prototype sensors. 
We have extensively tested a subset of the 100 prototype Layer 2-5 sensors we have received. We found some additional defects that were not flagged by your QA procedure. It puzzled us that some of the defects were not uncovered at Hamamatsu, since they were rather significant. For example, the picture below shows two shorted coupling capacitors on sensor # 29 where the aluminum for strips # 285 and 286 are shorted. 
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For sensor # 5, two pinholes were identified by us. The figure below shows the dielectric current as a function of the strip number for this sensor, clearly indicating the two pinholes. 

[image: image3.emf]Di-electric Current Sensor # 5 
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To summarize, of the 26 sensors which were submitted to our complete quality assurance process, Hamamatsu identified 6 defective channels. We uncovered in addition to these 6 channels, another 6 defective channels. The breakdown of these additional defects is as follows: on sensor # 5 we found two pinholes (strips # 1 and 6); for sensor # 29 we found 2 shorted strips (strip # 285 and 284), and on sensor # 62 we found two open strips (strip # 40 and 512). Although all sensors are of high quality and meet the specifications, it would help us in our quality assurance program if we can fully characterize all defects on the sensors. 

In addition to characterizing the sensors, we have also carried out many tests on the delivered half-moon test structures. We would like to understand the differences between the numerous poly-silicon arrays implemented on the structures. We found that the current-voltage behavior (ohmic behavior) in our measurements was quite different between PS0, PS10, PS20 and PS30 although the mean resistor value on all of them is 1 M. We would appreciate if Hamamatsu could clarify and explain the differences between the various poly-silicon arrays and could point us to the array, which is finally used and implemented on the sensors. 

The test structure also contains a MOS-like structure, which we have used to measure the flatband voltage. In the figure below we plot the capacitance of eight different MOS structures that were measured at a frequency of 1 kHz, with a signal level of 500 mV. We found a positive shift of the flatband of up to 80-90 V, which we consider to be very large. Attributing the flatband shift to a fixed (positive) oxide charge gives very high charge densities at the Si-SiO2 interface, which is of concern to us. We would appreciate any information Hamamatsu has on the MOS flatband of the sensors and how the oxide quality is monitored and controlled using the MOS structures?  
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For the purpose of a better understanding of the electrical properties of the coupling capacitor, we would like to know if it is possible to obtain some more information on the coupling capacitor dielectric. What is the thickness of the silicon oxide and what is the thickness of the silicon nitride, if a multi-layer structure for the coupling capacitor is used and how well is the thickness controlled. 
On some sensors we have observed enhanced effects of electrostatic charges and discharges on the sensors, which is of concern to us. We are interested in learning more about the passivation layer which is applied on the sensors. We would be interested in knowing what material the passivation layer is, what its typical thickness is and if it would be possible to slightly increase the thickness? 

The depletion voltage obtained by Hamamatsu is slightly different from our results. We attribute this to a difference in the definition of the depletion voltage. To verify our depletion voltage measurements we would like to request from Hamamatsu the full set of the C-V data for each individual sensor and the frequency at which this measurement was done.  

We believe that it would be very beneficial if we could compare the probe results on a more detailed level, so we have better mutual understanding of the quality assurance. We would like to know what measurements are carried out on a strip by strip basis at Hamamatsu and what the criteria are for the various defects that Hamamatsu identifies. We would highly appreciate additional information on measurement method, measurement setup and definitions of defects. As noted before, our own quality assurance program identifies additional defects and we would like to see if it is possible that there is complete agreement between Hamamatsu’s QA program and our own QA program.  In this spirit, we hope that it is possible for us, jointly with our colleagues from the CDF experiment, to arrange for a visit and have a direct discussion between Hamamatsu and ourselves to address some of these issues. 







Respectfully, 
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