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A numerical  estimate of the capacitance of the PR-03 phi and R sensors has been made using the ISE(. For the phi detector Detailed simulation of the inner and outer region areas  yields a predicted capacitance up to the bond pads of C(inner=6.7(0.4pf and C(outer=7.2(0.4pf. The values for the phi sensor measured using a both capacitance and noise estimates are C(inner=xxx and C(outer=yyy. The capacitances of the r-sensors have been estimated and measured  for 4(?) different strips representative of the different regions of the PR-03 sensors. The values range from a smallest estimated value Crshort=xxx to C(long=yyy. Measured values yield Crshort=xxx to C(long=yyy,

The capacitance of the strips of the VELO sensors is an important input to the expected noise of the combined sensor-frontend system. It also allows permits a measure of the performance of frontend chips to be made with a realistic input load. 

Phi Sensors

The capacitance of the Phi sensors is somewhat easier to estimate as the geometry is rotationally invariant, with all inner strips having the same capacitance, Cinner , and all outer strips also have the same capacitance, Couter .

The geometry of the PR-03 sensors, manufactured by Micron Semiconductor, and designed at Liverpool University has been input to the ISE software. A full and detailed description of all the processing steps in the manufacture of the sensors allows precise modelling of the electric fields within the sensors, hence an accurate estimate of the capacitances to be made.

The capacitances were calculated along many points along the strips. Cinner  and Couter are the “final” capacitances seen at the bond pads, but in general the capacitances per unit length vary as a function of the radial distance of the strips from the nominal centre of the detector. This is a natural functions of the increasing pitch of the sensors as a function of the radius. For simplicity we present the estimate capacitances/cm at the smallest and largest radii on both the inner and outer sectors. All the numbers are for a 200micron thick sensor.

	
	
	Inner Section
	Outer Section

	Smallest Radius 
	Strip
	4.00pf/cm
	2.74pf/cm

	
	Routing Line
	-
	-

	Largest Radius 
	Strip
	3.48pf/cm
	3.41pf/cm

	
	Routing Line
	1.54pf/cm
	1.51pf/cm


Table 1: Capacitance (pf/cm) calculated

For the outer section the capacitance may be calculated from the average of the readout line from the smaller and larger radii. For the inner section the capacitance of the strip in the inner region must be added to the capacitance of the routing line in the outer section. 

The lengths of the strips in the inner and outer sections and that of the routing lines are given in Table 2.

	Inner strip length(cm)
	0.9952

	Outer strip length(cm)
	2.2108

	Routing line(cm)
	2.1981


Table 2: Lengths of strips and routing lines
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Figure 1: Cartoon of the PR-03 Phi sensor, showing extreme calculation points on the inner and outer sections.
The capacitances are then estimated to be

Cinner   
= 6.7 ( 0.4 pf

Couter
= 7.6 (
 0.4pf

The errors from the ISE calculation are estimated to be approximately 5% of the total value.
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Measurement

The capacitance of the phi sensors may be measured using two different techniques. A direct measurement using a capacitance bridge and an indirect method using the noise

observed in the front-end chips with well understood performance.
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