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Talk Outline

New thin 3D pixel sensors on 6” p-type wafers at FBK.
Work carried out within INFN RD_FASE2 and AIDA2020 projects.
Targetted irradiation of Φ = 2x1016 neq/cm2  

(regarding innermost pixel layers in HL-LHC).
Layout compatible with FEI4 (for testing) and RD53 chips.
Similar design layout to CNM 3D sensor prototypes (David’s talk).

A first batch (9 wafers) produced in 2016.
Active thickness (130 µm or 100 µm) / Presence of poly-caps / …

FEI4-compatible sensors of a 130µm-thick wafer  
bump-bonded at Leonardo (previously known as Selex).

Multiple pixel layouts. including:  
{ 250x50 µm2 (2E), 50x50 µm2 (1E), 100x25 µm2 (1E) }  
(but not only).

Tests and Results
Basic characterisation at the Genova lab.
The first test beam of non-irradiated 3 modules in CERN SPS H6A.
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The wafer layout
FE-I4

50x250 (2E) — std.
50x50(1E)
25x100(1E and 2E)
25x500 (1E)

FE-I3
50x50 (1E)
25x100 (1E and 2E) 

PSI46dig
100x150 (2E and 3E) — std.
50x50 (1Eand2E)
50x100, 100x100 (2E and 4E)
50x100, 100x150 (2E and 6E)
25x100(1E and 2E)

FCP
30x100 (1E)

RD53
50x50(1E)
25x100 (1E)
25x100 (2E)

Other test structures
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3D	Pixel	Wafer	Layout	
Final	version	

Many	different	pixel	geometries	and	
pitch	varia?ons:	

•  FE-I4  
–  50 x 250 (2E) std 
–  50 x 50 (1E) 
–  25 x 100 (1E and 2E) 
–  25 x 500 (1E) 

•  FE-I3 
–  50 x 50 (1E) 
–  25 x 100 (1E and 2E) 

•  PSI46dig 
–  100 x 150 (2E and 3E) std 
–  50 x 50 (1E and 2E) 
–  50 x 100, 100 x 100 (2E + 4E) 
–  50 x 100, 100 X 150 (2E + 6E) 
–  25 x 100 (1E and 2E) 

•  FCP 
–  30 x 100 (1E) 

•  RD53 
–  50 x 50 (1E) 
–  25 x 100 (1E) 
–  25 x 100 (2E) +	Test	structures	(strip,	diodes,	etc)	
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W76 - 130 µm thickness, w/ poly-Cap - Sensor Breakdown
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* 9,11,12,13: rejected for either early breakdown or too-large Ileak

Deposition, cutting and assembly of W76 were done at Leonardo.

9 FE-I4 sensors of W76 were delivered in late July. W78 is ongoing.

9 sensors

in total
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Samples for the Test Beam
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3D	Pixel	Wafer	Layout	
Final	version	

Many	different	pixel	geometries	and	
pitch	varia?ons:	

•  FE-I4  
–  50 x 250 (2E) std 
–  50 x 50 (1E) 
–  25 x 100 (1E and 2E) 
–  25 x 500 (1E) 

•  FE-I3 
–  50 x 50 (1E) 
–  25 x 100 (1E and 2E) 

•  PSI46dig 
–  100 x 150 (2E and 3E) std 
–  50 x 50 (1E and 2E) 
–  50 x 100, 100 x 100 (2E + 4E) 
–  50 x 100, 100 X 150 (2E + 6E) 
–  25 x 100 (1E and 2E) 

•  FCP 
–  30 x 100 (1E) 

•  RD53 
–  50 x 50 (1E) 
–  25 x 100 (1E) 
–  25 x 100 (2E) +	Test	structures	(strip,	diodes,	etc)	
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ID Size Sensor Vbd [V] 
after assembly

Basic electric 
qualification

① 25x100 24 N/A

② 25x500 15 N/A

③ 50x250 25 N/A

④ 50x50 15 GOOD

⑤ 50x50 2 Too-low Vbd

⑥ 50x50 12 GOOD

⑦ 25x100 >80 GOOD

⑧ 50x250 12 GOOD

⑩ 50x50 >80 regulator broken

This test beam: used 3 sensors
50×50(1E), 25×100(1E), 50×250(2E)
Bump-bonded by Selex
Non-irradiated

Larger current on some samples observed after 
assembly wrt. wafer measurement, to be investigated. 
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Bump Bonding to FE-I4: Source Scan
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Noise measurements
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Threshold scan with HV-on.

