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Microstrips as semitransparent light detectors

ser tracks can be used by a hardware system to align the tracker
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First implemented by AMS |, then AMS |l and CMS

» Goal of this project is to improve transmittance to infrared light of microstrip detectors
Main constraint are:
— Do not alter the standard production process

— Do not include alien materials
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How to increase %T of a strip detector

« Aluminum strips act like mirrors. If strips are too wide, reflectance will increase too much
— Optimize pitch to strip width ratio
— Use transparent electrodes?

* IR light penetrates 300 um Si. Multiple reflections at the interfaces = Interferences
— Choose thickness of the materials such that light interferes constructively
— Complications come from strips < diffraction grating (pitch~50 um, A~1 um)

» We need to develop a simulation to calculate:
— Transmittance (%T), Reflectance (%R) and Absorptance (%A) for a ustrip detector
— Optimize the design (pitch, strip width, thickness of layers)
— Define prototypes
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Including diffractional effects
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« Diffraction here means that:

— Energy spreads in secondary maxima
— Light spreads off the central beam

Photodetector — Experimentally T=T(distance to detector)
with limited aperture
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Main conclusions from full simulation

See for instance: Eudet-Memo-2009-23

— Strips (having metal or not) behave as a diffraction grating.
Sensors with intermediate strips are more “efficient” gratings = worse as %1 devices

— Pitch reduction (=closer strips):
— decreases transmittance (1° order effect)
— increases reflectance (2™ order).

— Strip width increase:
— increases reflectance (1° order)
— reduces transmittance (2" order).

Si3N4 on SiO2

— Top and bottom passivation layers!” behave as an AntiReflection Coating
Multilayer

Top passivation thickness more critical than bottom.

Si3N4 on SiO2
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http://www.eudet.org/e26/e28/e42441/e69770/EUDET-MEMO-2009-23.pdf%20%20

Validation of full simulation (interference + diffraction)

» Validation of simulation not possible with already existing sensors from Hamamatsu
— No information available on layers and thicknesses

» Therefore we need to validate the simulation with the same sensors we want to optimize

— Flexibility of CNM allows to hold processing after first layer of passivation
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— Observed simulation 2 measurement = Tune simulation
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Wafer 1, measured & fit
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Last steps before the end of the run

* Now, for the last 3 wafers:
— Iterative process: deposit Si N,— measure %T— fit — correct if needed

Eeai_F s i_Ees

S - Si

n+ N+

Current situation To be done on
(18" October 2010) 28™ October 2010
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Wafer 3: Sequential deposition of Si3N4 (using measured thickness)
T=T( top Si N, thickness , bottom Si N, thickness ) for the 12 sensors
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adviced: easier to miss the
maximum than to hit it
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Wafer 3, measu red 1 intermediate strip
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Best top and bottom thickness (wafers 3-5)
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— Thickness of bottom Si3N4 passivation layer does not depend on intermediate strip
— Upper Si3N4 layer is thicker for sensors without intermediate strip
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Conclusions

— Densely populated microstrip silicon sensors can be made >50% transparent
— Transmittance depends more on pitch and less on strip width
— Sensors with intermediate microstrips have lower %T
— Reflectance depends more on strip width
— Overall transmittance defined by the thickness of upper passivation Si N, layer
— Aiming for 55%
— Upper Si3N4 layer is thicker for sensors without intermediate strip

— Run will be finalized in October.

Outlook

— Apply lessons learnt in a new run of highly transparent sensors
— Aiming for >60%

Marcos Fernandez — IFCA
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— Current and future silicon systems need for:

— Conventional monitoring technologies based on
electric relatively bulky transducers with low
multiplexing capability, low granularity, and cooper

readout and powering lines (conductive EM noise
propagation lines).

l. Vila, ILWS ECFA Vertex session, Geneva Oct. 20th 2010
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— Fiber Bragg Grating optical transducer

Sensor grating period A ~ 250 .. 500 nm

Sensor diameter 125 pm
Sensor length 1.. 8 mm

Optical single-mode fibre:
Fibre core diameter 5.. 10 gm

index

7“5 =2 A n_ where A is the period and n_.the effective refraction index

l. Vila, ILWS ECFA Vertex session, Geneva Oct. 20th 2010
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Deformation of a structure can be monitored by embedded FBGs.

