CEPC Silicon Tracker Progress Report (15)

Qi Yan on behalf of the Silicon Tracker Group
Dec 17, 2024, IHEP



Remaining Ongoing Tasks for the Silicon Tracker
TDR (Highlighted in Blue)

Chapter 5 Silicon Trackers

5.1 Requirements . . . . . . . . .o.o..eeaee e e /
52 Overviewof ITKandOTK . . . .. .. ... ... .......... (a) Joo
5.2.1 Tracker system layout optimization. . . . . .. . ... ........ e
5.2.2  Technology Options and Boundary Conditions . . . ... ... .. |. z
523 OptimizationTools . . . . . . . . .. ... ... ... . e
5.24 LayoutOptimization . . . . ... ... .. ... ........... ...,
5.2.5 Layoutand Performance . ... ................... ...,
5.2.6  SUMMArY . . . . o i e e e e e e e e e e e e e e
5.3 Innersilicontracker ITK) . . .. . .. . .. . .. . e / .
531 CMOSchipR&D. .. ... ... ... ... .. .. ... .. .... / .
53.1.1 HV-CMOSpixelR&D ... .. ... ... ......... / .
5.3.1.1.1  Technology survery for silicon pixel detectors . . . / .
5.3.1.1.2  Development of HVCMOS pixel sensor for CEPC / .
53.1.1.3 COFFEEL . . ... .........0ou..o.. / .
53114 COFFEE2 . ... ............ou..... / .
53.12 CMOSstripR&D . . . ... ... . L / .
532 ITKdesign . . . .o vv i et e e e /
5321 ITKbarreldesign . . . .. ... ............... \/
53.22 I'I‘Kendcapdesign......................./
5.3.23 Backupdesignforthe ITK .................. /
533 Readoutelectronics . . . . . ... ... .. oL / .
5.34 Mechanical and coolingdesign. . . . . .. ... ... ... ... .. / .
53.4.1 Barrellocal support . . . . . .. .. ...t / .
534.1.1 Materials . ... .. ... ..., \/ .
5.34.1.2  Structural characterisation . .. ... .. ... .. / .
5.3.4.1.3  Thermal characterisation . . ........... / .
5.3.42 Endcap local supporti ... ... / .
53420 Materials . .. ... ‘/ .
5.34.2.2  Structural characterisation . ... .. .. (b) z .
5.3.4.2.3 Thermal characterisation . . ... ........ .
535 Prospectsandplan . . ... ... ... ... ... ... ... (C) Z .

