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feet (Poco Graphite) were glued to the underside of the carbon
plane. Finally, the HDI was bent through 901 near the connector
end using a thermal bending apparatus that heated the kapton–
copper HDI to 100 1C, in order to permanently form it to match the
cage shape.

4.2. Disks

The wedge support disks are flat sheets of 0.4 mm thick
thermally conductive carbon fiber (K13C2U from Mitsubishi Che-
mical) on both sides of a carbon-loaded PEEK plastic frame. The
PEEK at the outer radius contains a cooling channel, with nylon
hose barb fittings at the ends, which removes heat generated by
the FPHX chips. PEEK buttons maintain the spacing between the
face sheets. Fig. 16 shows an exploded view of a disk assembly.

On both faces of the disks, precision alignment pins are located
along the inner and outer radii, one pair for each wedge which will
be mounted on the disk. These pins match a precision hole and
slot in the graphite feet of the wedges, assuring placement of the
wedges onto the support disk with an accuracy of 25 μm. Wedges
are secured onto the disk with small PEEK screws near each of the
alignment pins.

The silicon sensor on each wedge subtends an angle of 7.51.
Adjacent wedges on a disk overlap in the azimuthal direction by
0.5 mm to give hermetic coverage in the azimuthal direction. Since
the HDI is significantly wider than the silicon sensor, the wedges
must be staggered in z to allow this continuous azimuthal cover-
age by the sensors. This is achieved by mounting wedges on both
sides of the disks, at alternating z positions on each side. The
graphite feet on the back of the wedges come in two varieties so
that wedges can be alternately mounted at 0.9 mm or 4.9 mm
above the surface of the disk. During assembly, the disk was
mounted on the precision mount points into an assembly frame.
The frame allowed one to work on the disk assembly in any
orientation. In addition, aluminum cover sheets could be mounted
on the outside of the assembly frame, turning it into a storage and
transportation box, as shown in Fig. 17.

After each disk was fully populated with wedges, the positions
of the wedges were precisely measured by Hexagon Metrology
using an optical coordinate measuring machine. Fiducial marks,
four on each silicon detector, were measured with an accuracy of
5 μm in the plane of the silicon, relative to the three precision
mounting points on the perimeter of the disk.

Fig. 13. Block diagram of the FEM Interface Board.

Silicon sensor, 320 µm

HDI, 350 µm

Carbon back-
plane, 1.56 mm, 
K13D2U with 
EX1515 resin 

Spacers – POCO 
graphite, AXM-5Q 

Hirose DF18 series 
connector 

Separate ground 
connection point 
for carbon 

FPHX read-out 
chips 

Hirose HFL series mini-coax for bias 

Fig. 14. Exploded view of an FVTX sensor assembly.

Fig. 15. Assembly fixtures in use. At this step, the silicon sensor is being placed
onto the FPHX chipþHDIþbackplane assembly.
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Bench

Input from FPHX 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 2 1 0 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 1

FPHX 
Full ADC

Word 
Mark ROW BCO

Data 
Mark

Output from 
Deserializer

25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 5 4 3 2 1 0 0 2 1 0 6 5 4 3 2 1 0 6 5 4 3 2 1 0 1

Data 
Line Chip ID

FPHX 
Full ADC ROW BCO

Data 
Mark

Output from ROC 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1 0 0 0 0 6 5 4 3 2 1 0 2 1 0 1 1 0 5 4 3 2 1 0 6 5 4 3 2 1 0 1

Full Line Full BCO ADC
Allign
ment

CHIP 
ID ROW

not 
used
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Sensor module

Bus 
ExtenderFPHXFPHXFPHX

FEM

PC

ROC

FEM-IBCLOCK
Distributor

BCO, START

BCO, START

BCO, CLK200M
DATA(20bit)

Fiber
DATA(32bi
t)
DATA(32bi
t)

SC(bit)

NI co-ax 
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USB
SC(bit)

NI-
DI
O

Trigger
Counter

NIM
LOGIC

VME
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