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RD50-MPW1

Overview

 MPW in 150 nm HV-CMOS from LFoundry

 Submitted in November 2017, samples just distributed last week

 Designed with PDK LF15A V1.2.0

→ Models to simulate the sensing diodes
→ Proper verification

 Manufactured on wafers with different substrate resistivities:

→ 500 Ω∙cm (40 samples) and 1.9k Ω∙cm (80 samples)

 Motivation: Test the design aspects of the technology and also
implement novel concepts

 Contents:

1) Test structures for TCT/e-TCT

2) Matrix of HV-MAPS pixels with 16-bits counter

26 x 52 pixels
75 µm x 75 µm pixel area

3) Matrix of 40 x 78 HV-MAPS pixels with FE-I3 style RO

40 x 78 pixels
50 µm x 50 µm pixel area

→ In both matrices, the analog and digital RO are embedded inside the sensing area

→ The two matrices are completely independent between them

 DAQ development → See presentation “DAQ development for the characterization of
the RD50 HV-CMOS devices” by Ricardo Marco for RD50 development, also IFAE DAQ
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RD50-MPW1 – Sensor

TCAD simulations

50 µm x 50 µm pixel capacitance

Cadence simulated
(good agreement with TCAD)

Cross-section

 PSUB → Deep p-well layer to isolate RO electronics from DNWELL
 The PSUB/DNWELL junction has a large contribution to the total

capacitance of the sensor (capacitance/area ↑)
 PSUB only covers NWELLs with RO electronics + small (safe) overlap with

neighbouring PWELLs to avoid unwanted currents from DNWELL

(a)
PWELL/PSUB overlap is 0 µm → 

DNWELL/NWELL current flow
(the depletion regions merge)

(b)
PWELL/PSUB overlap is 1 µm → 
DNWELL/NWELL no current flow

(the depletion regions
don’t merge)
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RD50-MPW1 – Pixel schematic

o The analog readout is based on a biasing circuit, CSA, low-pass/high-pass filters and discriminator
 The CSA is a single folded Cascode with pMOS input transistor with programmable discharging current
 The baseline (BL) voltage and low-pass/high-pass filters are adjustable
 The discriminator has a local 4-bit DAC to compensate for offset variations

o The digital readout is based on the FE-I3:
 Two 8-bit DRAM memories that continuously store two time stamps (Leading Edge, Trailing Edge)
 ToT = TE – LE (off-chip)
 One 8-bit ROM memory to store the pixel address
 Electronics (edge detector) to process the output of the discriminator and tell when the LE and TE have to 

be stored

o Pixel receives an 8-bit Gray encoded TS running at 40 MHz
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RD50-MPW1 – Layout

Analog readout
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Digital readout

Post-layout simulation of analog and digital readout
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RD50-MPW1 – Post-layout simulations

TW ≃ 11 ns <ENC> ≃ 115 e–

> 1 ke–, < 20 ke–
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RD50-MPW1 – Test structures

A) TCT/e-TCT/TPA

- 3 x 3 matrix of 50 µm x 50 µm

- HV-CMOS pixels without electronics

B) TCT/e-TCT

- 2 x 3 matrix of 75 µm x 75 µm

- HV-CMOS pixels without electronics

C) Fast measurements (with a laser)

- 3 x 3 matrix of 50 µm x 50 µm

- HV-CMOS pixels

D) Sensor capacitance measurement

- 1 single pixel with 50 µm x 50 µm
- 1 single pixel with 75 µm x 75 µm

E) 1 avalanche photodiode for I-V measurements

A B C D E
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Aims

 Improve the current time resolution of
HV-CMOS sensors (by a factor 10)

 Implement different sensor cross-sections
 Study options to increase the device area

beyond the reticle size limitation
 Measure the sensors performance after

a wide range of fluences

Technology

 150 nm HV-CMOS from LFoundry
 Large area submission (2 cm x 2 cm,

engineering run)

Design effort

 FBK (N. Massari, M. Perenzoni and C. Zhang)
 IFAE (R. Casanova)
 Uni. Barcelona (O. Alonso, +1)
 Uni. Liverpool (S. Powell, E. Vilella and C.

Zhang)
 Uni. Seville (F. Muñoz and R. Palomo)

TCAD simulations + DAQ development

RD50-ENGRUN1

Test structure 1 Simple CMOS capacitors to study oxide thickness

Test structure 2 10 x 10 matrix of very small pixels with passive RO

Test structure 3 10 x 10 matrix of very small pixels with 3T-like RO

Test structure 4 Small matrix of pixels for TCT, e-TCT and TPA-TCT

Test structure 5 Single pixels for sensor capacitance measurements

Test structure 6 …



Eva Vilella – 32nd RD50 Workshop – Hamburg, 4-6 Jun. 20189/16

RD50-ENGRUN1 – Matrix 1
Matrix with analog sampling circuit

 It includes ‘n’ sample & hold circuits that sample the output
voltage of the shaper and store the analog voltages.

 The ‘n’ hold signals (WR0, WR1, …, WRn) are generated with a
chain of delay elements.

 The delay between the ‘n’ hold signals can be tuned externally (i.e.,
1.04 ns@1 V, 1.94 ns@ 1.1V).

 The sample & hold circuits enter the hold mode when there is an
event in the pixel.

