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Readout Electronics for mRICH Detectors
Modular RICH (mRICH)
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Top and bottom view of SiREAD-based DC
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http://phynp6.phyastr.gsu.edu/eRD14/index.
php/Modular_Ring_Imaging_Cherenkov_De
tector_(mRICH)



SiREAD ASIC

Isar Mostafanezhad, et. al., “SiREAD: A 32 Channel 1 GSa/s Waveform Sampling and Readout System-on-Chip for High Density Detectors”, IEEE NSS/MIC, 2018

 32- channel Waveform Sampling ASIC
 Up to 1 Gigasample/sec
 System-on-Chip with built-in:

 SiPM biasing
 Calibration
 Digitization control
 DSP, etc.

 Triggering Mechanism
 Power optimized and high channel 

Switched Capacitor Array (SCA) based 
sampling

 Digitizing core similar to TARGET ASIC

SiREAD building blocks

SiREAD prototype specifications
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Next version of the electronics 

32-channel SiREAD Pin-wheel config Setup 64-channel HDSoC Setup
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Firmware
FPGA
SP6

Top Bottom

Nathan Park, “Firmware for the Hawaii Muon Beamline Scintillating Tracker 
Planes and Modular RICH Hodoscope”

© Nalu Scientific, Honolulu, HI
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QBLink

Originally developed by: 
Dr. Kurtis & Prof. Varner

Send: ‘3C’
0___

Reset_S

___ 1____
Training_S

___ 2____
Locked_S

If ‘3C’ or 
‘BC’

ByteLink State Machine
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QBLink

Command going out 
from SCROD to DC

Response coming 
from DC
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SCROD

DC



Command Interpreter
Structure of Command Packet

PING Response WRITE Response 

READ Response 

Error Response Error Flags
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https://www.phys.hawaii.edu/~kurtisn/doku.ph
p?id=itop:documentation:data_format

Raw Data Formats for the Imaging Time-of-
Propagation (iTOP) Electronics



Command Interpreter
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DC Control Reg Map

• Configure SiREAD using Control (AFRRVVVV) and Analog Registers (BWMAAVVV)
• Python script to configure and send commands to DC
• Read Register values using ADRR XXXX command
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SiREAD: Software Trigger (C0XXXXXX)
FPGA
SP6
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16-bit Word: HHH, D DDDD, DDDD, DDD 1 [3-bit Header & 12-bit Data & 1]

HHH: 001  (1) => Event Header
010  (2) => Window header
100  (4) => Data
111  (7) => End

Event Header 3 times:
1st: 001, 12-bit TriggerTimeNs, 1 (001 000110010010 1)
2nd:001, 12-bit TriggerTimeNs, 1 (001 111000111110 1)
3rd: 001, 12-bit Event Number, 1 (001 000000001010 1)

Window Header: 
010 5-bit Curr_chan, 6-bit Curr Wind, 1 (0100 0000 0000 000 1) => Ch0 W0 

Data: 100 0 1001 1001 110 1 (Actual Data: 0 1001 1001 110 =1230)
Total 64 such data words (32 for each SiREAD, Alternatively)After 64 data samples:

0100 1000 0000 0001 => Ch16 W0
Ch0 W0 > Ch16 W0 > Ch1 W0 > Ch2 W0 > Ch3 W0 > 
Ch0 W1 > Ch16 W1 > Ch1 W1 >  Ch2 W1 > Ch3 W1

End: 1111 1010 1100 1110 (FACE)

Cmd to select Channels:
From ASIC A: AF0A 000F
From ASIC B: AF0B 0001

SiREAD: Data format
Window(0) Win1 Win2 --- --- --- Win62 Window(63)

32-SAMPLES + 32 Samples? Ch0
Ch1
Ch2
Ch3
Ch0
Ch1
Ch2
Ch3
Ch0
Ch1
Ch2
Ch3
Ch0
Ch1
Ch2
Ch3
Ch0
Ch1
Ch2
Ch3
Ch0
Ch1
Ch2
Ch3
Ch0
Ch1
Ch2
Ch3
Ch0
Ch1
Ch2
Ch3

Ba
nk

6
Ba

nk
7

Su
bch

an
nels

32
-C

ha
nn

el
s

Ba
nk

0
Ba

nk
1

Ba
nk

2
Ba

nk
3

Ba
nk

4
Ba

nk
5

6/21/2021 12



SiREAD A SiREAD A

SiREAD B
SiREAD B

Parsing and debugging of first set of data:
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Sample by sample comparison of data on ILA and parsed data



SiREAD’s First Light
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Sine waves



PMT Test Setup:

6/21/2021 15



Summary
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• SCROD FW
• DC FW
• Software is evolving
• Testing PMT

• More work on PMT, if available !! 
• SiREAD application in aRICH

• HDSoC based readout

Future Activities
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Backup
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QBLink Debugging…
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Troubleshooting

Issues Probable Solution

No Ethernet Connection - Check if all Ethernet module files are 
from the Ethernet repo folder
(Especially Syncbit.vhd file)

- Check power: 6V & 4V

Power Transition Board(TB) should get 6V & 4V
Currently TB-to SCROD Connector’s few 
pins have been taped to avoid TB sending 
extra Voltage to SCROD 

Wrong output response on Terminal - Check Synthesize Properties
- If using cdc ILA, check if all signals are 
under correct clock domain

QbLink not syncing - Modify the clocking module

Any other thing not behaving as expected Check for the ucf file for any incorrect pin 
connections



SiREAD AnalogReadout 
State Machine
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