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1. CLDT Overview

Optical
Transmission

= Clock Distribution (Low radiation)

= High-speed Data Transmission (Radiation harsh env.) i
DAQ : FEE
Master Slaves \ < E f
Beam timin Clock Global Local Clock : FEE
:.aControlgI > Gen::;tor RF clock Rgtlzc;f\:(er'_» leg:(:LljJ)nit tnit(LCU) |i Trigger i /f
\ Multiple LCU / i
Bunch Synchronization ’ :
BESII| x100m ~ 10 ps RMS Master/Slave Custom ASIC on the FEE
CEE x100m ~ 5 ps RMS Master/Slave * Transceiver + Optical Links

Uplink: 5-10 Gbps (5.12 Gbps typ.)

LHC/ATLAS x10 km/x100m ~ 7 ps RMS Encoding... Downlink: 1-2 Gbps (1.28 Gbps typ.)

STCF x100m ~ 5 ps RMS Master/Slave
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2. Clock Distribution

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

| Single-pI‘I)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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o||e||e||O]| |0
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RF clock

Bounch synchronization

2. Clock Distribution

& Master/Slave, star-distribution
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Att 0 de  Meas Time ~21 5 Level Setting High Meas EPGA
1 Noise Spectrum th ] M Crresse
i 100 Hz 1 kHz 10 kHz 100 kHz 1 MHBpot Noise [T 5
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2 Integrated Measurements
1 1 10.000 Hz 10.000 MHz -86.73 dBc 3.73 m°/65.15 prad 858,236 Hz 259.210 fs

*@i’#é-ﬁ#f:k'é PCB Board
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2. 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
« @OQ: phase difference among output channels

- @®: phase difference between input (Syn.) and outputs #3 416.70ps
Max. 0.05ps

| ERUREIER |5 >
| 500MHz ! LMK04610 Fanout | Oscilloscope
LMK04610 : - PLLEH # .
BT RIR ' ' \ ) @ “\ J
]
_ REkkH !
A : 2MHz : MaX. 1-26ps
L} A N
/\/ 500MHz =~ \o====% SYNC .
o]  Fanout Power cycling @® delay
> FrGaA ~ #2

SMA1008 N #1 737.30ps
heaIH K Master clock module / 42 737.20ps

#3 738.46ps
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2. Progress: Clock Distribution
Joined detector beam tests at CERN

F Clock Fanout Unit \I « Clock Fanout Unit:

! . I__40MI-_Iz Global Clock Unit (GCU)

: [ GCU } : o PIDB ] Local Clock Unit (LCU)

: \v H : - Period jitter : 1.8 — 2.5ps (<5 ps RMS)
: LCU #1 LCU #2 :
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3. High-speed Data Transmission

Optical
Transmission

¢ Radiation Tolerant Optical + Electrical Links

DAQ FEE
Slaves
Master
Beam timing | Clock Clock Global _ Loc_al Clock _ FEE
& Control " |Generaton]  gF clock Receiver| C'?g'(‘:b’)n't Unit (LCU) Trigger

Multiple LCU

Bunch Synchronization
Optical Links Electrical Links
Downlinle—1-Gbps cix

Four key R&D techniques: S — | /L t| ree
> Clocking Ontical Linke || = U 3
+ CDR, PLL, Clock management pree e | PSCR+DEC i i S T Up/down |
- Uplink i ;:::j:::: 2 7~i data links |
. SCR+ENC, SER, opLD+LD L AN CLK IR L
- Downlink A i | Manager = s slee—2 FEE
- PD+opTIA, DES, DSCR+DEC ! e -] H
- Data Processor: e-ports, frame builder i T 2l —
I SCR+ENC (€= O |& N5 FEE
: e
e ) e e e e e e e e e e e e e e

