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Introduction

Results

Objectives
The nature of this project was two-fold:  first, 
implement an automated test for the pixel 
detectors, and second, develop a program to 
analyze the data gathered by the test. 

 Use LabVIEW to automate a test that will test 
each pixel at a range of voltages for the 
following: 

 Current 

 Capacitance 

 Resistance 

 Use ROOT to: 

 graph these parameters versus voltage 

 Determine the depletion voltage 

 A LabVIEW program was developed to test a grid of pixels at a range of voltages for the 
desired parameters 

 C++ was used to create code that could be used by ROOT to create: 

 Plots of current, resistance, and capacitance versus voltage. As an example, the figure 
below shows an I-V curve with corresponding sigmoid fit to obtain the depletion voltage. 

 Histograms of  the plateau for current, resistance, and capacitance  with respect to the 
position of the pixel on the grid  

 Detectors for CMS have yet to be tested, however, test data has been obtained from 
sample strip detectors 

Silicon pixel detectors are essential in the 
detection of B mesons that arise from high 
energy collisions in the Compact Muon 
Solenoid (CMS) at CERN. The detectors need 
to be very close to the beam in order to 
detect the decay of B mesons and thereby 
are exposed to large quantities of radiation, 
necessitating frequent replacement of these 
detectors. B mesons could potentially 
provide evidence of the Higgs Boson. 

The pixel detectors consist of many small, 
semiconducting diodes and must meet 
certain specifications to be useful. The aim of 
this project was to implement an automation 
software to characterize the si l icon 
detectors.    

ROOT histogram of the plateau 
of the  I-V curve with respect to 
position 

I-V curve fit showing the depletion 
voltage. The depletion voltage here 
is about 11V. 

Semiconductor Basics
The pixel detectors are created using a combination of p- 
and n-type silicon semiconductors. N-type semiconductors 
h a v e a n e x c e s s o f e l e c t r o n s w h e r e a s p - t y p e 
semiconductors have an excess of electron holes. In a  

Creation of free electrons 
by particles passing 
through the detector 
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One of the detectors used 
to obtain sample data 

Setup of the electronics 

there are no free charge carriers in the semiconductor.  
When a charged particle passes through the detector, it 
separates electrons from the atoms in the depletion region, 
creating electron-hole pairs, which move according to the 
bias, generating current which can be detected.   

region around the junction of a p-type 
with an n-type, the extra electrons in 
the n-type eliminate the holes in the p-
type, creating what is known as a 
depletion region with no free charge 
carriers. By applying a reverse bias, 
this region can be widened such that      

Setup
The setup for the test stand consists of a high voltage source 
(Keithley 237), an LCR meter (Agilent 4284A), a probe station 
(Cascade Microtech Summit 12K), and a PC.  All these elements 
are connected as shown in the diagram below. 

A set of capacitors was used to isolate the LCR from the rest of 
the circuit.  The capacitors were chosen with large capacitances 
to minimize the effect they would have on the small capacitance 
of the device under test. A resistor of 1MOhm limits the current 
through the device under test. 

A portion of the LabVIEW code 
used to control the probe station  


