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First of all, what are we talking about
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HVCMOS, HRCMOS, CMOS sensors, MAPS are all different flavours of a device which:

* Integrates the sensing element and the front-end electronics on the same substrate
« Use circuitry designed with Complementary Metal-Oxide-Semiconductor (CMOS) FETs

« Use standard of qusi-standard technology process typically used for commercial
applications
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Motivations
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Monolithic technologies have the potential for providing higher granularity, thinner, intelligent
detectors at lower overall cost:

 Significantly lower material budget

- eliminate the need for bump bonding or other challenging interconnect
methods

- can be thinned to less than 100um
« Smaller pixel size

- not limited by bump bonding
« Lower costs

- can be implemented in standard commercial CMOS technologies.



Hybrid vs. Monolithic
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Hybrid Silicon Detector
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Classic MAPS

P - Substrate
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(slide from T. Hemperek FEE2014 re-adapted)
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Operating principle - HYCMOS example
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Signal, Noise and S/N
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Charge collection studies for MIP
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Capacitance studies 50um Cell
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With guard ring Without guard ring
Pixel capacitance (22 ohm-cm, with gr) Pixel capacitance (22 ohm-cm, no gr)
length (um) 60V 120V length (um) 60V 120V
100 7.42E-14 6.50E-14 100 6.02E-14 5.01E-14
200 1.47E-13 1.29E-13 200 1.16E-13 9.50E-14
400 2.94E-13 2.56E-13 400 2.28E-13 1.85E-13
800 5.87E-13 5.10E-13 800 4,51E-13 3.65E-13
Pixel capacitance 80 ohm-cm, with gr) Pixel capacitance 80 ohm-cm, no gr)
length (um) 60V 120V length (um) 6OV 120v
100 6.34E-14 5.70E-14 100 S Sl
200 1.25E-13 1.12E-13 2100 MY 7.86EC14
400 2.47E-13 2.20E-13 400 1.74E-13 1.50E-13
800 4.92E-13 4.38E-13 800 3.39E-13 2.94E-13




Bulk process options (simple options, n-on-p) universitétﬂ

Charge signal Charge signal

Electronics (full CMOS) Electronics (full CMOS)

p-well

deep p-well
Deep n-well

p-substrate p-substrate

Electronics inside charge collection well Electronics outside charge collection well
» Collection node with large fill factor « Very small sensor capacitance - low power
» Large sensor capacitance (DNW/PW junction!) » Longer drift lengths
= X-talk, noise & speed (power) penalties «  Full CMOS with additional deep-p implant
* Full CMOS with isolation between NW and
DNW

hemperek@uni-bonn.de PIXEL 2016 @ Sestri Levante 10



Hybrid vs. Monolithic
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Choosing the right technology

Choosing the right technology: the following factors
affect largely the design.

Node level (complexity) UMC

Node options (CIS/HVDNW/HWTW)
Foundry support

Process Tunability : TEE
Available materials (resistivity and thus thinning) (st %ETI

LFoundry (‘)

@ Tﬂw_:njall SP—N

austriamicrosystems



General Considerations
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Optimal technology (in my view) must allow:

« Maximum flexibility in circuit elements (full CMOS)

« Fast collection

 Maximum S/N

« Tolerate large absolute N (mitigate interference of circuits on collection node)
« Have simple mechanical assembly

Optimal readout architecture (in my view) must:

« Minimize in pixel circuitry
* Minimize in pixel activity
« Push complex digital activities in the periphery

DS
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Technology considerations
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NWELL NMOS
DIODE TRANSISTOR

PMOS
TRANSISTOR

Sub - Pixel m PW PW m

pMOS section nMOS section
PSUB

PWELL

NWELL

DEEP PWELL

"~ " DEEP n-WELL
Depleted Region

Epitaxial Layer P-

| AMS 0.18 HV LEF 150nm Towerjazz 180nm
HV <100V <120V <5V

HR substrate 1kohm/cm 2kohm/cm 1kohm/cm epi
Full CMOS No (triple well) Yes Yes

Metal Layers 6 7 6

Max Depletion width ~95um@100V ~140um@120V ~25um@5V (~epi layer)
(70um@50V) (70um@25V)

Collection Time Fast (thinned to 70um) Fast (thinned to 70um) Fast (thinned to 25um)

Capacitance 50x50um ~100fF ~150fF ~2fF
educated guess
MIP conversion ~7500e- ~11000e- ~2000e-

Noise required for 150e- 220e" 40e-
S/IN=50
Backside Processing No Yes Yes

Stitching No Yes Yes
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ATLAS Outer Pixels Present prototypes

TowerJazz AMS H180 L Foundry
Two large scale demon- Mu3E + ATLAS Monopix01, LF2 and
stratorg MALTA and (monolithic) Coolpix1
Monopix:

Received Apr. 2017
“Demonstrator size”
50 x 250 pum? pixels
Fast standalone R/O

_  20x20mm and 20x10mm Additional production step

. —isolated PMOS
— Focus on small FF pixel
— Asynchronous matrix e 80 and 200 Ohm.cm

readout (no clock wafers
distribution over the matrix)

— Column Drain Read-Out

* Reticle Size about 21mm x

(based on Monopix) 23mm 10mm
S .
E
o (Monolithic)
H. Pernegger ATLAS |11k week June 2017 15



The kPixM concept for SID:

General characteristics

Amplitude and Timing extraction on N
bunches per train in each pixel (N=1 for
the tracker, N=16 or more for the
calorimeter)

Synchronous (time-variant operation)

Ultra-large Area beyond reticle size
(stitching)

System-on-chip approach (limited 10
required

Platform based design

Sparse readout

Power Pulsing

Calibration per pixel

Temperature monitoring and tracking

Auxiliary Monitoring

Pixel size
Array

Full Size
Max. Signal
Effective ENC
Filtering

S/N
In pix mem.
depth

ADC resolution

DC Power cons.

