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LCTPC engineering model for LOI 
• “Advanced endcap” meetings now continuing.

• Next steps (updated):

LCTPC engineering model for LOI 
• “Advanced endcap” meetings now continuing.

• Next steps (updated):
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LCTPC engineering model for LOI 

• Endplate, electronics, power
• This is about “standard” electronics (CMOS pixel-electronics 

require a separate study).  

• “Advanced endplate” meetings now continuing to understand 
the electronic density that will allow  building a coolable, stiff, 
thin endplate.

• The (sometimes self-contradicting) requirements: 

• Number of pads: as many as possible                            
(~10^6 channels per endcap)

• Power to cool: as small as possible                 
0.5mW/channel with power pulsing->big issue!!!
(cooling medium liquid/gas)

• Endplate material: as stiff and as thin (X_0) as possible      
(purpose of the present exercise) 

LCTPC engineering model for LOI 

• Endplate, electronics, power
• This is about “standard” electronics (CMOS pixel-electronics 

require a separate study).  

• “Advanced endplate” meetings now continuing to understand 
the electronic density that will allow  building a coolable, stiff, 
thin endplate.

• The (sometimes self-contradicting) requirements: 

• Number of pads: as many as possible                            
(~10^6 channels per endcap)

• Power to cool: as small as possible                 
0.5mW/channel with power pulsing->big issue!!!
(cooling medium liquid/gas)

• Endplate material: as stiff and as thin (X_0) as possible      
(purpose of the present exercise) 
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LCTPC engineering model for LOI 
• “Advanced endplate” meetings now continuing to understand 

the electronic density that will allow  building a coolable, stiff, 
thin endplate. From meeting #4 10.Nov.2008:

LCTPC engineering model for LOI 
• “Advanced endplate” meetings now continuing to understand 

the electronic density that will allow  building a coolable, stiff, 
thin endplate. From meeting #4 10.Nov.2008:
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LCTPC engineering model for LOI 
• “Advanced endcap” meeting#4, reminder about cooling 

(will come back to electronics in a moment):

LCTPC engineering model for LOI 
• “Advanced endcap” meeting#4, reminder about cooling 

(will come back to electronics in a moment):
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LCTPC engineering model for LOI 
• “Advanced endcap” meeting#4, reminder about cooling daq

(will come back to electronics in a moment):

LCTPC engineering model for LOI 
• “Advanced endcap” meeting#4, reminder about cooling daq

(will come back to electronics in a moment):
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LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5:

LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5:
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LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5:

LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5:
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3.5mSiC
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LCTPC engineering model for LOI 
• Back to: advanced endcap,  electronics discussion on 10 Nov:

LCTPC engineering model for LOI 
• Back to: advanced endcap,  electronics discussion on 10 Nov:
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PCB topology and layer stack-up 

Pad layer
Pad signals routing

det gnd

Digital signals I
gnd

vdd
Digital signals II

gnd

8-layer PCB

“Considerations on readout plane” (Luciano 10Nov.)

Analogue PWR planes

Digital PWR planes

amplifiers

ADCs

Digital Processing

Chip floorplan

Flip-chip mounted

PCB
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More on readout plane

IC Area (die size)

• 1-2 mm2  /channel

• Shaping amplifier 0.2 mm2

• ADC 0.6 mm2 (estimate)

• Digital processor 0.6 mm2     (estimate)

• in the following we consider the case of 1.5mm2 / channel 
• 64 ch / chip   ~ 100 mm2

Area of the chip on the PCB: 14 x 14 mm2 / chip ~ 3 mm2 / pad 

Pads: 64 ch times 1.27mm x 6.3mm pads ~ 8mm2 = 512mm2 of pads/chip
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PCB topology and layer stack-up 

Pad layer
Pad signals routing

det gnd

Digital signals I
gnd

vdd
Digital signals II

gnd

If this is correct (8mm^2 per pad), then

8-layer PCB

amplifiers

ADCs

Digital Processing

Chip floorplan

Flip-chip mounted

PCB

amplifiers

ADCs

Digital Processing

Analogue PWR planes

Digital PWR planes
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Intermediate discussions up to meeting #6a 19Jan.:
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Scenario for readout plane
Power consumption

