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PRINCIPLE OF HGTD
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Measures the arrival time of the particles at 

few tens of ps and allows to measure the 

position of the point of collision with a 

resolution of the order of a millimeter
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INTRODUCTION

 Development of a monolithic timing sensor in a commercial CMOS process

 Potentially cheaper than dedicated hybrid solutions

 Possibility to integrate all functionalities (detection, analog + digital signal processing) on 
the same chip

 The front-end studied is based on a fast preamplifier followed by a leading edge 
discriminator

 Time walk corrections will be done by ToT measurement

 Use of HV HR substrates allows size of depleted region of about 100 m (8ke-)
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Cross section of a typical pixel implemented in LF 150 nm 

HV-CMOS process (not to scale)

Charge collection 

diode (DNW/HR p-

substrate)

In-pixel electronics including NMOS and PMOS transistors

 The process chosen is LFoundry 150nm HV-CMOS

 One of the CMOS processes studied extensively for the 
CMOS option of the ATLAS Inner Tracker Upgrade 
(CCPD_LF, LF-CPIX, LF-MONOPIX1 chips etc.)

 Radiation hardness preliminary tests encouraging for 
ITK application

 Possibility to use HR (~2kΩ.cm) wafers

 Could be thinned and backside processed  (for 
backside polarization, essential for good charge 
collection uniformity)
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LF-CPIX DEMONSTRATOR CHIP
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Layout of LFCPIX (~1cm x 1cm) 

 CPPM, IRFU, Bonn collaboration

 Developed in the frame of ATLAS ITk CMOS demonstrator project

 Process: LFoundry 150nm HVCMOS

 Several pixel flavors (all pixels are FE-I4 readable)

 Very promising preliminary test results:

- Measured breakdown voltage ~230V (good for fast charge collection and radiation 
tolerance)

- Radiation hardness under investigation

- Preliminary test results are globally consistent with the latest transistor models given 
by the foundry (noise, gain etc.)
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STUDIED CSA
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Basically the charge amplifier

implemented in LFCPIX with a

different CS amplifier

CADENCE simulations

Parameter 1.5 pF 1 pF

Rise Time (from 

10% to 90%)

~ 0.9 ns ~ 0.8 ns

Input Referred 

Noise
[estimated from AC 

simulations]

~ 290 e- ~ 220 e-

Jitter
[estimated from tr
/(S/N) ]

~ 67 ps ~ 44 ps

Bias and

feedback currents

are set from outside

by a 6-bit DAC

for fine-tuning

Typical analog pulse at the BL output (@Cdet=1.5pF, 4000e-)
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~1.9ke- (@1pF)

~2.75ke- (@1.5pF)

σ𝑡 ≈
𝑡𝑟
 𝑆 𝑁
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SIMULATION RESULTS (FULL FRONT-END)

Estimation of jitter and dispersion of ToT of the full front-end (@Cdet=1.5pF)
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4K 105.2 ps 513.2 ps

3K 153.2 ps 799.3 ps

2.5K 218.3 ps 1.24 ns

2K 402 ps 1.87 ns
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 The leading edge discriminator is an optimized 
version of the discri. presented in T. Wang et al. 
TWEPP’2107 

 A local 4-bit DAC used for offset tuning

 Source follower output for low-noise [T. Wang 
et al. TWEPP’2107]

 Possibility to enable/disable each pixel

 The digital outputs of one column are summed 
at the bottom of each column and sent to a pad 
(each column has its own pad)

 When a pulse is seen at the pad (also memorized 
inside the hit pixel), the in-pixel registers of all 
pixels will be read-out serially in order to 
identify the address of the hit pixel

 The precise measurements of the pulse will be 
done off-line

Output transient signals for different input signal values (from 1ke- to 200ke-)
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PHYSICS PERFORMANCE ESTIMATION
(USING TRANSIENT NOISE RESULTS OF THE FULL FRONT-END)

Input Landau 

signal height

MPV=8000 e-

Width=1664 e-
Tlead distribution (TW effect)

=226 ps,

No ToT correction

Jitter contribution =54 ps

After ToT correction

No ToT dispersion included

Effect of ToT dispersion

=7 ps

Total jitter =54 ps

After ToT correction

ToT dispersion included

 Global ~54 ps time 

resolution expected 

provided 8000 e-

collected in ~1 ns 
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MONOLITHIC TIMING DEMONSTRATOR CHIP

 Developed mainly at IRFU (Y. Degerli and F. Guilloux)

 Process: LFoundry 150nm HVCMOS

 Architecture based on the LF-CPIX chip 

 Re-use of several parts of LF-CPIX chip with some 
modifications (guard-rings, DACs, global shift register, in-
pixel registers, etc.)

 The main difference is the new fast front-end, the pitch of 
pixels and direct digital outputs

 Each pixel can be enabled/disabled individually

 Most of the pixel parameters (biases etc.) are 
programmable

 Pulse injection circuitry (analog pulse generated locally to 
minimize dispersion)

 12 fast CMOS/LVDS digital outputs (will be decided soon)

 1 HITOR output

 1 fast analog monitoring output with the possibility to 
choose the analog signal of one pixel 

 No on-chip ToT correction (will be done off-line)

 Close to being completed, global simulations and final 
optimizations on-going
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Thank your for your attention!

Thanks to our colleagues from Bonn and CPPM-Marseille HV-CMOS groups! 
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PHYSICS PERFORMANCE ESTIMATION

Input Landau 

Signal height

MPV=4000 e-

Width=832 e-
Tlead distribution (TW effect)

time ; =337 ps,

No ToT correction

Jitter contribution =79 ps

After ToT correction

No ToT dispersion included

Effect of ToT dispersion

=15 ps

Large tails !

