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Silicon sensor study

& some consideration

Taikan Suehara, Hiroki Sumida

(Kyushu University, Japan)



Taikan Suehara, CALICE meeting at MPI, 9 Sep. 2015  page 2

• High-resistivity silicon pads

– Made by Hamamatsu photonics

– 1 sensor per a 6-inch wafer

– 16 x 16 pixels, 5.5 x 5.5 mm size (2nd gen.)

– 320 mm thickness

– Full depletion voltage: < 120 V

• Resistivity not public: ~ 10 kohm cm

– one guard ring (GR) at the edge of sensors

Sensor of ILD SiECAL tech. proto.
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Main & baby sensors

unusable

3x3 baby

4x4 baby

main sensor

Baby sensors

are useful

to study basic

characteristics

of sensors
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Guard ring studies (reminder)

No guard ring – I/V meas.

Guard ring causes square event – try no guard ring design

One guard ring – I/V meas.

• No critical change in I/V characteristics and breakdown V

• Square events suppressed in 0 GR with laser study

 0 GR preferred, to be tested in testbeam & radiation damage
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New (higher) resistivity
Two batches of Hamamatsu sensors

C-V curve: saturation V differs

Currently only

higher resistivity

is available

from Hamamatsu



Taikan Suehara, CALICE meeting at MPI, 9 Sep. 2015  page 6

Our photomasks and productions

Photomask Mask A Mask B

Main sensor 1 GR, 5.5mm,16x16 0 GR, 5.5mm, 16x16

Baby sensor Solid electrode, 0/1/2/4 GR Meshed electrode, 0/1 GR

(Photomask costs 20-30 k$, sensor 1-2 k$)

Production 2011 2013 2015A 2015B

Mask A B A A

(GR of main) 1 GR 0 GR 1 GR 1 GR

(baby) solid meshed solid solid

Thickness 320 mm 320 mm 320 mm 500 mm

Resistivity lower higher higher higher

# sensor ~16? ~16? 5 5

Newly arrived!
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Measurement system updated
picoammeter

constant temp./hum. box

Leakage current from part of sensor can be measured

20 degree C, 50% humidity
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I/V curve at the edge pixels

320, B

500, B

320, C
500, C

Cut size B is preferred; 500 mm is OK with cut size B

Preliminary



Taikan Suehara, CALICE meeting at MPI, 9 Sep. 2015  page 9

Compared with lower R sensor

320, B

500, B

320, C

500, C

Preliminary

320, B

320, C

Old sensor

with lower resistivity

Slightly lower leakage current seen in new sensor

(breakdown voltage lower, but this has sample dependence)
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I/V curve at the center pixels

320, B

500, B

320, C

500, C

500 mm have ~3 times higher current, no difference on B/C

Preliminary
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Statistics

320, B

500, B

320, C

500, C
Preliminary
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Low voltage positive bias
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Low voltage – band gap energy

Preliminary
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C/V measurement (main chip)

320

500

320

500

Very preliminary

Full depletion: ~ 40 V in 320 mm, ~ 80 V in 500 mm

Some doubt in the absolute value: still need to be checked
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Appendix:

Consideration of

hexagonal sensor
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Calculation in 6-inch wafer

Square

Max. 9.8x9.8 cm2

Area = 96.04 cm2

Hexagon

Max. 6.9 cm each edge

Area = 123.69 cm2

(28.8% larger than square)

28.8% more area per wafer  22.4% less wafers needed
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Integration (A)

23.9 cm

20.7 cm / unit

3 masks: middle, upper/lower, edge(center + upper/lower)

assuming 6.9 cm side length



Taikan Suehara, CALICE meeting at MPI, 9 Sep. 2015  page 18

Integration (B)

23.9 cm

20.7 cm / unit

3 masks: middle, upper/lower, left/right

assuming 6.9 cm side length

CMS

HGCAL

design

more cutting

in center, but

simpler end

region
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• Triangular pixels

Pixels

Good symmetry, but steep angle of pixels
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• In hexagonal sensors we need several types of 

wafers. This may create additional cost.

(seems negligible, but should check)

• Jigzag-shaped PCB is needed in integration (A).

Interconnection may be inclined.

• The length of long-slab is slightly different

layer by layer. May need tens of patterns at the 

end. (Common in square, but seems more difficult)

• Number of edge is not uniform throughout slabs, 

need small adjustment of pixel size.

• Non-square pixels need investigation of both 

simulation (PFA) and basic characteristics.

Issues to identify
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• New sensor

– 500 mm wafer seems feasible for ILD SiECAL,

cut size B is preferred

• Hexagonal sensor

– 22% reduction of the cost is not negligible,

need to establish realistic design and compare

with square sensor

Summary for all

Preliminary


