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

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

the electronic density that will allow  building a coolable, stiff, 
thin endplate.  There were three meetings in 2007.

Th l f t t ( il 31 10 2008)

p g g
the electronic density that will allow  building a coolable, stiff, 
thin endplate.  There were three meetings in 2007.

Th l f t t ( il 31 10 2008)• The proposal for next steps (email 31.10.2008):• The proposal for next steps (email 31.10.2008):

Reverse order today

DAQ issues 
added

y

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

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

electronics (will come back to electronics in a moment):
p g g

electronics (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:p gp g
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LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5, Jan example:p g p
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LCTPC engineering model for LOI 
• “Advanced endcap” meeting#5:
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• “Advanced endcap” meeting#5:p gp g
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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:p g pp g p

5m
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LCTPC engineering model for LOI 

• Endplate electronics power

LCTPC engineering model for LOI 

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

require a separate study).  

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

require a separate study).  q p y

• “Advanced endplate” meetings now continuing to understand 
the electronic density that will allow  building a coolable, stiff, 
thi d l t
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• “Advanced endplate” meetings now continuing to understand 
the electronic density that will allow  building a coolable, stiff, 
thi d l tthin endplate.

• The (sometimes self-contradicting) requirements: 

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

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

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

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

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

( g m m q /g )

• 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” meeting#4, electronics:

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

N.B. ÷ by 3 !!

N.B. 3.3 M !!

19 Jan. 200919 Jan. 2009

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

LOI LOI 1212



LCTPC engineering model for LOI 
• Advanced endcap  electronics on 10 Nov:
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• Advanced endcap  electronics on 10 Nov:pp
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“Considerations on readout plane” (Luciano 10Nov.)

PCB topology and layer stack-up 

8-layer PCB

Digital signals I
gnd

vdd
Digital signals II

gnd

Pad layer
Pad signals routing

det gnd
gnd

Analogue PWR planes

Digital PWR planes

Analogue PWR planes

Chip floorplan 

Flip-chip mounted

amplifiers

ADCs

p p

PCB

Digital Processing
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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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If this is correct, then

PCB topology and layer stack-up 

8-layer PCB

Digital signals I
gnd

vdd
Digital signals II

gnd

Pad layer
Pad signals routing

det gnd
gnd

Digital PWR planes

Chip floorplan 

Flip-chip mounted

Analogue PWR planes

amplifiers

ADCs

Digital Processing

PCB

amplifiers

ADCs

Digital Processing
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Possible module layout
8-layer PCB: 
1 H thi k?

Questions

Possible module layout
thicknesses:
•5?mm PCB+chips
•2mm Al plate

1. How thick?
2. Thermal conduct.

= G10?

•2mm Al plate
•5mm water circuit
•10mm honeycomb

Digital signals I
gnd

vdd
Digital signals II

gnd

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
gnd

flows to water and pads

Chip floorplan O.K.?Al plate
water circuit
Honeycomb for stiffness

~30mm?
amplifiers

ADCs

Digital Processing

PCB

chipsAraldite glue

amplifiers

ADCs

Digital Processing
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Scenario for readout plane
Power consumption

• amplifier 8 mW / channel

• ADC 30 mW / channel
Di it l P 4 W / h l• 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 to be safe

Layout:

• 10 m^2 per endcap

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

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

• 10 W per module
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Scenario for readout plane

10000 pads/module => 156 chips per module
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LCTPC engineering model for LOI 
• “Advanced endcap”  Dan: I am in contact with him about the 

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

module layout on the endcap.  Past examples:
p

module layout on the endcap.  Past examples:
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Arrangements of detectors on the active area of the end cap (2/2)
Trapezoidal shapes assembled in iris shape

A P h b f PADS b d fAnnotations:  Px is the type number of PADS boards or frames

12 sectors (30° each) as super modules are defined

On each, 7 modules are fixed
The sizes of detectors are varying from 180 to 420 mm

P1
P2 P3 P4

P2
P3

By rotation of 15° around the axe, 

P4

y ,
these frames are the same 

Th t t b th b t l 4
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These arrangement seems to be the best as only 4 
different PADS are necessary



Principle for a Super Module equipped with detector 1

Carbon wheelCarbon wheel 
with frames 20x100 mmDetector 1 made 

of 8 mm of 
epoxy or 
sandwich

Frame of the super module made of 10 mm epoxy 
reinforced with 15x40 mm carbon bar

Deformation limit acceptability 
to define

Here is 20 µm / mbar of pressure 
Complete wheel 

with 12 super 
modules
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Principle for the 4 types of Pads plane

Pads plane type 4
Pads plane type 3

Pads plane type 2Pads plane type 1

Pads 6 x 2 mm

515000 pads on 12 
Shape of the connectors 0 8 mm pitch

2 pads rows 
deleted due to the 

dead zone

Questions:
f

super modules 
approx.

(correspond to one 
end plate)

Shape of the connectors 0.8 mm pitch 
100 channels each (85x6)

-Do we let 5 mm of dead area on the detector, 
because then the pads plane is more reduced ?
-Are the pads aligned ? From where ? How is 
managed the radius parameter ?
-Connectors density is a crucial point as it drills 
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y p
a lot the detector (and also perimeter problem 
showed in next slide)  



19 Jan. 200919 Jan. 2009

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

LOI LOI 2424



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

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

LCTPC size:
p p p y

LCTPC size:

LP:

400cm^2

/module

LCTPC layout:

• 10 m^2 per endcapp p

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

• 10 W per module
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Werner Wiedenmann and I will be looking g
into this layout over the next few days and 
trying to make a drawing: does anybodytrying to make a drawing: does anybody 
know of a draftsman who might have a 
couple of days free to give us some help?couple of days free to give us some help?
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