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Reminder: the current CMS pixel detector

• 66M pixels (100mmx150mm)

• 1m2 of n+-in-n silicon sensors

• Excellent resolution and efficiency

• Excellent good-channel fraction and 

uptime in Run1 and Run2 so far
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Present detector 

designed for 1034cm-2s-

1 and 25ns bunch 

spacing

>99%

sr=10.6mm



Phase1 pixel detector design 

• Installation during extended year-end technical stop 2016/17 in February’17

• Smooth transition needed from installation to physics data taking; not much time for 

in-situ calibrations

– Sensor technology, pixel size and module concept very similar; need to fit into existing 

infrastructure

– Move from analog to digital readout chip (ROC)  reduced buffer overflow and inefficiency

– Move from 3- to 4-hit coverage  increase redundancy and track finding efficiency

– Move closer to the beam  improve vertexing and b-tagging

– Move from single-phase fluorocarbon (C6F14 ) to evaporative, bi-phase CO2 cooling
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1856 modules
124M pixels

1440 modules
66M pixels



Phase1 upgrade improvements 

• Present detector designed for 1034cm-2s-1 and     

25ns bunch spacing

• Expect twice as much before LS3 (2024)

– 50 pileup events, hit rates of ~600MHz/cm2

 Improve redundancy: from 3 to 4 layers (BPIX),   

from 2 to 3 disks on each end (FPIX); impacting 

tracking efficiency and purity

 Move closer to beam: improve vertexing and b-

tagging

 Avoid hit inefficiency of up to 16% due to buffer 

overflow in readout chip (ROC) with new digital 

ROC

 Reduce mass: use CO2 cooling instead of 

water-glycol
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BPIX & FPIX exploded view
FPIX / BPIX System &  Service Structures  !

4 layer BPIX !

3 disk FPIX!

optical links (DOH)!

FPIX Service Cylinder (4x)!

BPIX Supply Tube (4x)!

module !
connections!
(connector 
PCB)!

DC-DC !
LV-power conversion!

CO2 cooling loop!
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Pixel Modules
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Phase-1 BPIX Modules

Katja Klein The Phase-1 Upgrade of the CMS Pixel Detector

Layers 2-4 Layer 1
M = 1.6 g

0.74% of rad. length

16 readout chips (ROCs)

Bump-bonded to sensor

Thinned to 180µm & 75µm (L1) 

Si3N4 base-strips, 250µm thick

or carbon fiber clip (L1)

• Same module geometry for FPIX (modules differ only in details) simplification

• In total 1 856 modules and 124 million channels

High Density Interconnect (HDI) 

1 (L2-4) or 2 (L1)Token Bit Manager chips

1 to 4 data streams of 400 Mb/s

7

n+-in-n silicon sensor 

Active area: 16.2 x 64.8 mm2

66 560 pixels per sensor

BPIX

• FPIX:

– Bump bonding done at vendor (RTI)

– Module assembly done in house at two 

institutions 

• BPIX:

– Bump bonding and module assembly 

done at vendors and in-house at several 

institutions

• Module = Sandwich{ROCs+SiSensor+HDI}

– 16 ROCs = >66k pixels

ROCs

Sensor
HDI

Bumps



Readout Chip
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• New, digital readout chip based on 

present analog PSI46

• Same technology (0.25mm CMOS) and 

column drain architecture

– 40MHz analog  160 Mbits/s 

digital (8 bit ADC)

– Increase of hit (32  80) and time 

stamp (12  24) buffer depth

– Additional readout buffer

– Smaller cross talk + improved 

comparator  threshold reduced 

from 3200e- to ~2000e-
 better 

efficiency, resolution and longevity

• Final version for BPIX L2,3,4 and FPIX 

performing very well

• Special version for L1 (580 MHz/cm2) 

with cluster readout



Layer 1 ROC :  PROC600 

Design parameters:!

• chip size  7860 m x 10ʼ550 m

• pixel size  100 m x 150 m #

• 339 transistors / pixel   (268 L24 ROC)#

• pixel array   52 x 80#

• DCCD transfer in DC at 40MHz#

• Data Buffer Cluster Cells (4x)  56#

• Timestamp Buffer  40#

• ROC Read-out Buffer 64#

• Total transistor count : 2.2 M#

• analog pulse height : 8 bit ADC#

• pixel rate ~600MHz/cm2    ~FEI4!

• expect rad. hardness  ~500Mrad#

• power consumption#

- analog power identical to L24 ROC#

- digital power probably less than L24 #
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Cluster of #

4 pixels #

Data Buffer#

PROC600 design innovations 

Dynamic Cluster Column Drain mechanism 

allows up to 8 pending column read outs#

 major circuit redesign     #

Trigger verified DB 

check-out for up to 4 

pending readouts and 

does not reset after     #

Cluster of #

4 pixels #

Data Buffer#

PROC600 design innovations 

Dynamic Cluster Column Drain mechanism 

allows up to 8 pending column read outs#

 major circuit redesign     #

Trigger verified DB 

check-out for up to 4 

pending readouts and 

does not reset after     #

Layer 1 PROC600 Innovations



High rate x-ray test of PROC600v2

High Rate x-Ray Tests of PROC600v2 !

high rate x-tay efficiency tests confirm excellent behaviour v2 chip !!