Stuck FBG
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_Bragg grating Multiplexing

Optical Large Bandwidth
Spectrum Light source
Analyzer
.1x2 coupler
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» Active Irradiation of FBG sensors
(different coatings and manufacturing
technologies).

\ Buffer/Goating:
——— Polyimide, Aluminum, Geld
Silica Clad
\ Pure Silica Core

« Irradiation campaign at the New
Cyclotron facility of Centro Nacional de
Acceleradores (CSIC) in Sevilla.

* Fibers irradiated with15.5 MeV protons
up to a fluence of 3.3x10™ p/cm? (this
value comes from sLHC)

* Full spectrum periodically stored
during irradiation.

l. Vila, ILWS ECFA Vertex session, Geneva Oct. 20th 2010
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Unirradiated area,
populated with
reference sensors
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— Change of the wavelength before and after
irradiation.

Non-irradiated

Xyz:

x=type of cladding
y=id of the fiber
z=order of the sensor in the y" fiber

SENSOR 111 112 TEMP 021 022 023 024
| before 1543,09147 1556,70164 1579,97002 1530,36627 1540,23824 1550,35274 1560,23057
| After 1543,08417 1556,68547 1579,96555 1530,67244 1540,61578 1550,68497 1560,27519
DI(nm) 0,0073 0,01617 0,00447 -0,30617 -0,37754 -0,33223 -0,04462
SENSOR 211 212 213 214 221 222 223
| before 1530,78032 1534,79001 1538,78534 1542,65345 1546,67373 1550,56059 1554,44931
| After 1530,78833 1534,9268 1538,9554 1542,82597 1546,83117 1550,73343 1554,6216
DI (nm) -0,00801 -0,13679 -0,17006 -0,17252 -0,15744 -0,17284 -0,17229
SENSOR 03 011 012 013 014 05 04
| before 1530,23316 1530,34985 1540,25489 1550,3163 1560,22263 1549,92204 1540,06483
| After 1530,43829 1530,37196 1540,26169 1550,3279 1560,22446 1550,27877 1540,36961
DI (nm) -0,20513 -0,02211 -0,0068 -0,0116 -0,00183 -0,35673 -0,30478

— Change in some fibers (111, 112) comparable to unirradited sensors (ex. TEMP)

o

F
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— Attaching the fiber directly to the sensors
remains parallel R&D line

et g ‘
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o
— Optical Fiber Sensors are a priori an attractive
technology to be used in particle physics
experiments.

— Initial studies focus on reliability and precision
within particle physics hostile environments.

— First results show the extreme radiation hardness
of some FBG sensors as precision displacement
gauges.

— Joint project with Spanish Aerospace Agency
(INTA) and National Center of Microelectronics
(CNM) to carry out the feasibility of a FOS monitor
for future vertex and tracker detectors.

l. Vila, ILWS ECFA Vertex session, Geneva Oct. 20th 2010
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Simplified simulation of pustrips as plane-parallel layers

Intermediate

Y

.
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Transmittance

« Ideal layout: no strips =no diffraction = all energy goes
forward
— Useful to estimate maximum performance (T __ ~75-80%)

» Useful to characterize refraction index of materials and
deposition tolerance (backengineering)
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Wafer 3: Sequential deposition of Si3N4 (using measured thickness)

Bottom Si,N, T=T( top Si N, thickness , bottom Si N, thickness ) for the 12 sensors
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i15_m10: Implant

witdh=15 um, metal width

Intermediate implant each 25 pum
Al each 50 um

10 pum
I No Intermediate implant
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‘|125 m5 \‘ 115 m5 15 m3 | i17.5 m5

‘Sensor 11 | Sensor 12
| i15 m15

115_m10




19.65

mDesign criteria:

" Minimal reaction force in both ends

*Maximal strain/displacement ratio

( displacement resolution)

"The linearity of the response
(ustrain/ displacement)

"An stress bellow the breaking limit of

host material
uStrain uniformity along FBG

ff—

Maximun stragin and stress

range of £500um

Strain (LLe)

O-Shape

503

O

F

Parameters are for a displacement

Max. Stress ( N/m?3)

105.309

Reaction (N)
Sensor

0.255

FBG situation

FBG Simulatad Strain

600
500

//‘

= 400
5 300

//

= 200

e

100

e

—

0.2 0.4

0.6

Displac ement

. Vila, ILWS ECFA Vertex session, Geneva Oct. 20th 2010



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