V¢ &E#Z2EL XS Uplink: ~5 Gbps
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3. 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 / 267 / 437 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 / 356 / 5.73 0.35/0.62/0.89/1.43
MUC 13024+25280 8 600 048 / 069 / 091 / 1.34 0.48/0.69/0.91/1.34
FWDR 12 .
Uplink ~ 5 Gbps
Total (Max.) 126 7.76 / 1210 / 16.44 / 2513 %
Reference, Junfeng Yang, “STCF HLTRI;E 7765 & 550"
- GBT: Uplink 4.8 Gbps, Downlink 4.8 Gbps
¢ CERN GBT ASICs:
- |pGBT: Uplink 10.24 Gbps (max) , Downlink 2.56 Gbps (max) For configuration
_ -\ ¢ @ % ‘/4‘5 & #‘,‘ ’l» 'é and control, etc
) o
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3. Progress: High-speed data transmission

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

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 )

MultiView Phase Noise -
Signal Frequency 319.9999938 MHz RBW 1% SGL
Signal Level -1.78 dBm XCORR Factor 30
Att 0 dB  Meas Time ~19s5 Level Setting High Meas Phass Noise
1 Noise Spectrum ur6dB -2 |
10 kHz 100 kHz R
-85 dBc/Hz 10994 dibcdtd
113.84 dBc/Hiz|
-90 dBc/Hz T 1703 dﬁ*c‘?‘ﬁz’
-95 dec/Hz 135.74 33%(%‘ ;Z
153.51 dBc/Hz
-100 dBc/H 100 dec
-105 dBc/H 105 dec -
- Lo
L 1 1 1502 P
-115 dBg e Ak f A 115 dec
-120 dBc/H L eara i3 sestites 120 dec -
-12E dBc/H — 25 B A ) )
o SNl Measure P1:period(F1)
b IR _ 4 N
-135 dBc/H iNf\\ 135 dec value 31255 ns
B 4 0 e - 9 NVIN2T no
=+ PN: 1KHz-10MHz: ~500 fs ~ | 31250203 s
-145 dec/Hz—— ° . Pt Lt -
o e gl min 3.1228 ns
-150 dBc/H ) =
ros max 1271 ns
sde 5452 fs
L3 ] . 4o | 30 /| dipo | . oooo | . ogooo [ zmO0 | > J eV ~ 4“ 2 fb
1.0 kHz Frequency Offset 10.0 MHz num I ?? 28‘;’3"":5
. T

lfiatuttis s gt b 2 Integrated Measurements
CEnDEROnDaenk N N
I 1 1 1.000 kHz 10.000 MHz -62.98 dBc 57.48 m°/1.00 mrad 783.422 Hz 498,994 fs I btatu‘h
L v

Clock Manager Phase Noise Period Jitter

FRBZELX S
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Progress: 5.12 Gbps Serializer

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

£ Vertical = Ti @ Math = Analysis X Utiities @

Name Status Bits Errors BER BERT Reset RX Pattern

Ungrouped Links

Link 0 5120Gbps  6.266E13  OE0 1.596E-14 PRBS 31-bit v

ASIC Prototype Evaluation of serial transmission

FRBEZLLXS
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3. Progress: Optical Links
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3 C 3 K J “ € ) \ SEEEERE = Decm{slmg AVSS CH2INN
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= CH4 (NN i ;
CHAINN (g CHAOUT ’ ’
CHAINP | B3 7 1.2V Decoupling 3.3V Decoupli
2| |avss " 1 i
avss (LML . capacitor capacitor
3 -*1900um

\ 4x5 Gbps/ch opD 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

« Results of new prototype: See Guo DI’ s report.