Note:  digital power was set to Vdig = 6 only !   (out of 15) !
10/18/16Petra Merkel | CMS Phase1 Pixel Upgrade9

High rate x-ray tests confirm excellent behavior of v2 chip



PROC600 irradiation studies
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High rate test beam with protons

PIF = PSI proton Irradiation Facility!
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Module production
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BPIX Module Production Status 

Layer    #modules   built & qualified   !
        !(needed)            A+B   !

L4           (512)       :        609     !

L3           (352)       :        297                       !

L2           (224)       :        227 !

L1           (96)         :        130 bare modules (9.Oct)!

•  KIT/Aachen, Hamburg &CERN/TW/FI  production completed!

•  INFN delivers ~80 L3 modules at end of September!

•  L3&L4 modules interchangeable (864)!

     906=864+42 built  (5% spares)!

•  C* modules could be used at L4: extra 57 (11% spares) !

•  L2: production done   50 spares!

•  L1 production with PROC600 at full swing now!

  - 130 bump bonded (9.Oct), typical rate ~10/day!

  - expect to bump bond another ~30-40 bare modules  !

  - finish to full modules at 6(12)/day starting wk40/41) !

BPIX !

all delivered modules now at PSI with caps 
mounted & acceptance tested (at ETHZ)!

   ready for mounting to half shells!



Module Production and Quality
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J. Antonelli            Tracker week phase 1 module meeting          July 18

Module performance plots
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J. Antonelli            Tracker week phase 1 module meeting          July 18

Module performance plots

4

BPIX

BPIX

FPIX FPIX

FPIX
bad bumps [O(1/1000)]

(sum of all modules)

Pixel turn-on threshold Pixel noise



FPIX modules @ 300V (instead of 150V)
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Irradiation helps!

LHC CMS
Detector
Upgrade

Project

Have irradiated 

single chip 

assemblies (and 

control samples) 

to doses 

corresponding to 

10 fb-1, 70fb-1 and 

300 fb-1

Many thanks to the 

Karlsruhe group for 

the irradiation and for 

letting us use their 

facilities for the 

measurements

W. Johns / M. Verzocchi - 12 October 2016 Pixel Phase 1 Plenary 5

Operating modules at 300V (ii)

After type 
inversion 
inefficiency / 
noise are gone

This sample 
irradiated to 10 fb-

1
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FPIX Detector Assembly at Fermilab
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Outer Disk 1 Insertion

19 July 2016
S.Grünendahl – Pixel Phase 1 Integration 

Meeting
5

Inner Disk 1 Insertion

19 July 2016
S.Grünendahl – Pixel Phase 1 Integration 

Meeting
6



FPIX shipping and reassembly at CERN

• 1st and 2nd half cylinder at CERN, reassembled and tested

• 3rd half cylinder will be shipped this week, its disks on 11/2

• 4th half cylinder plus disks will be shipped week of 11/9
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Packing the cases into the van at Fermilab           Strapping the case in the plane (seat belt extender + velcro) 

 

    

TSA inspection at O’Hare    TSA inspection at O’Hare 

Packing the cases into the CERN vans in Geneva  
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Packing the cases into the CERN vans in Geneva  

 



BPIX Detector Assembly at PSI
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L2 shell



Thermal cycling of mechanical structures
BPIX Mechanics Thermal Cycling   !

thermal cycling of BPIX mechanics design!

-  check for delamination due do CTE  missmatch!

-  L1 half shell cycled 5 times  [+250C, -180C]  ok!!

 consider basic CTE design as sound !

-  L2 half shell cycled 3 times  [+250C, -180C]  ok!!

-  continue thermal cycling of all half shells as QC ! !

drilled ice core climate archive chamber at PSI!
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L2 module mountingMounting L2 BPIX Modules  !

module mounting rate  ~ 80 modules/day!

(based on L2 and L3 module mounting)!
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Completed L2Mounting L2 BPIX Modules  !

wk 37:  L2 module mounting :  2 days for 112 modules   (done)!
wk 38:  L2 module cabling     (done)!
wk 39:  L2 module testing    (done wk 38/begin 39)  4 modules needed attention, all fixed !  !
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BPIX L2 completed & cabled  !

cabling throughput  ~  3 x 8 modules / h!
 (two people)!

•  every half-face has unique cable length!
•  strain-relieve at CF-endflange!
•  cables are labled with 2 digit number!



Commissioning and mTCA DAQ

• All modules are fully qualified and 

calibrated at -20oC on the bench

• Full readout chain tested with final 

components in situ after assembly

• New DAQ system (mTCA instead of 

VME)

• Time for calibration inside CMS very 

short/non-existent before LHC turns on

• Close to final calibrations performed in 

cleanroom at CERN before installation

• Might include one quarter of FPIX into 

CMS cDAQ (from surface) to exercise 

whole chain

• Already gained invaluable experience 

with pilot system (a few FPIX modules 

installed in 3rd disk position of current 

detector (since LS1)
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Summary

• CMS will replace its pixel detector in early 2017

• This will maintain high quality physics data taking until HL-LHC 

upgrades

• Newly designed readout chip, CO2 cooling, almost double the 

number of pixels, new DAQ technology; all within the 

framework of the existing infrastructure and power supplies

• Module production almost finished

• Detector assembly progressing well, scheduled to finish next 

month
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