Tuning was successful for the 3 modules in the all tuning targets.

Wrt. 50x250 µm2, 50x50µm2 gives slightly less noises  
while 25x100µm2 slightly more (consistent with each capacitance).
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Test Beam Setup - (CERN SPS H6A, Aconite)

SPS H6A beam line, Aconite telescope.

CIS4-W8-4 (single planar) as the reference.

A tricky mechanical configuration due to the sub-optimal  
shape of the readout boards - needs improvements in the future.

Tilt angle is not very accurately controlled (around 5° in row direction)

Acquired dataset:

2 cycles of HV scan at a fixed tuning (coarse/fine steps)

1 set of tuning variation (threshold, ToT).
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•  Three	3D	Modules	installed	with	
EUDAT	telescope	at	CERN	SPS1	

•  Row	and	column	direc?on	within	3D	
modules	have	shown	in	the	following	
schema?c	with	respect	to	beamline	

•  A	Reference	module	from	MPP	
(Planar)	has	mounted	in	configura?on			

•  Campaign	is	being	held	considering	
sensor	bias	voltage,	Threshold	and	TOT	
variance	with	cosiderable	high	
sta?s?cs.	

•  Data	taken	at	chamber	temparature	
20°C	

TestBeam	Schema,cs	

Beam	line	
direc,on	

Telescope	Planes	
(Front)	

Telescope	Planes	
(Back)	

Module	3	
(50X250)	

Module	2	
(25X100)	

Module	1	
(50X50)	

Ref.	Module	
(Planar)	

Co
lu
m
n	

Row	

Ref. Module

(single planar)
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DUT
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Short notes on data analysis

Sparse readout for 50x50µm2 and 100x25µm2 sensors.  
→ Customly implemented specialised geometry configurations.
Acceptance of 50x50µm2 and 100x25µm2 is approximately 20%.
Constraints on the cluster size:

50x50 µm2: maximum size of 2 in the column direction.
100x25 µm2: maximum size of 2 (1) in the column (row) direction.
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Hit map: zoom of 50x50µm2

Hit map: zoom of 100x25µm2
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HV Scan: Pixel-internal Efficiency

odd/even columns are folded by mirror flipping (same for the following slides).
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HV Scan: Cluster size vs. Position: 250x50µm2

{ inefficient, size=1, size=2 } from top to bottom.

Clear change of efficient region as a function of bias voltage.
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Pixel Hit Map vs. Cluster size — 50x50 (F01-76-06)
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Masked

ROI mask definition for hit efficiency estimation (Tentative)

250x50: unbiased. 

50x50:   hypothetically unbiased. 

100x25: inevitably biased!!
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HV Scan: Hit efficiency (after masking)

250x50µm2: Efficiency is >99% above ~10 V. Ramping up up to ~10 V.

50x50µm2: Keeping almost flat ~98% efficienty in 2 < HV < 15 V. Slight increasing of ~1%.

100x25µm2: shown just for reference. Qualitatively similar trend to 50x50µm2.
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Threshold/ToT Tune Config
1000e/10BC 1500e/10BC 1500e/5BC 2500e/10BC
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Variation of hit efficiency by tuning (after masking)

A reasonable gradual change of efficiency by 1-2% is observed.

100x25µm2: shown just for reference.
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Charge Collection: Cluster Sum ToT Map Profile

Showing simple average for each cell (not doing Landau fitting for each cell).
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Charge Collection: Cluster Sum ToT — HV dependence

Average cluster sum ToT gradually increases as a function of HV.

Somewhat varying by the sensor type.

But also need to take into account the sampled readout for 50x50µm2 and 100x25µm2.

Dispersion of 50x50µm2 does not improve much by masking, and it is larger 
than 250x50µm2.
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pixel-internal uniformity

Calibration point for 10ke

Threshold = 1500e, ToT = 10BC/10ke
Threshold = 1500e, ToT = 10BC/10ke
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Summary

A first batch (9 wafers) produced in 2016

9 modules from W76 (130µm active thickness) were assembled to FEI4 and checked.

