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" Overview
" DMILL readout chip, testbeam

" Barrel Module
" 0.25 um readout chip



CMS pixel detector " 3 layer barrel, 4cm/7cm/11cm

" Disks in fwd/bwd region

" 300um Si Sensors, n- side r/o

" Indium bump- bonded to 
readout electronics

" Operation in 4 T Field:              
 charge spread > 100mm  (r- f )

"  wide pixels + interpolation

" 100mm x 150mm

" Endcaps tilted for charge 
sharing

52cm

120cm



CMS pixel readout
" 20 interactions/O(5000)  hits per bunch crossing in the barrel 

region (high  luminosity)

Assign hits to 25ns bunch crossing

Store during trigger latency, 1.3ms

dead- timeless operation,10- 3  triggered/read out
" Strategy

– Simple pixel cell (granularity, yield)

– Buffering/ book- keeping outside active region
" => Permanent data- flow, possible bottle- necks

 verify architecture for data rates expected @ LHC => 
Simulations and Test- beam



PSI43 (DMILL)
" 150 mm x 150 mm pixel

" 52x53 pixels in
26 double columns
345 k transistors, 125/puc
________________

" Periphery:
78 k transistors

" Pixel- column interface

" Data buffers (4x24 capacitors)

" Timestamp buffers (8x8 bits)

" I2C, DACs, regulators, 
counters, readout, wirebonds
6 k transistors
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Data Losses in PSI43 " Column Drain architecture

" Data loss when local buffers 
(depth[n]) not emptied before 
new data arrives 

" Data Loss simulations
LHC, full luminosity:
7cm layer, 4cm layer

–  

Double column readout

Pixel- column interface

Pixel waiting [1]
0.16%, 0.38%

Column busy [2]
0.23%, 0.95%

Data Buffer full [24]
0.04%, 0.12%

Timestamp Buffer full 
[9 TS]
0.05%, 2.80%

Waiting for  Readout[1]
0.21%, 0.59%

CD setup 
1 bc deadtime
1.8%, 3.9%



PSI testbeam 
" Bump- bonded single chip +sensor 

assembly

" 350 MeV/c, mostly p+,  
 50 MHz beam structure
chip operated with synchronized 40 
MHz clock

" Intensity variable, up to 
30´ 106/(cm2s) track density
 » high Luminosity, 4 cm radius

" Rates comparable to LHC conditions
Stochastic hit patterns

" Randomized readout 
emulating CMS trigger



Chip assembly

Scintillator
telescope
beam trigger
intensity

Scintillators
2x2x2mm



Testbeam data- loss measurement,
 artificial "hits"

" Inject calibration signals on 
top of the beam induced hits

" Send trigger/token and count 
missing hits

" 100% efficient without beam 
induced traffic

" Linear increase with beam 
intensity (~ random hit rate ),
agreement with simulation

"



efficiency for beam particles
" events triggered with 

scintillators

" 2% inefficiency for very low 
beam intensity

" Steeper increase with beam 
intensity than expected

" Similar slope observable for 
calibration signals at low 
threshold



Barrel Module with PSI43

Silicon base- plate

High densitiy interconnect
3 metal layers(7mm), 
polyimide(8mm) CTE matched to Si
glued onto back- side of sensor Sensor

16 readout chips
bump- bonded to sensor,
then mounted on base- plate



Barrel Module

" 4g including cable

" "Class B" chips, no electrical 
results yet

decoupling capacitors (70nF,0.8x0.8mm)
base- plate with polyimide insulation
hole for mounting screws



DMILL ®  0.25mm translation

" Improved readout chip in 0.25mm technology (DMILL 0.8 mm)

" Higher density possible (x3) despite radiation- tolerant layout

" Close to DMILL design, remove some compromises

" Smaller pixel size 150mmx150mm - > 100mmx150mm (more 
charge sharing with irradiated sensors)
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0.25 mm test structures

" Test structures last year

" Work as expected, faster than 
DMILL counterparts

" Small radiation effects

" Example:. Preamp- shaper

– before irradiation 

– after irradiation, 13.2 Mrad

– feedback resistor adjusted



PSI46, 0.25mm readout chip
" Full chip close to submission

" Reduced data- loss, 

Dead- time free CD control

TS- Buffer     8 ®  12

Data Buffer  24 ®  32

" Simulations: 
Acceptable for 4cm layer at full 
luminosity (<1% data loss)

" Shorter periphery (- 1mm,good 
for module construction)

" Lower supply voltage/power

80x52 pixels
1.2 million transistors
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Conclusions

" first full readout chip for the CMS pixel detector 
in DMILL technology fabricated last year

" Architecture tested in LHC- like environment
" First barrel module prototypes built
" Improved readout chip in 0.25um technology 

close to submission


