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1. R&D Overview

= Clock Distribution (Low radiation)

= High-speed Data Transmission (Radiation harsh env.)
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2. Clock Distribution

¢ Requirement: 5 ps RMS
¢ Dictated by the most timing-stringent sub-system (e.g., DTOF)

| Single-plw?)ton trgnsit tim‘gspread: TTS |

Uelec )2+( UTTS )E—I-( U det )2
VNpE VNpE VNpE

DTOF targeted timing precision 20-30 ps RMS |

] Event reference: ~40 ps |

- 10 ps RMS for clock is adequate
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~ 500 MHz - 40 MHz
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2. Clock Distribution

& Master/Slave, star-distribution
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2. High-speed Data Transmission

Optical
Transmission

¢ Radiation Tolerant Optical + Electrical Links
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2. High-speed Data Transmission

¢ Uplink~ 5 Gbps, Downlink ~ 1 Gbps

Component Num. of Ports Num. Readout Time Data Rate of Payload After L1(GB/s) Expected rate/port
Channels to DAQ Window(ns) 1 /2/3/5(times of background) Gbps

ITK (Silicon) 1.62e9 1000 096 / 181 / 2.67 / 4.37 0.23/0.41/0.61/1.0

ITK (MRWELL) 10552 259 / 453 / 6.48 / 10.37 1.38/2.42/3.46/5.53

PID (DTOF) 6912 108 > 7 100 0.72 / 0.80 / 0.88 / 1.03 0.82/0.91/1.01/1.18
ECAL 8670 32 400 140 / 2.48 / 3.56 / 5.73 0.35/0.62/0.89/1.43
MuUcC 13024+25280 8 600 048 / 069 / 091 / 134 0.48/0.69/0.91/1.34
FWDR 12 .
Uplink ~ 5 Gbps
Total (Max.) 126 7.76 / 12.10 / 16.44 / 25.13 4
Reference, Junfeng Yang, “STCF HLTRI;E 7765 &5
- GBT: Uplink 4.8 Gbps, Downlink 4.8 Gbps
¢ CERN GBT ASICs:
- IpGBT: Uplink 10.24 Gbps (max) , Downlink 2.56 Gbps (max) For configuration
_\ ¢ @ % ‘/4‘5 & #‘,‘ ¥ 'é and control, etc-
) ~
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3. Progress: Clock Distribution

.. Power cycling D® dela
¢ Beyond timing performance: _ 4

#1 416.74ps

Relative phase stability among channels, upon pwr cycling

) #2 416.75ps
« ©0O: phase difference among output channels

- @®: phase difference between input (Syn.) and outputs #3 416.70ps
Max. 0.05ps
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1
_J 1 ESEw !
A I 2MHz : MaX. 1.26p5
\ A N
/\/ 500MHz =~ \o====% SYNC .
o]  Fanout Power cycling @® delay
> FrGaA ~ #2

SMA1008 N #1 737.30ps
heaIH K Master clock module / 4 737.20ps

#3 738.46ps

NEBAZLEAL %S

University of Science and Technology of China

FTCF2025 2025/11/25 9




3. Progress: Clock Distribution
Joined detector beam tests at CERN

----------------

1 Clock Fanout Unit « Clock Fanout Unit:
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3. Progress: High-speed data transmission

¢ ~5 Gbps serializer; 5GHz clock manager (PLL) ; CML/SLVS/LVDS 1/0s

Wire-bonding ASIC Test board
VB AZLL XS
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3. Progress: High-speed data transmission

¢ 4-phase 2.56 GHz output (0/90/180/270) , and divided clocks
¢ Timing performance: -135dBc¢/Hz @1MHz, jitter ~ 0.5 ps (1kHz-10MHz )
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Progress: 5.12 Gbps Serializer

¢ Targeted rate 5.12 Gbps, can be extended to 10.24 Gbps if required.

ASIC Prototype

DBEZEL*XS
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T Vettical #= Ti

@ Math = Analysis

X Utiiies @

Name Status Bits Errors BER BERT Reset RX Pattern
Ungrouped Links
Link 0 5120Gbps  6.266E13  OE0 1.596E-14 PRBS 31-bit v
Evaluation of serial transmission
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3. Progress: Optical Links
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\ 4 x 5 Gbps/ch opLD 4 x 2.56 Gbps/ch opTIA /
Existing opto-modules in 55nm CMOS - New Prototypes

« opLD: 5-10 Gbps/ch (Tx), quad-channel array
« OpTIA: 1- 2.56 Gbps (Rx), quad-channel array
« Updated prototype expected to return in Jan. 2026.

\FEHZLELXS
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3. Progress: Radiation

4 X-ray (160ke\/\, 20mA)
b Y BER
| ~3m I checker

\_ DUT J Oscilloscope
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3. Progress: Radiation

¢ Radiation expected in STCF detector areas

« The highest TID: « The Highest NIEL ~1.7 x
12000Gy/y (ITKM) 1073 (MDC) * Ref : Mi iLiu, Y Pei, Zhujun F “Simulati fb back d STCF”
4300Gy/y (|TKW) « The other parts smaller eference: Mingyi Liu, Yupeng Pei, Zhujun Fang, “Simulation of beam background on
« Meets the requirement for a than 1.x 1011 S
long-term run « NIEL is not quite important Energy spectrum of SEES Neutron distribution
for MDCs (gas chamber) background neutrons (electronic system)
TID distribution in RZ plane [Gy/y] NIEL damage distribution in RZ plane [1 MeV neutron/em %4y T 250’_‘—106 g 3505 1o’
:D 150? ‘'on 2002— : .
10° 100i n ISD; I
’ vomomememe zaggis‘c":?n R Z axis (cm) = S & ° ¢ Neutron-gnergy (Iogi(ev)) B I LY e ‘.;:_ag(iisl (Icrln4?0 1
Max. TID: Not a concern « High neutron flux (~1026 — 1078 n/s)
12 Mrad (10 y) for CMOS ICs « Wide energy spectrum ( MeV - 100s MeV)
. s 40 SEE might be a concern
NACK P YRR
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4. Outlook: Digital Clock Manager

¢ Leveraging deep-submicron CMOS technology
¢ Flexibility of digital implementation (SEE management, design portability, etc. ...)
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4. Outlook: Digital Clock Manager
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4. Summary

¢ Overall: CLDT R&D progressed as planned

¢ CLDT clock distribution: prototypes completed, joined detector beam tests @ CERN

¢ CLDT ASIC and optical modules: prototypes tested or submitted; initial radiation tests

¢ Follow-up tasks planned
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