• amplifier 8 mW / channel

• ADC 30 mW / channel
• Digital Proc 4 mW / channel

• Power regulation and links 10 mW / channel 

• duty cycle: 1%

• average power / channel ~ 0.5 mW / channel

• average power / m2 50 W -> assume 100 W/m2 to be safe

Layout:

• 10 m^2 per endcap

• 0.1 m^2 per module => 100 modules/endcap

• 10000 pads/module=> .08 m^2 pads, .02m^2 “services”

• 10 W per module
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Possible module layout
thicknesses:
•5?mm PCB+chips
•2mm Al plate
•5mm water circuit
•10mm honeycomb
λ/d G10 = 100 W/m^2 ºK 
λ/d Al = 10^5 W/m^2 ºK
-> 80W/m^2 and 20W/m^2) 

flows to water and pads Pad layer
Pad signals routing

det gnd

Digital signals I
gnd

vdd
Digital signals II

gnd

8-layer PCB: 
1. How thick?
2. Thermal conduct.

= G10?

Questions

amplifiers

ADCs

Digital Processing

Chip floorplan O.K.?

PCB

amplifiers

ADCs

Digital Processing

chips
Al plate
Araldite glue

water circuit
Honeycomb for stiffness

~30mm?



11 March. 200911 March. 2009

Ron Settles  MPIRon Settles  MPI--Munich             Munich             
LCTPC advancedLCTPC advanced--endcap for the ILDendcap for the ILD--

LOI LOI 1717

Meeting #6a 19Jan.: Magnus / Luciano



11 March. 200911 March. 2009

Ron Settles  MPIRon Settles  MPI--Munich             Munich             
LCTPC advancedLCTPC advanced--endcap for the ILDendcap for the ILD--

LOI LOI 1818



11 March. 200911 March. 2009

Ron Settles  MPIRon Settles  MPI--Munich             Munich             
LCTPC advancedLCTPC advanced--endcap for the ILDendcap for the ILD--

LOI LOI 1919



11 March. 200911 March. 2009

Ron Settles  MPIRon Settles  MPI--Munich             Munich             
LCTPC advancedLCTPC advanced--endcap for the ILDendcap for the ILD--

LOI LOI 2020

2-rows   (Aleph)                 3-rows (Akira)                  4-rows (Philippe)

General ideas for number 
of sector-rows

(David,Paul,Marc,Michael)
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LCTPC engineering model for LOI 
• “Advanced endcap” Dan: I am in contact with him about the 

module layout on the endcap.  Past examples:

LCTPC engineering model for LOI 
• “Advanced endcap” Dan: I am in contact with him about the 

module layout on the endcap.  Past examples:
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LCTPC engineering model for LOI 
• “Advanced endcap” proposal to Dan, use LP layout and scale to 

LCTPC size:

LCTPC engineering model for LOI 
• “Advanced endcap” proposal to Dan, use LP layout and scale to 

LCTPC size:

LCTPC layout:

• 10 m^2 per endcap

• 0.1 m^2 (1000cm^2) per module => 100 modules per endcap

• 10 W per module

LP:

400cm^2

/module
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Meeting #6a 19Jan.:  David/Paul/Marc
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Meeting #6b 10Feb.:  David/Paul/Marc
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Meeting #7 11Mar. (today).  News from Luciano:
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Back-up slides



11 March. 200911 March. 2009

Ron Settles  MPIRon Settles  MPI--Munich             Munich             
LCTPC advancedLCTPC advanced--endcap for the ILDendcap for the ILD--

LOI LOI 2828



11 March. 200911 March. 2009

Ron Settles  MPIRon Settles  MPI--Munich             Munich             
LCTPC advancedLCTPC advanced--endcap for the ILDendcap for the ILD--

LOI LOI 2929



11 March. 200911 March. 2009

Ron Settles  MPIRon Settles  MPI--Munich             Munich             
LCTPC advancedLCTPC advanced--endcap for the ILDendcap for the ILD--

LOI LOI 3030

LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5, Jan example:
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N.B. 3.3 M !!

N.B. ÷ by 3 !!

LCTPC engineering model for LOI 
• “Advanced endplate” meeting#4, electronics:

LCTPC engineering model for LOI 
• “Advanced endplate” meeting#4, electronics:
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LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5, Dan example:

LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5, Dan example:

5m
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Star and Alice used a similar technique, here is Alice:


