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1. Read Out Chip in a Nutshell
2. Pulse Shape
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4. Readout Procedure
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Read Out Chip 
in a Nutshell

Friday, September 18, 2009

mailto:samvel@uic.edu
mailto:samvel@uic.edu


U
IC

U
ni

ve
rs

ity
 o

f I
lli

no
is

 
at

 C
hi

ca
go

Samvel Khalatyan - samvel@uic.edu

ROCs in Module

ROC in a Nutshell

Next Slide: Characteristics and Electronics 4

ROC - Read Out Chip for CMS Tracker Pixels to measure particles position crossing the 
detector. It includes:
- Si Layer (sensitive to crossing charged particles)
- Underlying electronics processing deposited charge

Real ModuleSchematic View
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Characteristics and Electronics

ROC in a Nutshell

Next Slide: Pulse Shape 5

Key Moments
* Signal (from Si or Calibration) 
gets processed by a set of 
electronics that alter pulse shape 
and send to output.
* Input voltages adjust operation 
of units.
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Pulse Shape
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Problem Definition

Pulse Shape

Next Slide: Signal Propagation 7

P
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Time

~25ns
raising time

ROC electronics radiation study starting point is a Pulse Shape that is a registered charge 
deposited in sensor or injected Vcal.

How Pulse Shape changes with 
fluence. Time-walk is used as 
a description.

Want to See

Ideally Pulse Shape should remain the same for different fluence but because 
of radiation damage it would change it’s raising time.
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Signal Propagation

Pulse Shape

Next Slide: “Tornado” 8

Pixel Unit Cell (PUC) is an electric layout of electronics that 
is present at each pixel

Pulse Shape gets altered as signal propagates through electronics and we’d like to 
understand how it changes, then modify correspondingly Inputs so that original shape is 
restored (the same as for non-radiated chips). Vcal was assumed to remain the same with 
fluence.
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“Tornado” 

Pulse Shape

Next Slide: Efficiency Plots 9

Inner part of “tornado” is contents of Time Window frame (25 ns).
Edge is a Pulse Shape raising side.

WBC

WBC-1

These are efficiency plots and can be fitted by 
Error Function.

PulseShape is a signal development in 
time. Next conversions are needed:
1. from CalDel DAC units to ns
 can be extracted from “tornado”
2. VthrComp to Vcal

 separate plot is necessary

“Tornado”

0%

100%

25ns

Vcal is fixed

Threshold measurement to get value of 
injected signal in electrons.
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Efficiency Plots
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Threshold

Next Slide: Measurement 11

VthrComp1  0..255
Vtrim1  0..255
trim bits2 0..15
1 per ROC
2 per pixel

DACs affecting Threshold

trim bits
(individual per pixel)

Threshold

failpass

Threshold is used to check whether signal 
is above some level to mainly reduce 
noise.
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Measurement

Threshold

Next Slide: Noise 12

Fix threshold and vary Vcal.
t
o
o
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ig
h
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Unfortunately noise spoils 
threshold measurement. It is 
added to Vcal.
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Noise

Next Slide: Error Function 13

Noise has a gaussian distributed pdf (probability density function).

pdf(x) dx is a probability of getting noise in range [x , x+dx]
µ  is a mean noise value
σ  is a standard deviation (distribution spread)

Normalization

Transform variable and get normal distribution (Gaussian with mean at zero):
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Error Function

Next Slide: Efficiency - Fit 14

normal distribution

0

pdf(y)

µ

pdf(x)

x
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Fit

Efficiency

Next Slide:  Efficiency - Examples 15

Vcal

Ef
fic

ie
nc

y

0%

100%

In
 R

E
A
L
IT

Y

Fitting Function

µ

[0],[1],[2],[3]  Fit parameters to be estimated in fitting procedure.

Thus for In-time Threshold measurement Efficiency plot should be fitted with Error 
Function.
 [1] is a value of threshold
 [2] noise standard deviation (spread)
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Examples

Efficiency

Next Slide: Procedure (by Eric Stachura) 16

S-Curve: Threshold Measurement

Dac-Dac Scan: Tornado

Calibration Signal

Comparator Threshold Voltage

Calibration Signal injection Delay

“Tornado”
Efficiency is 100% inside and 0% outside. 
Vcal is injected 5 times into pixel for given 
value of VthrComp and CalDel.
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Procedure
by Eric Stachura
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Results
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Vcal 100

Results

Next Slide: Vcal 150 19

Raising time: 28ns
(up to 90% of amplitude)

ROC 260962-11-06
Fluence: 4.2E+14
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Vcal 150

Results

Next Slide:  Vcal 200 20

Raising time: 36ns
(up to 90% of amplitude)

ROC 260962-11-06
Fluence: 4.2E+14
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Vcal 200

Results

Next Slide: Vcal 250 21

Raising time: 50ns
(up to 90% of amplitude)

ROC 260962-11-06
Fluence: 4.2E+14
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Vcal 250

Results

Next Slide:  Vcal 50 (high range) 22

Raising time: 59ns
(up to 90% of amplitude)

ROC 260962-11-06
Fluence: 4.2E+14
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Vcal 50 High Range

Results

Next Slide: Results - Summary for Vcals 23

Raising time: 74ns
(up to 90% of amplitude)

ROC 260962-11-06
Fluence: 4.2E+14
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Summary for Vcals

Results

Next Slide: Results 24

ROC Pixel Vcal Raising T (ns) Comments

260962-11-06 5.5 Jul 27, 2009 200

Jul 28, 2009 100
Aug 6, 2009 100 28
Aug 6, 2009 150 36
Aug 6, 2009 200 50 no plateau is seen on Pulse Shape plot

Aug 6, 2009 250 59 no plateau is seen on Pulse Shape plot

Aug 6, 2009 50 74 hight range, Pulse Shape is failed

low range Vcal high range Vcal

Raising time is Pulse Shape development up to 90% of its plateau.
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Results

Next Slide: 25

4 Pixels were tested per ROC in results below
2 unirradiated ROCs were tested giving ( 26.0+/-.5 ) ns raising time
1-2 ROCs per fluence giving ~( 31.0+/1.9) ns (avg for all fluences) raising time.

There is clear evidence of increase

Next step is to try to adjust input parameters of Preamplifier and Shaper to restore 
original raising time.
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Online Logger
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Reasons

Online Logger

Next Slide: Features 27

- All loggs in PIRE Group are hand written
- No affordable Logging system available
- Should be very simple and intuitive
- Must allow to add entries and reply to 
them
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Features

Online Logger

Next Slide: Basic View 28

- Web 2.0
- Authentication

- Add Entry
- Reply

- Search
- by ID
- in Dates range (coming soon)
- Author (coming soon)

- Auto Update
- Permalink (coming soon)
- Supported in Opera 9+, FF 2+, Safari 4+ (IE is 
coming soon)
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Basic View

Online Logger

Next Slide: Authentication and View 29

Title

Number of Replies

Author

Date
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Authentication and View

Online Logger

Next Slide: Search 30

Expandable

Searchable

w/ Authentication
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Search

Online Logger

Next Slide: Add Entry 31
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Add Entry

Online Logger

Next Slide: 32
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