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LHC environment:

* 40 MHz bunch crossing frequency
* 50kHz Leve 1trigger rate
* fluence up to 50 MHz/cm?

requirements on Read Out Chip (ROC):

* register pixe addresses and bunch crossing numbers
® Zero-suppression

* datataking and simultaneousreadout operation

* radiation hard design

* |ow power consumption

* analog pulse-height infor mation



Development of the CMS pixel read out chip

* devdopment started in DMILL technology
- radiation hard technology
- 0.8 um, two metal layers

® design: limited # of transistors/pixel and buslines

® PSI43in Summer 2002: complete functionality, basically working,
Insufficient rate capability for high luminosity

* Translation to Deep Sub Micron (DSM) technology
- designed radiation hard
- 0.25 um, five metal layers
- half voltage, half current
- PSl43 trangdlation: September 2002 [ June 2003
> PSI 46 received August 2003
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Architecture of PSI46

* pixd:

- no clock, counter or buffer

- waitsfor hits, notifies periphery
* column periphery:

- setstime-stamps

— collects data from pixels,
buffersdata

— until confirmed by the CM S
trigger or latency passed

* readout of triggered data after
token entersthe chip

Data:
pulseheight
+ addresses

readout

Trigger
<

Time-stamps



Pixel Unit Cell of the PSI46
: . . * analog:

T 1

- pre-amplifier, shaper, sample-hold
mechanism, compar ator

* threshold:

- 8 bits global
- 4 bitslocal trim
* pixel address:

- 9bitsdigital
1 1 e 251 transistorsper pixel
— L
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test pulse, — threshold (
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TimewalK of PSI46 (no sensor)
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analog readout of PSI46

* 40MHz, 20 MHz fallback
* 3cyclesheader per chip
* addresses analog coded

- 6levels
— 2 cyclesdouble column
- 3cyclespixel row

* 1 cycleanalog pulse height
* repeated for each hit

* each readout passreturnsdata
for only onetrigger number

Tek Run: 250M5/s San;I!EIe
i i

1A: 40.0ns
|@: —4.664us

Math 100my 40.0ns

W 40.0ns 7236V g9 sep 2003
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Radiation Tolerance of DSM teststructure

Tek Stop: 300MS/8 1208 Acgs
* teststructure of theanalog block I || R e
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PSI Testbeamn Setup September 2003

e beamline nE1 at PSI:

|_Testboard
- 1t -beam, 300 MeV/c gl

— 50 MHz bunch structure

/Chip

* beam intensity variable up to 80 Scintillator I éy/PM
ﬂ
L

MHz/cm’
Pion Beam \¥|§
3 = o

* trigger: =
- scintillators @ _/ (@
- §ze 2*2*2 mm’ cubes /L 7 /

AND
* goal of testbeam: / Frequency
: 50MHz f 7
- datalossunder LHC equivalent \jochne ciock 10MHz LAND
conditions 40MHz

- general functionality of DSM ROC

Control Data
Electronics — Aquisition




‘PS146 performance

clusters =

Entries 131339
Mean X 20.33
Mean y 34.37
RMS x 8.264

* singlePS46 ROC bump-

bonded to a 280 um thick s

RMSy 12.56
silicon sensor 600—;--- S

500

hit map for eventstriggered 3
with scintillators (2mm*2mm) 3
chip clock 40 MHz 2003

digital addr ess encoding 03

worksfine o) 5B




data loss mechanisms of PSI43 and PSI46

* Datalosssimulationsfor LHC
conditions, full luminosity for 4cm

layer: PSI43 - PSI46
Pixel waiting N : :
03%_ 020 — * new chip acceptablefor inner layer @
high luminosity

Columnbusy [2- 3] [ racoiudninetace |« CD setup [1-0]

1.4% - 0.25% — 3.9%- 0%
Data Buffer full [24— 32 “ Timestamp Buffer full
0.1% - 0.15% [8- 12]

l 3.1%, — 0.17%

. Waiting for Readout
Double column readout  ——p 0.59% - 0.51%




inefficiency for beam particles of PSI46

inefficiency vs. fluence of PSI46
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[ inefficiency as measured

A Poisson corrected 0 = %(%lx))-, clock = 50 MHz
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Single Event Upset (SEU) for SEU teststructure

| cross sections for SEU |

flipping of bitsdueto deposited . " cross secon 0~ 1o cap
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Conclusions/ Outlook.

successful trandation of the DMILL readout chip to 0.25 um
significantly improved over PSI43

first chipstested, looks very good

some minor problemsidentified, know how to fix

re-submission with minimal changes early 2004



