
Pixel-detector R&D for CLIC 
 
Several silicon pixel-detector technologies are currently 
explored in view of the challenging requirements for the 
CLIC vertex and tracking detectors in terms of high spatial 
resolution (3-7 µm), precise hit timing (10 nanosecond 
binning) and very low material budget (down to 0.2%X0 per 
detection layer). Recent progress includes test-beam and 
simulation results for hybrid thin-sensor assemblies with 
CLICpix2 readout ASICs and for a variety of monolithic 
depleted CMOS sensors.  
 
Hybrid Pixel Detectors with planar sensors 
The CLICpix2 prototype is a readout ASIC designed to meet 
the requirements for the CLIC vertex detector. It features a 
128 × 128 pixel matrix with a total active area of 3.2 mm × 
3.2 mm (Fig. 1, left), implemented in a 65 nm CMOS process. 
The pixel cells with 25 µm × 25 µm pitch include 
simultaneous measurements of the charge and time-of-
arrival. A single-chip small-pitch bump bonding process 
using support wafers and SnAg bumps is currently under 
development. First test assemblies with active-edge planar 
sensors have been tested successfully with the recently 
developed CaRIBOu universal readout system (Fig. 1, right). 

	 	
Figure	1:	CLICpix2	readout	ASIC	with		SnAg	solder	bumps	(left);	
CLICpix2	assembly	in	CaRIBOu	universal	readout	system	(right).	

High-Voltage (HV) CMOS sensors 
CLICpix2 prototypes have been glued to C3PD active pixel 
sensors designed in a commercial 180 nm HV-CMOS 
process, to assess the feasibility of capacitively coupled pixel 
detectors. A cross-section of such an assembly is shown in 
Fig. 2 (top). Test beam measurements yield a temporal 
resolution of 7 ns and spatial resolution of approximately 8 
µm. Simulations of the sensor using TCAD and of the 
capacitive coupling via finite-element analysis have been 
conducted for comparison with the measured test-beam 
performance (Fig. 2, bottom). 

	
Figure	2:	Cross-section	of	capacitively	coupled	pixel	detector	(top);	
Comparison	of	deposited	charge	(bottom	left)	and	cluster	width	in	
column	direction	(bottom	right)	with	different	simulations. 

Prototypes of the ATLASpix fully monolithic sensor with a 
pixel pitch of 30 µm × 300 µm, implemented in the same 180 
nm HV-CMOS process, have been tested in the CLICdp test-
beam telescope in view of the requirements for the CLIC 
tracker. A new version of this chip targeting specifically the 
CLIC tracker requirements is currently under design. 
 
High-Resistivity (HR) CMOS sensors 
The Investigator analogue test chip has been used to evaluate 
the potential of different variants of a monolithic 180 nm HR-
CMOS process in view of the requirements of the CLIC 
tracking detector. The shielded electronics is placed outside 
the very small charge-collection diode, resulting in low noise 
and detection threshold due to the small input capacitance. 
Depletion is achieved by using a high-resistivity substrate. 
Resolutions of 4 µm in space and 5 ns in time have been 
measured for a pitch of 28 µm × 28 µm. The measurements 
are reproduced by simulations performed with the Allpix-
Squared simulation framework, combing TCAD, Geant4 and 
parametric simulations of charge transport and digitisation 
(Fig. 3). The simulations are currently used to optimise the 
design of the fully integrated CLICTD prototype chip with 
segmented macro pixels, targeting the requirements of the 
CLIC tracking detector. Given the excellent achievable 
position resolution, this technology is also of interest for the 
CLIC vertex detector. 

	
Figure	3:	Test-beam	results	for	mean	cluster	size	(left)	and	position	
resolution	(right)	 for	various	detection	thresholds,	compared	with	
Allpix-Squared	simulations. 

Silicon-On-Insulator (SOI) sensors 
Monolithic pixel-sensor prototypes with 30 µm × 30 µm pitch 
have been produced in a 200 nm SOI process. In this approach 
the CMOS electronics is isolated from the fully depleted 
high-resistivity sensor wafer by an insulation oxide layer. 
Test beam results for a sensor with a thickness of 500 µm and 
a pitch of 30 µm × 30 µm show an excellent position 
resolution of about 3 µm over a wide range of bias voltages 
(Fig. 4). A dedicated prototype chip for the CLIC vertex 
detector, CLIPS, has been designed and is currently in 
production. It features nanosecond hit timing and a pixel pitch 
of 20 µm × 20 µm.  

	
Figure	4:	Position	resolution	as	function	of	bias	voltage	for	an	SOI	
pixel-detector	 prototype	 with	 source-follower	 frontend.	 Two	
different	clusterization	methods	are	shown. 
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