IV-curve

FE functionality

Source Scan (bump bonding check)

Selected non-irradiated 3 modules of 50x50µm2 (1E), 100x25µm2 (1E), 250x50µm2 
(1E) are studied with the test beam dataset. 

Preliminary analysis results are given for:

Noise vs. HV

Hit efficiency vs. HV and tuning

Pixel-internal position dependence of efficiency, cluster size, cluster ToT

The first look of the test beam results is generally reasonable wrt. expectation.

Outlook: tests for high-irradiated samples to be carried out (being planned).

18



Hideyuki Oide 2017-02-21

Backup
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New single-sided approach to 3D + Planar Active Edge

Single-sided processes from the face is preferred for thin sensros, esp. for 6-inch wafers.

Thin sensors on support wafer: SiSi or SOI → Substrate qualification

Process Tests:
Ohmic columns/trenches depth > active layer depth (for Vbias)
Junction columns depth < active layer depth (for high Vbd)
Reduction of hole diameters to ~5 µm
Holes filled with poly-Si (at least partially)
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Initial results from new thin 3D Sensors for HL-LHC

Abstract - We report on the first batch of 3D pixel sensors fabricated at FBK (Trento, Italy) in view of the High-Luminosity LHC upgrades. Initial results from tests performed at wafer level highlight remarkably good electrical
characteristics: low leakage current (1 pA/column), intrinsic breakdown voltage larger than 150 V, capacitance of about 50 fF/column. All these values are in good agreement with TCAD simulated predictions, thus
assessing the validity of our design approach. A large variety of pixel sensors compatible with both existing (e.g., ATLAS FEI4 and CMS PSI46) and future (e.g., RD53) read-out chips are present on wafer. All of them were
electrically tested, making use of a temporary metal layer patterned in strips that short rows of pixels together. By doing so, besides selecting functioning devices before bump-bonding and estimating the process yield, it is
possible to obtain a statistically significant distribution of relevant electrical quantities, thus gaining insight into the impact of process-induced defects. We review the most important design and technological aspects, and
report on selected results from the characterization of sensors and test structures.

Sensor Design & Simulation
BumpMetal

Passivation

P - high Ω Si

P ++ Low Ω Si

P + Column

N + Column

Without Poly Cap

With Poly Cap

Oxide

p-spray

� SiSi direct wafer bonded 6” substrate
� Junction column depth ~20 µm away

from low Ω Si
� Ohmic columns penetrate low Ω Si
� Column diameter ~ 5 µm
� Columns partially filled with Poly-Si

New small pitch pixels

Active thickness ~150 µm
N+ Column length ~130 µm

Cross-sectional Schematic Pixel Layouts
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� Bump-pad size remains a critical issue for lower 
pixel-pitch size (i.e. 25X100 µm2)

� Bump-pad over columns also considered within 
this production

� Simulated capacitance ~50fF/column
� Breakdown Voltage greater than 150 V
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Sensor Design & Simulation
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p-spray

� SiSi direct wafer bonded 6” substrate
� Junction column depth ~20 µm away

from low Ω Si
� Ohmic columns penetrate low Ω Si
� Column diameter ~ 5 µm
� Columns partially filled with Poly-Si

New small pitch pixels

Active thickness ~150 µm
N+ Column length ~130 µm

Cross-sectional Schematic Pixel Layouts
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� Bump-pad size remains a critical issue for lower 
pixel-pitch size (i.e. 25X100 µm2)

� Bump-pad over columns also considered within 
this production

� Simulated capacitance ~50fF/column
� Breakdown Voltage greater than 150 V

Pixel Layouts (150 µm thickness, 130 µm n+-column depth)

Two newer pixel dimensions are considered:  
50x50 and 25x100 (2E).

Column diamter of φ=5 µm.

25x100 is challenging for clearance.

Simulation calculates the capacitance is compatible 
with the RD53 specification of 100 fF, and the 
breakdown is high enough.
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Simulated Performances - Signal Efficiency

The signal efficiency depends on the internal position of the pixel;  
qualitatively explained by Ramo’s theorem.
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Quick Output (Last August)
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Hit map — adapted to the customised pixel sizes

Interpreting the pixel 
sensor size properly.

Clustering is also 
accurate to take into 
account of geometries.
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zoom of 50x50

zoom of 100x25