Power pulsing

kPixM-Trk
40x500 pm?2

200x2400
Stitched 5x5
reticles

1fC
<200e-
LP + CDS
>20

1 bucket

12 bits
~ 20uW/pix
Yes

(A}
b
)

kPixM-Cal
1000x1000 puma2

100x94
Stitched 5x5
reticles

1pC
<1000e-
LP + CDS
>4

16 (64) buckets

12 bits
~ 20uW/pix
Yes

16



The kPixM general architecture:

 Serialize digital data

Encoder /Serializer

LVDS Output Buffer
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Pixel Matrix: fully analog. -
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detector variants \ (0s)oo} (0g)o0t
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- Controls Configuration | . | ' N | M |
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10 cm
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kKPixM phases of operation
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200 ms

- 969 us

369 ns

ILC time structure
Configuration phase:
Global Registers, In pix | | | | | | | | |
: : : /] // //
registers (gain, calib., analog 77 71 17
monitor) 2625 bunches
Use only 4 signals

and a control interface

based on a
SLAC configuration Res -l

LIl _
protocol (SACI) Ao N ”_ _l- 1 Tnn nnn
ROclk ]_ﬂﬂ_[ ”_ﬂ

Use only 3 signals
Res, AQC and ROclk

Idle phase: non vital resources kept in power saving mode

Wake up phase: all resources get ready to run

- Acquisition phase: analog processing in pixels active, no digital activity (balcony in power saving mode)

- Readout phase: matrix SPARSED readout, A/D conversion, data serialization and transmission (non vital pixel analog
blocks in power saving mode)

18



kKPixM-Trk pixel architecture
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kPixM-Cal pixel architecture
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kPixM Test structures
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Technology LFoundry 150nm on high resistivity substrate Active Pixel * Features:
(2kQcm) thinned to 150um (fully depleted with 80V) - Signal injection

pivel - Voltage control for

PMOS section nMOS section Linear Decay Buiffers Test
e e Structures
i i - igh Votoge O speed
READ jon ( ]
p-Substrate

- Linear Decay Tuning
- Buffers Tuning
- Analog buffer

Test Line Pad |

) a0 characterization
— circuits

Run contains:

« Passive Pixels
- 40um x 500um
* Active Pixels
- 8 variants of 40pm x 500um
« Mosfet arrays for
technology characterization




kPixM readout protocol
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Column parallel readout and conversion

* 4 quads read-out independently

* In the first cycle row pointers point at the .

center rows E 2 o o

* The sparse readout logic allow to jump to &5 Bank 1 Bank 2
the first row containing a flag 3 E 1020 1020
* When the row is selected, the columns @

containing a flag are activated and the ADC

at the bottom converts the analog

information .

» The position of the hit is encoded combing ggﬁ o o
row and column numbers &5 Bank 3 Bank 4
* The bunch number, hit position bits and E% 1024x100 1024x100
conversion bits are then stored in the column @

FIFO

* Column FIFOs are then re-buffered in a

global FIFO common to half plane (hpFIFO) —
* Data are then encoded serialized and

shipped out.
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CHESS-2: UCSC-SLAC

H. Grabas UCSC,
P. Caragiulo, C. Tamma SLAC

Substrate resistivity

Substrate high voltage
bias

Pixel size

Number of pixel per strip
Number of strips

Timing resolution

Maximum number of hits
per strip

Maximum number of hits
per 128 strips

Readout speed

20 Q-cm to 1k
Q-cm

-120 V

40 um x 630
Hm

32
128

25 ns
1 + flag

320 MHz

()
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Sl [Sbecs  [Comments

MIP from 1500e" to
4000e-

40% more charge vs
60 V

400 fF det.
Capacitance

Factor ~2
improvement in r-phi
resolution

23



CHESS-2: Architecture and Floorplan

Column Decoder

Matrix
Pointers

Control

Half Logic

Comparator
Latch &
Strip
Encoding

Global
Registers

1apo2ag moy
Buipoou3 1H

19zI[euas

20.160 mm

B Acquisition
B Encoding
B Configuration and Calibration

B Readout




Summary and Conclusions
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* Monolithic technologies have the potential for providing higher granularity, thinner, intelligent detectors
at lower overall cost.

* SLAC is investigating the potential of a Monolithic version of kPix (kPixM) class of devices both for the
tracker and the E-calorimeter:

Amplitude and timing extraction

Synchronous operation with non overlapping phases

Sparse readout

kPixM-Trk is optimized for the tracker. It has pixels of 40umx500um size arranged in a 2400x200
matrix. A position resolution of <14 um is expected, together with a S/N for a single MIP of at least
20.

kPixM-Cal is optimized for the calorimeter and thus for large signal and large number of hits per
train. It has pixels of 2000umx1000um size arranged in a 100x100 matrix. A S/N for a single MIP of
at least 4 is expected.

* Lack of funds doesn’t help much.
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