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Electronics for WFCTA 
WFCTA prototype 
²  Classical FADC-based electronics 
²  Complex 
²  High power consumption 

ASIC solution 

²  Compact design 
²  Low power cons. 
²  High stability 
²  High reliability  
²  Easy to maintain 
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HV base AB DB 

4x4 PMTs 

The ASICs can be used to simplify 
the electronics of LHAASO. 

Prototypes in YBJ, Tibet 

256 channels 

We focused on 
WFCTA at first. 
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Simplified block diagram 
PARISROC 2 

Die: 5 mm X 3.4 mm 
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Property Specification
Technology AMS 0.35µm SiGe
Die dimensions 5.034 mm × 3.42 mm
Area 17.21 mm2

Channels 16
Power Supply 3.3 V
Power Consumption 15 mW/channel
Package CQFP-160/TQFP-160



System block of the new FEE 
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²  Two PARISROC 2 chips with 2 groups of 16 inputs 
²  Voltage dividers at input to extend the dynamic range and keep nonlinearity low 
²  New powerful FPGA (Xilinx Spartan-6 LX150) as the central controller 
²  Multiple transferring protocols, such as 1G Ethernet, LVDS 
²  Power supply: +5 V to +12 V 
²  Can be easily adapted to any other experiment with similar requirements 

1 Cluster = 4 X 4 PMTs
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Y.T. Chen et al., Front-end electronics based on an autonomous, trigger-less ASIC for LHAASO, 33rd ICRC, Rio de Janeiro, 2013  



Picture of the FEE 
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Six layers PCB 
Size: 140 mm X 80 mm 

New FEE 
•  16 X SMA inputs 
•  2 X PARISROC 2 
•  Ext. trigger supported 
•  Mezzanine board  

•  Trenz TE0600-01 
•  Spartan-6 LX150 
•  50 mm × 40 mm 
•  Ethernet embedded 
•  DDR3 SDRAM embedded 

•  Power: +5 V to +12 V 
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DDR3 SDRAM 

1G Ethernet 

2 X PARISROC 2 

16 X Input (SMA) 

Trenz TE0600 
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PARISROC 2: Time measurement 
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Coarse time: 
-  ClkTS: 10 MHz 
-  24-bit gray code @ rising edge 
-  1-bit @ falling edge 

Fine time: 
-  ADC-type of TDC 
-  2 ramps + 2 capacitors 
-  Ramp: 100 ns 
-  Ramp overlap: 40 ns 
-  StartRamp delayed: 20 ns 
-  Time tagging: < 1 ns 

Absolute time = Coarse time + Fine time 



PARISROC 2: How to recover real time 
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The key point is to recover 
the “Ttdc” unit. 
•  Ramp is fixed to 100 ns 
•  Find out the output range 
 
Typical way:  
•  Injecting a periodical pulse 

signal into a certain channel.  
•  The signal is synchronized 

to the rising edge of the 
“StartRamp”. 

2 Ramps + 2 Capacitors 



Recovered time without calibration 
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Frequency: 5 kHz; Interval: ~ 200 μs 

INL < 1 X 10-7 % 

2 ramps + 2 capacitors 
4 groups of outputs 

H.Y. Zhang, LHAASO-WFCTA-TECH-FR-IPNOLAL-20141211-02C, 2014.12 



New calibration method 
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External trigger port 
•  FPGA  
•  Signal generator 

A calibration method 
for mass production 



Recovered results with & without calibration 
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(±450 ps) [S. Conforti Di Lorenzo et al., 2012] 
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New DAQ system 
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New DAQ system = ASSL TCP/IP + PEDTP 
-  ASSL TCP/IP (Application Specific Super Light TCP/IP Protocol) 
-  PEDTP (Physics Experiment Data Transferring Protocol) 
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Chip Header Data Chip Footer

5 bits 51 bits 8 bits
PARISROC 2 SDU (8 bytes X  64)

Communication over Ethernet 
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Chip header: Chip No. 
Chip Footer: Time stamp or et al.  