5.4 Outer silicon tracker (OTK) With TOF . . . . . . o o oottt e e ‘/ )
541 AC-LGADsensorand ASICR&D . . . . . ...t ovviitt . ‘/ :
5411 AC-LGAD SensorR&D . . . . . ..o oo ‘/ .
54.1.1.1 AC-LGADdevelopmentatIHEP . . . . . ... ............. ‘/ )
5412 ACLGADASICRED . . ..t oiv ittt it ‘/ :
54.12.1 General requirements . . . . . . . . ... .. i e e / .
5.4.1.2.2 Data transmission bandwidth requirements . . . . . . . ... ... ... / .
5.4.123 ASICarchitecture . . . . . . .. .. ... . ... ... / .
5.4.1.2.4  Single-channel readout electronics . . . . ... ... ... . ... ... / .
54.1.25  Prototype . . . . .o i i e e e e e e / .
5.4.1.2.6  Power distribution and grounding . . . . . . .. ... ... L. / .
5.4.1.27 Radiationtolerance . . . . . . . . . . o ou i it i e / .
5.4.1.28  MONitOring . . . . . . e e e e e e e e e e / .
54.1.2.9 Developmentplgnandschedule. . . ... ... ... ......... /
542 OTKdesign. ... ... ... o X - e /
5.4.2.1 OTK barrel dgsig 0 ............................. /
5422 OTK en %gn ................................ /
543 Readoutelge®Qui§s®. . .. . . . ... /
5.4 10ch endboard . . . ... .. ... /
%&2 Concentrator card and power distribution . . . . . . ... ... ... ... ... /
( e 5.43.3 Slow control and monitoring . . . . . . ... ... ..o /
N e 5434 Clockdistribution . . . . . ... ... . ... ... .. . o /
5.44 Mechanical and coolingdesign . . . . . . . . .. ... Lo /
5.4.4.1 Barrellocal sSupport . . . . . . . . ... e /
54411 Materials . ........... ... ... ... .. ... ... Y
54.4.1.2  Structural characterisation . . . . . ... ... ... ... ..., %
54.4.13 Thermal characterisation . . . ... ... ... ............ /
5442 Endcaplocalsupport . . . ... ... ... ... ... /
54421 Materials . . . ... /
5.44.22  Structural characterisation . . ... ... ... ... ..., (d) . z
5.44.2.3 Thermal characterisation . . . .................... o
5.4.5 Prospectsandplan . . . .. ... (e) . Z
5.5 Beambackground estimation . . . . . ... ... L. (f) . z
5.6 Performance . . . . . . . . .. e e e ey (g) A
5.6.1 The global performance of the tracking system . . . .. ... ... ... ........ L
5.6.2 The performance of silicon tracker (barrel) . . . . ... ... ... ........... Z
5.6.3 The performance of the transition zone (barrel+end-cap) . . . ... ... .. ......
5.6.4 The performance of forward tracking (end-cap) . . . . . . .. ... ... ... ... .|. ..




Silicon Tracker Power Cabling Scheme

Original LV 48 V

|

LV dropped to 12 V
(DC-DC)

\ 4
LV dropped to 1.2 /1.8 V (2.5V)
(DC-DC)




Power Rail for ITK Barrel Stave

3: DC-DC:
- Winput1l2V

Power Bus FPC

2: DC-DC:
LV input 48 V
LV output 12 V

Qi Yan, Yihan Zhang, Shoudong
Luo, Xiongbo Yan

Module (14 sensor) FPC

LV output 1.2 V (2.5V)

1: Power Bus:

ITKB1: 7 modules per stave (987 mm)
ITKB2: 10 modules per stave (1,410.4 mm)
ITKB3: 14 modules per stave (1,974.0 mm)

The staves of ITKB2 and ITKB3 use 2 Power
Bus, each serving 5 or 7 modules from one
end.

Power requirement per Power Bus:
5-module: ~60 W
7-module: ~84 W

For the 7 modules, the currents are:
48V:1.75 A
12V (with 2 lanes): 3.5 A

HV input 150 V

LV input 48 V



Power Rail for OTK Barrel Stave

Qi Yan, Yihan Zhang, Shoudong Luo, Xiongbo Yan

One OTK stave consists of 8 ladders (700 mm or 720 3: DC-DC:

mm), with 4 ladders read out in one direction. LV input 12 V
LV output 1.2 V

OTK Voltage Transmission

* The primary low-voltage (LV) input to
the stave is 48 V, which is delivered to
the secondary data aggregation board of
each ladder via the Stave FPC (long FPC).

 The secondary data aggregation board in
each ladder converts the 48 V input to
12 V.

e The converted 12 V LV is then
transmitted to the FPCs of all modules
within the ladder through the Ladder
FPC (short FPC).

Data Link:

2: DC-DC:
LV input 48 V
LV output 12 V

1: Poer Bus:
HV input 200 V Optical fiber
LV input 48 V Multi-layers of FPC

* Data output, clock and commands inputs are transmitted between sensor modules and optical

module on the secondary data aggregation board through the Ladder FPC .
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One OTK Barrel Power Bus for each individual Ladder

* Power consumption: ¥~300 mW/cm?, 224.5 W per Ladder.

