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Talk layout
1. Introduction  
2. RD53 Organization  
3. Moving to full size protototype 

1. Analog Very Front Ends 
2. IP-blocks 
3. Small demonstrators 

4. RD53A prototype 
5. Radiation effects  
6. Conclusions
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Pixel Detector at HL_LHC
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Requirements from HL_LHC experiments 

Small pixels:    50x50um2                                   
Large chips:   2cm x 2cm ( ~1 billion transistors) 
Pixel Hit rates:   up to 3 GHz/cm2         (200 P.U.) 
Radiation:         1Grad, 1016 n/cm2 (unprecedented) 

    
Trigger:   up to 1MHz with 12.8us latency 

   (~100x buffering and readout) 
Low power - Low mass systems   

Data readout : up to 4-5 Gbs/s   
TRIGGER Latency up to 12.8us  (x3) ==> deeper storage 

buffer

overlap of 200 collisions in 1 BX
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RD53 Collaboration 
is a real and effective synergy 
among CMS-ATLAS communities 
with a specific and focused goal 
with a real main deliverable: 
a LARGE scale FRONT-END ASIC
prototype for Pixel-Phase 2 
detectors 

Personal comment:  
quite unique experience 
challenging when going to decision 
EXCELLENT melting pot !

Web-site:  http://rd53.web.cern.ch/rd53/Institutes:  
8 CMS, 2 CMS/ATLAS, 9 ATLAS

RD53A
F.Loddo 
T.Hemperek
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Full Scale prototype
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Essential Components for   
FE-ASIC: 

Analog VFE 
IP-Blocks
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Four VFE analog designs
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Rad-tested

Rad-tested

Under-test
Back on Sept
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RD53: IP blocks
• List of required ~20 IP 

blocks: assigned to various 
groups 

• Initial specs review done in 
June 2014 
• 2014: 7 first prototypes 

submitted 
• 2015: remaining prototypes 
• 2016: versions for RD53A 

• IP-block for RD53A have to 
be prototyped, 
characterised and tested 
before / after irradiation up 
to at least 500  Mrad. 

• Band Gap                  : CPPM, Pavia, CERN
• DAC                            : Bari, Prague
• I/O PAD                    : CERN, LBNL
• SLVDS driver            : Pavia, Pisa
• SLVDS receiver         : Pavia,Pisa
• PLL                             : Bonn
• SER                             : Bonn, Pisa
• DES                             : Pisa
• CDR                            : Bonn
• Cable Driver              : Bonn
• Monitoring ADC      : CPPM, Bari, CERN
• Temperature Sensor: CPPM
• Radiation Sensor      : CPPM
•  Analog Buff RtoR    : RAL

• Power-ON Reset      : Sevilla
• Shunt LDO                : Dortmund

• Config. Memories     : CPPM
• SRAM  EOC               : CERN, Milano
• Others : VCO, EFUSE, DC-DC….
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Small Size (64x64 
pixels) Demonstrators               

• FE65p2 demonstrator 

•CHIPIX65 demonstrator
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They are a full exercise of chip integration and constitute a trial version before moving 
to the full size prototype. Both (2x2) analog Islands on digital

•  FE65P2 (LBNL + Bonn)
•  digital architecture for pixel region (evolution of FEI4)  4b-ToT
•  single Analog VFE :   LBNL version

•  CHIPIX65_demo (INFN)
• new architecture for pixel region (larger sharing of latency buffer)
• Proving Multiple Analog VFE :  Torino,  Pavia versions 
• IP-block from RD53

10

Small demonstrators
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FE65P2 demonstrator
Institutes: LBNL, Bonn
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FE65P2 + planar sensor
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CHIPIX65 demonstrator
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64x64 pixel matrix -  50x50 um2  

HL_HLC flux rates:  3 GHz/cm2 
Trigger latency : 12,5 us 
Low power consumption   
5-bit ToT signal digitisation 
In-time threshold  <1200 e- 
Noise ~100e- @50fF input capacitance  

VFE & IP-block developed in RD53 

~3M of digital standard cells

INFN institutes: To, Ba, Le, Mi, Pd, Pg, Pi, Pv3,46 mm

5,
15

 m
m

submitted on 

5-July-2016

(2x2) Analog Islands 
on (4x4) pixel region digital architecture

CHIPIX65:  2013 CALL project INFN  - CSN5 
Web-site:  http://chipix65.to.infn.it  

http://chipix65.to.infn.it
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Digital architecture:
• Organised into (4x4) Pixel Region  
• central latency buffer 
• inefficiency<0.1%

Analog Very Front End:
• (32x64) synchronous  design 
• (32x64) asynchronous design 
• up to 50nA leakage current/pixe 
• 5bit signal: ToT measurement in <150ns@Q=10ke-

IP-Blocks: 
• 16 DAC (10bit current steering) 
•  1 BandGap 
•  1 monitoring ADC (12bit) 
• 8 x sLVS-RX 
• 2 x sLVS-TX 
• 1 Serializer

Running mode:
• Triggered / triggerless / debug 
• BinaryOnly/5-bit ToT 
• EOC scan-chain

Input / Output:
• Fully digital  
• Configuration via SPI 
• serial readout@320 MHz 
• 8b10b encoding

CHIPIX65 demonstrator

2x2 analog island on digital see

Bias and monitoring

14More on E.Monteil poster
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RD53A  
Full size prototype 

•(400 x 192) pixels 
•2 cm2 
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R D 5 
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Analog Chip Bottom 
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Digital End of Column
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Pixel Array Logic
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Space is critical: to go above 4-bit ToT and 12.5 usec latency (L1-only) seems to be 
not trivial limit for 3GHz/cm2 pixel rate, if a 50x50 um2 is realised in CMOS 65nm, 
with rad-hard options. 

Work on-going =>  Two digital architectures under analysis (FE65P2 and CHIPIX65)
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Powering Profile
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Very important for Serial Powering 
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Radiation Effects

21



R D 5 3

L. Demaria            Recent Progress  of RD53 on HL_LHC Pixel-ROC        PIXEL 2016 Workshop - Sestri Levante

TID: Analog VFE

• No major worry: two out of four 
analog-architectures tested under 
radiation and  no serious problem seen

Cd=80fF 
Medium I_rec

• Gain decrease of ~5% 
• Slower signal but looks ok  
• 10-20% increase of noise 

600 MRad

22
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Digital library radiation test 
chip DRAD
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DRAD : first results

• 9T is the digital library for Pixel-Matrix (7T cannot be 
used) 

• so far results in agreement with simulation models 
derived from single MOS radiation characterisation 
results 

NEXT Steps:

24

9T

7T

12T 18T



R D 5 3

L. Demaria            Recent Progress  of RD53 on HL_LHC Pixel-ROC        PIXEL 2016 Workshop - Sestri Levante

Conclusions
• CMOS 65nm choice is obligatory for Pixel-ROC at HL-LHC given 

the particle flux, the L1 trigger latency and rate 

• Major progress during the last year  
• VFE, most of IP-block developed 
• Small Demonstrators 
• RD53A started for real 

• Important points for RD53A are: 
• ANALOG: dead-time of analog 
• Area / Power for digital in pixel matrix (keeping up efficiency) 
• Serial Powering 
• Digital Radiation Hardness 

• Lot to be done but submission of RD53A for end of March 2017 is 
a solid milestone 

• Lot will be learnt from RD53A  - stay posted !
25