Total jitter =81 ps

After ToT correction

ToT dispersion included

 Global ~81 ps time 

resolution expected 

provided 4000 e-

collected in ~1 ns 
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SENTAURUS TCAD SIMULATION
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I(V) curve

-138V

1100fF@100V

Capacity vs Tension curve

Fully depleted 1mm² diode at -100V
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SIMULATION RESULTS (CSA)

 The jitter will depend on the collected signal! 

 More room with 1pF pixel option

~1.9ke-

(@1pF)
~2.75ke-

(@1.5pF)

Connecting The Dots / Intelligent Trackers March 2017

Jitter at the output of CSA as function of input signal (e-)

[estimated from tr/(S/N) ]
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LF-CPIX DEMONSTRATOR CHIP
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PMOS(mean) = 5,7mV

NMOS(mean) = 3,3mV

CMOS(mean) = 2,9mV

PMOS(mean) = 24,4µV/e-

NMOS(mean) = 16,5µV/e-

CMOS(mean) = 15µV/e-

PMOS(mean) = 5,7mV

NMOS(mean) = 3,3mV

CMOS(mean) = 2,9mV
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SIMULATION RESULTS (FULL FRONT-END)

Estimation of jitter and dispersion of ToT of the full front-end

Typical transient noise 

simulations results with 

100 iterations

 AC noise simulations not suitable for the digital part  Transient noise simulations

 Transient noise simulations are very time consuming

 Calculation of σ for the leading edge and ToT

 In this mode, the estimated jitter values are higher than the jitter values estimated from AC simulations 

(~50% higher)

OutBL

Discri Output

Digital Output

(End of Column)
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HV-CMOS SENSOR TECHNOLOGY
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 The process chosen is LFoundry 150nm HV-CMOS

 One of the CMOS processes studied extensively for the CMOS option of the ATLAS Inner Tracker Upgrade 
(CCPD_LF, LF-CPIX, LF-MONOPIX1 chips etc.)

 Radiation hardness preliminary tests encouraging for ITK application

 Possibility to use HR (~2kΩ.cm) wafers

 Could be thinned and backside processed  (for backside polarization, essential for good charge collection 
uniformity)

Cross section of a typical pixel implemented in LF 150 nm 

HV-CMOS process (not to scale)

In-pixel electronics including NMOS and PMOS transistors

Charge collection diode 

(DNW/HR p-substrate)
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FULL FRONT-END (ONE COLUMN)

 The leading edge discriminator is an optimized version of the discri. presented in T. Wang et al. 
TWEPP’2107 

 A local 4-bit DAC used for offset tuning

 Source follower output for low-noise [T. Wang et al. TWEPP’2107]

 Possibility to enable/disable each pixel

 The digital outputs of one column are summed at the bottom of each column and sent to a pad (each 
column has its own pad)

 When a pulse is seen at the pad (also memorized inside the hit pixel), the in-pixel registers of all pixels will 
be read-out serially in order to identify the address of the hit pixel

 The precise measurements of the pulse will be done off-line

Column Architecture
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SIMULATION RESULTS (FULL FRONT-END)

Simulation of TW and ToT for one pixel as function of input signal (e-)

Tlead

Tfall

ToT

TW

ToT/TW



yavuz.degerli@cea.fr

MAIN PIXEL CHARACTERISTICS OF TIMING 

DEMONSTRATOR CHIP
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 The estimated charge is ≥ 8000 e- for 100 µm depletion (the depletion depth should be even higher for ~200V)

 Two pixel sizes have been studied and implemented in the demonstrator (the smaller is a quick stretch of the 
baseline pixel)

 The total detector capacitances have been estimated from Sentaurus TCAD simulations (diode contribution), 
Cadence tools (front-end contribution) and previous prototypes in this process

Parameter 1 mm x 1 mm (baseline) 1 mm x 0.5 mm

Estimated total detection capacitance 1.5 pF 1 pF

Nominal bias current ~ 800 µA ~ 800 µA
(could be reduced)

Static power dissipation (sensitive area) ~145 mW/cm² ~290 mW/cm²

Pixel layout (1mm x 1mm) 

Pixel electronics
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SIMULATION RESULTS (CSA)

1ke-

Output transient signals for different input signal values (from 1ke- to 200ke-)

Connecting The Dots / Intelligent Trackers March 2017

40 ns

200ke-

(~20 MIP)
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CONCLUSIONS & PERSPECTIVES

 A monolithic timing detector chip has been designed in LF 150 nm HVCMOS process and will be submitted to 
fabrication soon (Q1 2017)

 According to simulations, a time resolution ~50 ps is expected for this chip for the 1 mm x 1 mm pixel (to be checked 
by tests!)

 Performance estimations will be done also for the 1 mm x 0.5 mm pixel (~30 % improvement in jitter expected) 

 The test-bench will be prepared during the fabrication period (~5 months)

 The wafers will be post-processed with different thicknesses (100 µm, 200 µm etc.)

Layout of Cactus chip (~1cm x 1cm) 
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PRINCIPLE OF THE HV-CMOS

n-well in p-substrate diode

n-well biasing 

CMOS! e.g. 1st

stage amplifier

depletion zone around 
nwell: charge collected 
by drift

resist~10Ω.cm

An n-well in p-substrate diode, populated with CMOS (first stage 

amplifier or more complex).
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