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Abstract 
 
 
 
 
 

Radiation tolerant building blocks for high-speed links for data transmission in High Energy Physics experiments have been developed at INFN-Pisa and 
UCSB in a commercial 65nm CMOS technology: 2Gbps Standard-Cell based Serializer and Deserializer and custom 3GHz SLVS Driver and Receiver. Results 
of test and characterization of the last version of the circuit prototypes produced in the second half of 2016 and tested and characterized, including TID and 
SEE tests, in the first half of 2017 are presented. The Serializer and the SLVS Drivers have been successfully used in the CHIPIX65-FE ASIC, a demonstrator 
of a Front-End ASIC for pixel detectors developed at INFN (see L. Pacher presentation at TWEPP 2017).  
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High speed links for data acquisition and 
distribution  
of Timing, Trigger and Control (TTC) signals 
require: 
•  High speed differential drivers and receivers 
•  Serializers and Deserializers 
•  Clock & Data Recovery and PLL devices 
•  Channel Synchronization modules 
•  Command & Trigger decoders 
•  Data Buffers 
Libraries including all the physical and timing 
information for these building can make more 
efficient, fast and robust the integration process 
of complex Front-End ASICs   

SERDES65_V3 
 
 
 
 
 
 
 
 
 

Irradiation Test (TID) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

•  X-Ray Facility at University of Padova (Physics 
Department) 

•  Dose Rate = 9.06 MRad/h (40 kV – 50mA)  
•  One sample (SERDES65_V3) up to 1 Grad (110h) 
•  Test Mode 

•  Powered (current monitored) 
•  Loopback 

•  CLK (F = 320MHz) to RX_IN 
•  TX_OUT to 5GHz Oscilloscope 

•  Amplitude 
•  Trise and Tfall 
•  Jitter 

•  Minor changes (<10%) up to 500 MRad 
•  After 1 Grad 

•  No output with F > 40MHz 
•  Rail to rail output with F < 40 MHz 

•  Completely recovered after 2 weeks at room temperature Irradiation Tests (SEU) 
 
 
 
 
 
 
 
 

•  Tandem Facility at INFN – LNL (Heavy Ion 
beam) 

•  One sample (SERDES65_V1) 
•  Test Mode 

•  1h runs (180 loops – 20 seconds each) 
•  Data from the FPGA to DUT SER and 

from DES to FPGA 

INFN-Pisa & UCSB projects on design of custom blocks for serial links 
•  INFN (2009-2011) => FF-LYNX Project (CMOS 130nm) 

Serial protocols and interfaces for integrated readout and TTC distribution 
•  UCSB (2011-2013) => UCFF Project (CMOS 130nm) 

Radiation tolerant and low power modules for high speed data links in 
HEP experiments  
•  1Gbps Standard Cell based Serializer and Deserializer  
•  3GHz LVDS Driver and Receiver  
•  1GHz PLL 
•  5Gbps TX/RX Differential pads with embedded isochronous SERDES 

•  INFN (2014-2017) => CHIPIX65 Project (CMOS 65nm) 
Front-End IC for future pixel detectors INFN-Pisa  
•  2Gbps Standard Cell based Serializer and Deserializer  
•  3GHz LVDS Driver and Receiver 

  

Serializer & Deserializer SLVS Receiver (RX) SLVS Driver (TX) 
•  SERDES INFN-PI => 20bit, 2Gbps, SC (2x) 
•  SER Bonn => 20-bit, 3.2 Gbps, Custom (1x) 
•  SLVS RX (4x) => CLK, DES INFN (2x), 

LOOPBACK (1x) 
•  SLVS TX (4x) => SER Bonn, SER INFN (2x), 

LOOPBACK (1x) 
•  12-bit ADC 
•  Rad-Tolerant (thin-Ox devices) Pad Library 

from CERN 

•  Data Packets (15 Data words from LFSR PRG + 
comma) transmitted from FPGA to DEV1 Serializers 

•  On-Board Connection Selected in DEV2 
•  Error Detection in Data Packets from DEV2 in FPGA 
•  Output of DEV1 Serializer 0 and DEV2 Serializer 2 

monitored 

•  High frequency clock (up to 1GHz) from AD9516-4 board 
transmitted to Loopback RX 

•  Output of Loopback TX monitored and analyzed with a 8GHz 
Oscilloscope (LeCroy) and 5GHz differential probes 

•  6 samples (bonded on custom test board) tested 

Sample	   Trise	   Tfall	   RJ	   DJ	   Eye	  Height	   Eye	  Width	   Duty	  Cycle	  
	  	   (ps)	   (ps)	   (ps)	   (ps)	   (mV)	   (ps)	   (%)	  
1	   146	   134	   2,91	   37,63	   339,2	   604	   48,15	  
2	   103	   111	   2,35	   59,31	   410,0	   608	   46,51	  
3	   104	   104	   2,9	   48,79	   279,1	   608	   52,04	  
4	   89	   104	   1,49	   78,92	   317,3	   599	   54,54	  
5	   256	   224	   2,24	   106,57	   637,7	   638	   57,22	  
6	   117	   116	   2,56	   58,36	   444,5	   602	   46,66	  

DUT Carrier for SERDES65_V1 (1x) 

DUT Carrier for SERDES65_V2/V3 (2x) ZedBoard FPGA Test Bench 

AD9516-4 (PLL) 

Comma 