\FEHZLELXS
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3. Progress: Radiation

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

\_ DUT Y Oscilloscope

‘ osrvd for TID up to 100 Mrad

YNE LE 2 ——

2026 B AL EETITS 2026/7/1 15

University of Science and Technology of China



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 on 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’
N W RS 10
10 E 250;— | o
10" 150} ‘'on 200:— ‘
10° 100i n 1502— o |
10’ 3 mnf— - o
- 10; 50} 50; ; 10
BR e e w0 gm0 e T I R S . e T
Neutron energy (log, (eV axis (cm
Max. TID: Not a concern « High neutron flux (~1026 — 1028 n/s)
12 Mrad (10 y) for CMOS ICs « Wide energy spectrum ( MeV - 100s MeV)
. vy SEE might be a concern
\FEBEZLELKS
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4. Outlook: Digital Clock Manager

¢ Leveraging deep-submicron CMOS technology
¢ Flexibility of digital implementation (SEE management, design portability, etc. ...)

I
Signal Frequency 2 574999989 GHz RBW 1 % SGL
Signal Level -2.29 dBm  XCORR Factor 1000
Att 0dB  Meas Time ~62 5 Level Setting High Meas Fhase Mois
1 Moise Spectrum y
| 10 kHz 100 kHz 1 MHz 10 MHz Splot Noise [T1] |
; 1.000 kHz | -81.84 dBcAHz
1D dBe/Hz 10.000 kil= _g8 00 izl
i o 100,000 kHz | -94.36 dBEHz
} el 1.000 MHz  +116.20 dBi/Hz
-90 doe/Hz el =] TOO00 MHz I3, 17 dtdicdfiz]
‘ i = NSNS 100.000 MHz  F14F.16 dBefHz
: Rt N
-100 dBc/Hz \J‘ 100 dec
. 2.56GHz -> 2.575 GHz "™ sl
-110 dBC/Hz - T 110 dpe 4
| i il
120 v N\ p
-130 dBc/)—}Iz '\-'..‘\. 1:30: of c}—
-\"\-\.‘_ i
: g o
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| e
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-160 dBo/Hz 160 dc
. gooo [ o000 [ o000 oooo | 2o [ Zoo0 [ Z000 [ 2000 [ _____zooo |
1.0 kHz Frequency Offset 100.0 MHz

2 Integrated Measurements
[ 1 1 1.000 kHz 100.000 MHz -38.31 dBc 984.45 m?/17.18 mrad 40.710 kHz 1.062 ps
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4. Outlook: Digital Clock Manager

Att 0 dB  Meas Time ~62 s Level Setting High Meas Phase Noise

¢ Clock & Data Recover Signal Feauency 2559959955 e R
Signal Level -8.82 dBm  XCORR Factor 1000
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CLK 1 Noise Spectrum
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[P e e e e e 1 =
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Optical Links : Des |—» DSCR+DEC  |jmu3>) w |5 i | Lovo s t11po0
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i ™y i i
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2 Integrated Measurements.
5_@ 1 1 1.000 kHz  100.000 MHz -40.80 dBc  739.03 m°/12.90 mrad 51.847 kHz 801,894 fs
" Rad-Hard
Feed-Forward Path Proportional v f
DATA | Up Fa 320bps Y
A e’f,aDnder Down 1 serial data ——8 1
320MHz PRBS31 '
I LMKO05318B Full-rate - i
REFCLK PLL Up LvDS : GEN Alexander PD Loop Filter :
PFD  |bown Integral Charge Pumps \ / i - \
I Loop Filter A ! 320bps 1
Up 25MHz i  Serial data 1
4-Quadrant S 1  SEEEEE— !
- i Down ( [
Sampling FD Dco i PRBS31 :
SMA100B ! FPGA CHECK :
\ \ J I
2.56 GHz | \ / b 4
2.56 GHz Q | _cML L5 3 1 - e e
U2 | 320MHz
40 MHz CMOS LVDS
Div-by-64

Feedback Divider
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4. Summary

¢ Overall: Major CLDT R&D tasks progressed as planned
¢ CLDT clock distribution: prototypes completed, joined detector beam tests @ CERN

¢ CLDT ASIC and optical modules: prototypes tested + initial radiation tests
¢ Follow-up tasks planned
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