
Some further studies on factors a�ecting thepixel resolutionMarina Artuso and Jianchun Wang, Syracuse UniversityJuly 15, 19981 IntroductionSince our �rst report, there has been a very constructive discussion betweenphysicists in the BTeV collaboration and the engineering team working onpixel electronics front end design at Fermilab. A preferred solution hasemerged, based on a pixel size of 50 �m in the small dimension and ana-log readout. In this follow-up report, performed with the same algorithmdescribed before [1], we have extended our study to examine a few ques-tions a�ecting the analog front end design. The task of designing a frontend device suitable for BTeV needs is quite challenging. Several con
ictingrequirements are included in our speci�cation: we are striving for an analogreadout, with fast digitization in order to have the analog information ex-tracted from the front end quickly, without excessive penalty either in spaceor power consumption and a threshold quite low and uniform compared withresults achieved so far in large scale pixel system [2]. Finally, we are likely toexperience gain loss due to radiation damage in the course of the life of thisdetector and the e�ect of this degradation of the signal for a given front enddevice needs to be considered.
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2 Studies on the optimal dynamic range ofthe analog front end and the ADCOne of the questions that we decided to explore more thoroughly is theinterplay between maximum dynamic range and ADC resolution. In ourinitial study, we have assumed the maximum dynamic range of the analogfront end and the ADC to be 48,000 electrons. This has been motivatedby the known shape of the Landau distribution, with a long tail above themost probable energy loss for a minimum ionizing particle in silicon (24,000electrons). However, the goal of measuring the charge collected in the pixelwith the maximum pulse height more accurately obviously con
icts with thegoal of having enough dynamic range to measure accurately pulse heightscorresponding to the high energy tail of the Landau con
icts with the abilityto measure the charge in the neighboring pixels accurately at any given bitresolution. It is interesting to see the interplay of these two factors. Wehave studied this issue at two di�erent angles in the non-bending plane:�x = 100 mrad and �x = 200 mrad. Fig. 1 shows the study at � = 100 mradand Fig. 2 the corresponding results at � = 200 mrad. In both cases thesolid line de�nes binary readout, quite insensitive to the dynamic range ofthe front end electronics. However it can be seen that for the quite limitedresolution provided by a 2 bit ADC there is actually an optimum in themaximum dynamic range at about 25,000 electrons. For higher resolution,this minimum appears to be a threshold, above which there is not muchimprovement in resolution achieved by increasing the dynamic range. At alarger angle (200 mrad), where the ratio between the maximum pixel chargesignal and the signal in its neighbors becomes progressively lower, the resultsare consistent, but are even more favorable to the lower dynamic range.3 Study of threshold, number of bits and lowerpulse height e�ectsIn our initial study we adopted some quite optimistic assumptions on theminimum achievable threshold (1,500 electrons). On the other hand, we haveshown that a 4 bit dynamic range does not produce signi�cant degradationand is quite adequate for our goals. We have now extended our investigation2



by examining the consequences of relaxing some of the assumptions adoptedin the previous study. In addition, we have decided to focus our investiga-tion on three di�erent choices of digitization resolution: 2 bits, 4 bits and 2bits with logarithmic response. The last example has been motivated by therecent proposal by A. Mekkaoui of introducing a 
ash ADC incorporated inthe unit cell implemented with a few independent comparators. The loga-rithmic response is a traditional solution to range compression that we maywant to consider. The results reported here assume that the charge carrierscollected are electrons. In addition we assume that the ADC is a devicethat is independent of the discriminator determining when a given cell hasa useful signal. If the ADC is linear, the range between the threshold andthe maximum linear range assumed is divided in a number of equal intervalsconsistent with the number of bits (for instance, 3 intervals for 2 bits) andthe charge is digitized accordingly. Given the low level of threshold assumed,the results are not very di�erent if the interval being digitized is between 0and the maximum range of linearity assumed.Fig. 3 shows a comparison of the performance of di�erent ADC's for athreshold choice of 2000 There is a de�nite di�erence between the regionwithin 100 mr of normal incidence and the rest of the solid angle. The angle�x is the track angle in the non-bending plane and the angle �y is the anglein the bending plane. In the former region the resolution improves smoothlyfrom 10 to about 5 �m as the angle increases. The higher number of bits ishelpful at larger angles, where a resolution of about 3 �m is achievable with a4 bit ADC. Finally, a non linear response 
attens the resolution achievable inthe region of larger angles. Fig. 4 shows that if we assume that the thresholdchanges around the nominal value with a rms value of 450 electrons, we willnot see a dramatic e�ect on average.Fig. 5 shows the comparison between a threshold of 3000 electrons and athreshold of 2000 electrons. This picture shows that the e�ect of changing thethreshold is not very dramatic. Its impact is less signi�cant than the choiceto use a coarser digitization. Lastly, Fig. 6 shows the e�ect of reducing themaximum pulse height of a factor of 60% at two di�erent ADC sensitivity.The biggest e�ect is again at larger angles. Some improvement in the 2 bitoption performance could be achieved if a non linear response was chosen.
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4 Conclusions and further studiesWe think that a solution with a 4 bit ADC with a dynamic range of 24,000electrons would be the best one to achieve the optimum resolution within thewhole angular region covered by the BTeV experiment. A solution involvinga 2 bit ADC with a non linear response o�ers comparable performance inthe forward region and is worse by 2 to 4 �m at larger angles.Several re�nements are necessary to this study. At high pulse heights,the e�ect of delta rays might be non negligible and we should introduce it inthe simulation. In addition, the e�ects of radiation damage are likely to needa more sophisticated model. Moreover the e�ects of the time developmentof the signal and cross talk between neighboring channels need to be re�ned.These studies should be completed soon. On the other hand, we feel that itwould be useful to simulate the impact of this angle dependent resolution onthe physics goals of BTeV.References[1] Marina Artuso and Janchun Wang, BTeV Internal Report BTeV-Int-97-18[2] M. Campbell, 7th Pisa Meeting on Advanced Detectors and private com-munication.

4



1-bit ADC

2-bit ADC

3-bit ADC

4-bit ADC

Effect of ADC Dynamic region
Non-bending direction

θ = 100 mrad

ADC Range ( x Ke )

R
es

o
lu

ti
o

n
 (

 µ
m

 )

0

2

4

6

8

0 10 20 30 40 50 60

Figure 1: E�ect of dynamic range of the ADC for di�erent number of bits,for tracks incident at 100 mrad. 5
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Figure 2: E�ect of dynamic range of the ADC for di�erent number of bits,for tracks incident at 200 mrad. 6
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Figure 3: Comparison between di�erent ADC resolution, with a nominalthreshold of 2000 electrons and a threshold spread of 450 electrons7
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Figure 4: Comparison between di�erent ADC resolution, with a nominalthreshold of 2000 electrons and a threshold spread of 450 electrons8
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Figure 5: Comparison between di�erent ADC resolution, with a nominalthreshold of 3000 electrons and no threshold spread9
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Figure 6: Comparison between di�erent ADC resolution, with a nominalthreshold of 2000 electrons and a reduced pulse height (60 %).10