Bandwidth test 
FEE èEthernet data logger 
Highest bandwidth: 972 Mbit/s 
 
Observed max. throughput:  
> 80 Mbit/s (ASSL UDP)  
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Application Specific Super Light TCP/IP Protocol  
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•  Internet Protocol Version 4 (IPv4) (RFC 791) 
•  User Datagram Protocol (UDP) (RFC 768) 
•  Transmission Control Protocol (TCP) (RFC 793 et al.) 
•  Support TCP options for High performance network (RFC 1323) 

•  Max segment size (MSS) 
•  Windows Scaling (WS) 
•  Timestamp (TS): not yet 
•  Selective Acknowledgment (SACK): not yet 

•  Scalable 
•  User-defined features for different purposes 
•  Standard program languages (C, C# ...) 
•  Modern Operating System supports TCP/IP (Windows, MAC OS, Linux…) 

Host computer (as client: 192.168.0.5) 

DPFEE FPGA (as server: 192.168.0.25) 

Get Temperature 
Establish connection 

Terminate connection 



TCP establishment & termination 
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“Three-Way Handshake” establishment 

“Four Wave” termination 

Kozierok, The TCP/IP Guide: A Comprehensive, Illustrated Internet Protocols Reference,2005 



TCP data transferring 
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Variables: 
p  Sequence No. 
p  Acknowledgement No. 
p  Unacknowledged No. 
p  Next acknowledged No. 
p  Send Windows Size 
p  Receive Windows Size 
 
Features: 
ü  Reliable delivery 
ü  Flow Control 
ü  Congestion Control 

Kozierok, The TCP/IP Guide: A Comprehensive, Illustrated Internet Protocols Reference,2005 



Physics Experiment Data Transferring Protocol 
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•  Protocol based on ASSL TCP/IP for physics experiments or specific 
application (ROCs from OMEGA) 

•  User-defined protocol 
•  “Message” kind of protocol as HTTP (HyperText Transfer Protocol) 
•  Request commands 

•  “SET”: Set parameters (“/SET SLC /”: setting slow control parameters) 
•  “GET”: Get parameters (“/GET TEMP/”: get temperature sensor data) 
•  “STA”: Start operation  (“/STA ACQU/”: start data acquisition) 
•  “STP”: Stop operation (“/STP ACQU/”: stop data acquisition) 
•  “SND”: Send data to host (“/SND TEMP/”: send temp. data to host) 

Request CMD Data Length Data

10 bytes 2 bytes 0 bytes ~ 1440 bytes

Message structure 

8th France China Particle Physics Laboratory (FCPPL) Workshop  



FPGA Block with new protocol 
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l  FPGA resources occupation: < 10% (XC6SLX150) 



TCP/IP Examples 
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200 ms interval & packet resend 

Immediate acknowledgement: no. 88 to 89: ~16 us; no. 90 to 89: ~182 us 

-  Immediately acknowledgement  
-  1506 bytes per frame 
-  2K Sending Buffer 

Observed max. throughput: ~ 40 Mbit/s  



Performance of the protocol 
•  The performance of TCP/IP protocol are related to: 

•  Quality of connection  
•  Round-trip delay time (RTT) 
•  Packet drop rate 

•  Size of the Packet  
•  Default: 1.5K 
•  Jumbo frame: 9K; 

•   Configuration at both sides (server and client) 
•  Support RFC1323 option 
•  Sending & Receiving window size 
•  Acknowledgement strategy 

•  Immediate acknowledgement 
•  Delayed acknowledgement (RFC1122, Windows XP: 200 ms)   

•  User Application  
•  Resources at both sides 

•  RAMs in FPGA (Send buffer: 2K; Receive buffer: 4K) 
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Conclusions 
•  A new prototype front-end electronics was designed, 

implemented and fabricated to fit the requirements of 
WFCTA. 

•  A new calibration method for mass verification was 
proposed and verified. 

•  It proved that the time measurement of PARISROC 2 could 
reach ~ 260 ps. 

•  Two new communication protocols, which are ASSL TCP/IP 
and PEDTP were proposed, implemented and tested. 

•  The throughout of the protocols are > 80 Mbit/s (ASSL UDP/
IP) and ~ 40 Mbit/s (ASSL TCP/IP) for this version. 

•  The performance of the protocol will be improved in future. 
•  The PARISROC 3 is being fabricated in AMS. The new 

prototype front-end based on it will be ready in July. 
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Thank you  
for your attention! 
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