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Motivation: Cosmic ray test in RPC production

“*Monitor singlets
e used for trigger - "
e 2/3 coincidence P | testsinglets . ...
y / 4 as possible
e the largest size of BIS singlets (Type BIS-1, 6 FE boards width) '

- monitor sing'ets

“»Test singlets
e different types to test = Align with monitor singlets

*»Advantages
e can operate the test singlets easliy
e monitor singlets are very close together — a better triggering rate (try to accept all hit angles)

“*DAQ design goals
e 288 channels

 TDC function with backup chip ——
e or Manchester decoder with baseline chip R _, p; YVVY

e three trigger modes: external/self/master-slave it

FE board

Sigﬁals
SPyder
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Overall signals system

DCT;

Located or directly
on the chamber or
maximum at 3.5m
distance, depending
on the ATLAS sector | Differential

68 pins cables
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board
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20 pins cables
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Read-Out Strip l—\_.
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|—— Power System

Signals “spyder” board

* The Signals “spyder” board is an adaptor
board with 4 connectors.

* Located directly within the service boxes of
the detector

* It couplesin a single 68 pins cable the
signals of 3 FEBs of a readout panel column

Front-end board
* Backup solution
e 20 pins connect with spyder board
16 differential output ( not LVDS )
[1 discriminator OR 1.3LVTTL
3 GND

Low voltage board
* Power supply for FE
« Vth / Vdigital / Vamp / Vpol
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DAQ hardware design

Receive data from FE board
18 FE boards = 144 channels in total.
Integrates 144 channels polarization circuitry. Capable of receiving signals from baseline or backup FE

Xilinx KINTEX UltraScale: XCKU060 ‘”www.emmumev, :
Central processing and control < mpoea
Manchester decoder or TDC

40 MHz LVDS clock output from FPGA.
Split into 2 channels,
then further distributed into 18 channels.

CPLD:XC95144XL
Processes 18 fast_or signals from FE board.

Other
Temperature sensor, SMA, buttons, fan, cascading signals between two boards, and etc.
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Principle diagram in FPGA

“*Input sample part
e Phase shift sampling clock: 500MHz
e 8 bit thermometer code

“*Analysis part
e 8 bit — 3 bit fine count
e Analyze edges — time information

“*Trigger logic
e External/self/master-slave
**Ethernet communication part

e Transfer the data to the total FIFO
e Gigabit Ethernet

CHO input
__| Sample_ 0 H—{ Analysis 0 — r—{ FIFO_O
CH1 input
T Sample_1 H—{ Analysis_.1 — (- FIFO_1
PLL — & o o
L] L] L]
a LJ L
Phase-shift clocks - - .
a L] L
CH144 input
|| sample_144 [ Analysis_144 [~ | FIFO_144
1 [
Trigger Trigger Trigger Trigger
sample analysis logic
|
Input sample Analysis part
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Software design

**Data structure: 64 bits

T

Trigger flag and channel Event number Fine count & coarse count

Software design needs to be
completed before September.

I

Ronet Start Up

1 IO Myt VOO et P e ATV avdla

*»*Software interface R

l‘ Working Mode Tine Interval [ chal ] chnl ] Chnd 1 Chad

v'Select file save location “ Sormi | -m Oows Dows Cowr Cows ||

[ Chat O chnld [ Chall [ Chal2

Time Window Datn Upload

‘/Save bln flle ] Low. thrashold: | e File wize: 50 2320 KB) Ochaly ClChatd O Chals O Chale

High threahold: I na Quantity (Default 1o 1) Clowml? Clcheis Cchatd O Cha20

e Save root flle o | e Clcho2l Clohe22 Clchn2d [ Chad

Mchn M Cha® T Chn27 T Cha®8

Binary to NeXus

e Compatible with Windows and Linux g s ias e
Narning: TDC baocrd 4 data loss. .. Open source !
Warning: TOC baord 4 data loss, .. _—
[Warning: TDC beord 4 data loss...

Warning: TDC baord 4 data loss... , P tian
”‘ [ [ IWarning: TDC baord 4 data loss: .. ' Chooae duﬂ}m&.)m.
‘ I I 1| le I I lOI Il Or Dats upload completed. — —
Steps: na Number of files: |
0 A - _ Time range: 0 - | ns Gonerate
TOCi: 0, 00KB TC2: 0. Q0KB T0C3; 0, D0KB T0C4: 11, 798 Total: 15, 6348
Tines Outi(xlOsl: O Continuous Timeout: 0
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Performance: time resolution

“»Test setup
* Two pulse signals as trigger and stop

@ Width: 21ns Period: 0.05ms
0006 Trigger delay: 400ns Period: 0.2ms
e Standard deviation is the time resolution LSB? 0.2
o= +02,.,+0c%+—

12 4

*»*Test results

All Channels Pulse Width Pulse Width Mean and Std Dev per Channel Leading & Falling Edge per Channel

- <10 " width_all -
€ + Enlries 663120 a - 3
:’; 300+ Mean 2138 ‘E‘ 21,7L 4091 “lags
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F 2 5 3
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- 21t ‘ ‘ 407f 1386
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E a2t [ 406 385
100 = g
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C Y8 RS 01 S O B R B .....,LL,n...‘ £l IO £ i B AP v i i v T 404.5F 383.5
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“*Conclusion: Some channels meet the time resolution requirement, but further optimization is still needed.
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Performance with RPC detector: setup

ch 0- 7

ch 24 -31

HV = 5400V

BIL

ch72- 79

ch 96 -103

e

Trigger System: three scintillators operate in coincidence to generate the external trigger signal.

RPC Configuration utilizes two RPCs:
BIL: standard RPC
BIS: implements eta-eta readout
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. Conclusion: current test results are consistent with expectations, and the
DAQ system can realize TDC function, data taking and transmission.
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Summary and Plan

» Hardware architecture: passed initial validation, no critical issues observed.
»TDC module: key functions verified, optimization in progress.
»Readout system: full-chain testing pending.
» Next step:
Test with multi-DAQ boards

Cosmic ray test in September at BB5
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Back up

* leading and falling

Leading Edge TimeStamp (All Channels)
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Back up

* cluster size

Cluster Size Distribution
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Performance with the signal generator: nonlinearity

*»Test setup

The test setup used two clocks that were not completely independent. A retest is
currently in progress; the previous results are shown below.

Fine Count DML INL
w 018, 1 = [L4F = I
*Testresult .. : 2 2 o
S 046 0.3l
IJME I 0.2
o — 02| 5
0.12| f 0.1]
I 0.1] I
0.1} E [ | o
F 0t :
0.08| : _
: 0.1 o
0.06{ :
004E 0.2} 0.2
omi; |:|3I 0.3

’:’CODC]USiOn S T B B e . M123455?5Fm39 "“123455r9m39
» Secondary contribution to o
* Convenient method: offline modification
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