 The ‘n’ analog voltages are stored in ‘n’ analog memories based on
MIM capacitances.
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RD50-ENGRUN1 – Matrix 2
Matrix with Time-to-Digital Converter (TDC)

 Leading Edge and Trailing Edge time stamp capture
 TS measured with 2.5 ns accuracy:

- Coarse time measurement (25 ns accuracy) → global time stamp
- Fine time measurement (2.5 ns accuracy) → TDC
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RD50-ENGRUN1 – Matrix 3
Matrix with fast pixels

 See presentation “Design of High-speed Front-ends for HV-MAPS” by
Chenfan Zhang.
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RD50-ENGRUN1 – Matrix 4
Matrix with different sensor cross-sections

 Study and compare pixels with different cross-sections fabricated
on the same HV chip (i.e., low fill-factor vs. high fill-factor).

 TCAD simulations to study sensor performance before fabrication
(plots by B. Doyle, R. Leigh and L. Gonella at Uni. Birmingham).

Un-irradiated Irradiated to 
1E15 neq/cm2

500 Ω·cm
2 kΩ·cm

Low fill-factor

Preliminary
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RD50-ENGRUN1 – Matrix 4
Matrix with different sensor cross-sections

 Study and compare pixels with different cross-sections fabricated
on the same HV chip (i.e., low fill-factor vs. high fill-factor).

 TCAD simulations to study sensor performance before fabrication
(plots by B. Doyle, R. Leigh and L. Gonella at Uni. Birmingham).

Preliminary

4 Result s

4.1 Large fi l l fact or result s

The first schemat ic implemented in TCAD was the large fill factor design, as this was suspected to be

the more promising of the two in terms of radiat ion hardness, which is the main focus of the work done

by the RD50 collaborat ion. The design includes mult iple PWELLS and NWELLS for use by the readout

elect ronics, however as the funct ionality and the e↵ects of the elect ronics are outside the scope of the

work done here, the wells were left empty and the electrical contacts to them were not implemented. For

all the designs, the pixels simulated had dimensions of 50 µm by 50 µm.

Figure 4.1: Cross sect ion of the large fill factor design

The cross-sect ion, which is shown in figure 4.1, consisted of NWELLS and PWELLS to hold the elect ron-

ics, a PSUB layer to isolate the NWELL elect ronics from the collect ion elect rode, while the collect ion

elect rode itself consisted of an NWELL, NISO and a DNWELL layer, which resulted in a junct ion to

the subst rate at a depth of 6.3811 µm. TCAD actually gives results to double digit numbers of decimal

places, so the values have been reduced in length here for readability. The subst rate had a resist ivity

of 2000 ⌦.cm, which was at the high end of what is o↵ered by LFoundry (they also have a 500 ⌦.cm

opt ion). The 2000 ⌦.cm resist ivity equated to a doping concentrat ion of 6.66⇥1012 cm− 3.

-20 V was then applied to the subst rate from the backside of the pixel for the reverse bias. A neg-

at ive high voltage applied to the p-type subst rate was the preferred method of achieving reverse bias in

the large fill factor case, as it kept the high voltage away from the elect ronics. This was important as

in reality if the high voltage was applied to the collect ion elect rode, it would put a large load on the

capacitor protect ing the pre-amplifier, which would not be rated for use up to the voltages that were

applied here. In addit ion to the high voltage, 1.8 V was applied to the NWELL elect ronics, and the

PWELL and collect ing NWELL were connected to GND.

Under these condit ions, it was found that full deplet ion occurs, as the deplet ion region stops just short

of the bot tom of the pixel at a depth of 49.64179 µm. A graph of the space charge showed that a large

di↵erence in the levels of doping between the subst rate and the collect ion elect rode meant the charge

concentrat ion in the bulk was smaller, as it was spread out over a larger area as the deplet ion region

filled the ent irety of the bulk. The elect ric field was 1.17165⇥104 V cm− 1 at the junct ion between the

NWELL and the subst rate, which is where it reaches its maximum value, and correspondingly there was

a high elect ron drift velocity of 6.60282⇥106 cm s− 1.

The voltage applied to the subst rate was then ramped up to -120 V and the IV curve was plot ted, as

8

2 kΩ·cm
Large fill-factor

DNWELL to substrate

PSUB to DNWELL

Pixel capacitance
Un-irradiated

Irradiated to 1E15 neq/cm2
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RD50-ENGRUN1 – Matrix 5 original idea

Motivation

 Increase the device area beyond the reticle size limitation
 We want to know if it is possible to merge the depletion regions of pixels from 2 different samples

Matrix 5

Type B

Matrix 5

Type A

Matrix 5

Type B

Matrix 5

Type A

Area of

interest
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RD50-ENGRUN1 – Matrix 5 new approach

5-A 5-B 5-C 5-D

Matrix with different separations between rows

 Study the effects of dead areas between pixels on the charge
collection efficiency of the sensor 

 This matrix includes a few sub-matrices with different separations
between rows of pixels

 The separations range between a few μm to some hundreds of μm
 Doing TCAD simulations at the moment
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Conclusion

o Generic R&D work to push forward some of the features of HV-CMOS sensors is being done within the 
RD50 collaboration.

o An MPW in the 150 nm HV-CMOS technology from LFoundry S.r.l. (RD50-MPW1) has been designed 
and fabricated to test the design aspects of the technology and also implement novel concepts.

o This chip integrates 2 fully monolithic matrices of HV-MAPS pixels + test structures.
o A DAQ is being developed and measurements will start soon.

o The knowledge gained with RD50-MPW1 is being used to design a large area demonstrator (RD50-
ENGRUN1) in the same technology.

o TCAD simulations are being performed.
o A DAQ is being developed.

o RD50-ENGRUN1 integrates novel detector concepts to improve the time resolution and speed of the 
detector, amongst other features.

o The prototypes will be extensively measured.

Many thanks for your attention!