* Based on a metal layer of 75 microns in the Power Bus (FPC) and the voltage drop <1V
(power transmission efficiency >98%), the minimum width of the metal layer in Stave
(long) FPC for the farthest ladder (48 V) was determined as follows:

Cu Al

Voltage(V) current (A) Resistance ((2) Length(mm) Thickness(um ) Width(mm) Width(mm)

48V 4.67 0.214 2,480 75 2.7 4.4




Power Rail for OTK Endcap (1/16 Sector)

Total power requirement:

1840 W per sector (300 mW/cm?) _ _
Qi Yan, Yihan Zhang,

Upper Area: D 670 W each Shoudong Luo, Xiongbo Yan
Lower Area: D 500 W

83.6 W ~7A (12 V)

— 512V ->12V rrzw
701 W
Z4%:48V > 12V ¥ B 60.8W
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X — Y

:—:_‘_’?.'—-';‘f‘i“a 42.2 W
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Connector Requirement

Qi Yan, Yihan Zhang, Shoudong Luo, Xiongbo Yan 0.5 mm and 1 mm Pitch FPCIFFC Connectors

FH12 Series

12 V connector between BREEPT i
secondary and primary boards: %
12 mm width for ~6.9A (83 W). < e

MFeatures Rotating one-touch ZIF mechanism
1 i touch ZIF

The one-touch rotating ZIF mechanism is easier U

to operale and works with a light force.
2. Clear tactile click =
A clear tactile click is dzlivered upon the -
successful completion of the mating process h =
3. Supports high density mounting G J"-%

The FH12's one-touch ZIF system requires less
space than a slide locking connector and can be
mounted in the center of the PCB.

4.Top & Bottom Contact and Vertical
Mount type
There are three connection types available: top
contact, bottam contact and a Vertical mount. /45

5.1 mm pitch product [ - o
In addtion to the 0.5 mm pitch connector, we also ( e
cffer a 1 mm picch connector.

6. Reinforced actuator
The FH12S version in 30, 4C, 45, 50, and 53 pin
counts are offered with a reinforced actuator that
provides an extra measure of security against
actuator breakage. 3

7. Supports 0.18 mm thick FPC

The FH12F version connector supports a 0.18
mm thick FPC (+0.05).

Double-sided FPC do not require a stiffener when
used on the connectors.

48V connector with the
same 12 mm width,

24 pins x 0.5 mm pitch:
~4.8 A, 230 W.



OTK Endcap Power Rail: Carbon Fiber Frames
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OTK Endcap Power Rail: Power Buses (FPCs)

Power Bus transmits: HV=200V

and LV =48 V.

0.180 mm thick
25 um copper
(aluminum is also more than sufficient)




OTK Endcap Power Rail: Power Buses on 3 Frames

12 mm width (match with connector:
24 pins x 0.5 mm pitch)

Max length: 1,330 mm

Max power transmission: 4.8 A, 230 W
(more than required) 0




Power Rail for ITK Endcap

1: C.able: 5. DC-DC: Cable
HV input 150 V LV inout 48 V
LV input 48 V P

LV output 12 V

Wire soldering

3: DC-DC:
LV input 12 V
LV output 1.8 V
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Silicon Tracker Power and Cooling Rail Routing Outward

Qi Yan, Quan Ji, Xiongbo Yan | —> [TK cable and pipe
—> OTK cable and pipe

—> |TK & OTK cable and pipe
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Number of Power Cables, Fibers, and Cooling Pipes

Number of power cables Number of Number of

Detector (supply both LV & HV)  optical fibers cooling pipes
ITKB1 44 308 88
ITK Barrel ITKB2 128 640 128
ITKB3 204 1,428 204
ITKE1 128 192 64
ITK Endcap ITKE2 160 288 64
(Strips) ITKE3 320 736 64
ITKE4 256 608 64
OTK Barrel OTKB 440 880 220
OTK Endcap OTKE 544 544 Cooling plate
Total 2,224 5,624

Consolidation of power cables, fibers, and cooling pipes to route outside the CEPC
detector may be considered in the future.
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