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MALTA monolithic Pixel sensors in Tower 180 nm technology

Developed for application 
as tracking sensors at HL-
LHC with pecifications 
suitable for pp-experiments: 

• NIEL radiation hardness 2 
x1015neq/cm2 

• TID radiation hardness 
>100Mrad 

• pixel size <50x50µm2 
• 40 MHz bunch tagging 
• Sensor size ~ 20x20mm2 
• Target ENC noise ~ 10 e-  
• Minimal Threshold ~ 100 e-

MALTA sensor parameters and 
performance 
• Pixel Pitch pixel size 36.4x36.4µm2 
• Matrix size 512 x 512 pixel (MALTA1) and 512 x 224 

pixel (MALTA2) 
• Asynchronous readout architecture to stream all hit 

data to output (trigger-less operation) 
• Sensors data daisy-chain for sensors-to-sensor data 

transmission  
• sensor thickness optimised to application 50µm to 

300µm 
• full efficiency (>98%) 2 x1015neq/cm2  
• time-resolution <2ns 
• minimal threshold after irradiation 120 e-

MALTA = Radiation hard small pixel CMOS sensor for tracking

• Radiation hard MALTA sensor implemented in high volume 
industrial 180nm CMOS process  

• Implant design optimised for high charge collection speed, fast 
signal response and radiation hardness 

• Produced on Epitaxial and Czochralski high-resistivity substrates 

TJ180nm CIS Process 
towards radiation hardness

MALTA  Design
• MALTA sensors implemented into 

beam telescopes

• Can provide MALTA telescopes and/
or MALTA sensors to collaborations 
as reference telescopes or test 
detectors 

• MALTA multi-sensor modules 
assembled to 2-chip and 4-chip 
modules (see poster by F. Dachs) 

Recent MALTA2 test results
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Collection	electrode	
(pixel	center)	

MALTA1 sensor on 
PCB

• Front-end design 
optimised for small 
pixel capacitance and 
radiation hardness 

• analog power 1µW/ 
pixel

MALTA2 FE circuit schematics 

Simulated signal response
Signal 
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Measured ENC and threshold distribution before/after irradiation 

• ENC Noise unirradiated ~ 6 e-  
• Threshold dispersion typically 10% of threshold 
• values doubles with neutron irradiation to 3 x1015neq/cm2 

• non-annealed 100Mrad  increases ENC to 22 e- and threshold 
dispersion to 23 e-  

Unirradiated MALTA 2

3x1015neq/cm2 3Mrad irradiated MALTA 2

• Hits are stored using in-pixel flip-
flops and transmitted 
asynchronously over high-speed 
buses to the end-of-column logic 
(digital periphery)

• No clock distribution over the 
active matrix to reduce power 
consumption and maintain hit-time 
information 
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Y	direction	(down	the	column)	
correction

MALTA	preliminary	
SPS	test-beam	

MALTA2 time resolution in beam tests 

• Time of arrival of leading hit in the cluster w.r.t. 
scintillator reference 

• Included scintillator jitter : 0.5 ns 
• Signal latching at FPGA: 3.125/sqrt(12) = 0.9 ns 

• Timing distribution integrated on full chip after 
correction in X and Y direction: 

• Y correction due to time propagation across the 
column (linear behaviour) 

• X correction compensates for non-uniformities in 
chip response
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Increasing 
threshold

~140e- threshold • Good performance of Cz samples at 
2x1015 n/cm2 

• Modulo the distribution of the substrate 
voltage 

• Expected uniformity at lowest threshold 
setting  

• Cluster size increases with substrate 
voltage  

• Maximum at ~1.9 at 50 V at 120 e-  
• Efficiency better than 98% at 50 V bias at 
120 e-

MALTA2 efficiency and cluster size after irradiation

• Most recent measurements on 
MALTA2 sensors based on 
100/300µm Cz substrates

Outlook: MALTA3 in development 

• New full-size sensor in development: MALTA3 
• based on MALTA2 front-end 
• Improved timing reference pulse and masking 
• Time-stamping of signals on-chip  
• Time-stamping logic @ 1.28GHz 
• Serialized high-speed output 

• Modular 24-column block design to scale to desired sensors 
matrix size

Block diagram of MALTA3

• Annealing 
(24hr@RT) 
reduces ENC 
to 19e- and 
Threshold 
dispersion to 
15e- 

MALTA2 100um thick

unirradiated 

threshold ~170e-

In-time efficiency

Cluster time vs hit position

Time-resolution

Cluster time vs row number
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