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» ER1: MOSS and MOST (timing prototype)
= MOST: Architecture and Design
» Design Challenges

Next generation (ER2 Submission)
» MOSAIX (Alice/ITS3 upgrade)
* Readout Link



Introduction

U Chip size is traditionally limited by
CMOS manufacturing (“reticle
size”)

= Typical sizes of few cm”2

= modules are tiled with chips
connected to a flexible printed circuit
board

UWafer-scale sensors: stitching

= New option: stitching, i.e. aligned
exposures of a reticle to produce
larger circuits

= wafer-size chip

Joao de Melo

Principle of photolithography

Monolithic Stitched Sensor

Alice/ITS2

Motivation: Reduction of
the material budget

Challenges: Power supply,
cooling, and design/yield



ER1 Submission

Design Reticle

I - —
@@Elf—»%shu
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ULearn and prove stitching 00 H
QTwo large stitched sensor ; %g ]
chips (MOSS, MOST) sjug=
QDifferent approaches for HEH| s
resilience to manufacturing u o e
faults

LSmall test chips (Pixel
Prototypes)
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Monolithic Stitched Timing Prototype (MOST)

_ o 230mm | ||n || Top endcap
dAIm of the MOST submission: v
» Investigate power and signals on wafer scale chip
=
= Higher granularity in power gating in case of a defect of Repeating stitch
= analog (rows of 4 pixels)
= digital (half columns)
» Explore low power asynchronous serial readout solutions . ]
» Immediate transfer of hit data to the periphery (no strobing). /;?/
= Explore long line (several cm range) transmissions timing Tl &
and power performance
25.5 mm =
1.5 mm “(ls Bottom endcap
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Monolithic Stitched Timing Prototype (MOST)

AMOST High-Level Architecture

stitch line
" & & &8 ®
stitch lini
stitch lin

352 " .
i . STC[i+1] - BOTTOM ENDCAP

TOP ENDCAP . STC[i] |
T Li
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g E a lm_ Bl = =
g|s MO M1 A M2 M3 MO 64 cols 2 e
; E & lm A L
f# e E ool -
BIAS
] s p - F | 1]
GENERATTONTIN digital pulsing " { ........... I B

stitched backbone ]

SBB: stitched backbone
Mx : pixel submaitrix
DP: digital pulsing

SCU: slow control unit
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Monolithic Stitched Timing Prototype (MOST)

dMatrix in more details

0123
L1 -
global lines
5 en o
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) ring osc global line 1
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> pixel group w2
i 5 Front s 2
2 0 | end [ ,
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fixed addr bits 0
...... . ! Matrix (zoom) layout
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line
- buffer :
- J
+
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Monolithic Stitched Timing Prototype (MOST)

ATOP Periphery
= Column Address Generator / Pulsing (test the 25 cm lines)

PAD

PLS COL<0> COL<63>

LS ABCD<0>
LS ABCD<1>

LS _ABCD<2> | |

JUOU |||

D— circuit

vCOo

SHIFT REG

O —

L]
addr_bits<15:0>

PULSE

c
[72]

®

w "
_,j ’
G

w

o %

A

v

digital_pulsing_out v v v v cslos

from the matrix
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Monolithic Stitched Timing Prototype (MOST)

TOP
ENDCAP

b
rd

Digital pulsing & readout

= Atest pulse can be fed at the bottom
and travels across the full chip to the
top and then back

* Fired pixels send their address to the
bottom
= Bitstream of 1Gbps (programable)

= There are 256 of these lines on MOST
(4 per column)

» Buffered several times along chip

STITCH (x10)

BOTTOM
ENDCAP
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Monolithic Stitched Timing Prototype (MOST)

_ PIXEL MATRIX
dBottom Periphery F X X R
» Peripheral circuits for encoding and merging the FA XX
global columns: As As A4
= Append column ID to the serial address GTORGTH GT63
| . Y V¥ \ 4
» 64 x4 =256 lines to be merged into 4 output channels _ O—o
= Digital Pulsing Selector | COIIU"'" S | EE
= Off-chip transmission: > L0 Lt L2ss B0
= 4 x CML Drivers s vy Y
= OR
& v 256 to 4 v
N
[—o
4 x CML Driver [1—o
[}—o
YY YY YV YY
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Monolithic Stitched Timing Prototype (MOST)

dBottom Periphery: Column Encoding Circuitry (256 units)

=

Pixel address

—
TLxxxxJL

‘ Column address

generator

Pixel + column

DATA OUT,

address
A
r 3\ —
JL xx TLITxxxxJL
>
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®
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Monolithic Stitched Timing Prototype (MOST)

Bottom Periphery: Off-Chip Transmission
= 4 x CML Drivers (with adjustable BIAS)

» Single-ended-to-differential converter
= Capacitive pre-emphasis
= BW upto 2GHz

QUT_P OQUT_N
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Monolithic Stitched Timing Prototype (MOST)

dBottom Periphery 1.35 x 0.55 mm
O Analog/Custom Layout

e iats ) e mandaera s dntnds et ndatate

CML Driver layout
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ER1 Dicing and Test System
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Measurement Results (MOST)

—— 0UT[0] - R
— ot o N\
: o —— Discriminated Signal Ak
dPulsing & Readout J’
= All 256 readout lines work across the 57,
full length of the chip/across all E j | k]ﬁt B - [}ﬁ:
stitches : | J Il LM N
» Decoding of pixel addresses work ooy L LA A P el L R Pt
nIC6|y o 50 100 150 Ting?ns) 250 300 350 400

= Chip is functional, including front
ends, sometimes pixel address is only
transmitted partially

» Detailed tests ongoing, also on
behavior of pixels adjacent to powered
down pixels
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Monolithic Stitched Timing Prototype (MOST)

dWafer-scale MAPS offer a unique possibility to build ultra-light,
highly granular detectors

Design Challenges
O Metal spacing and width for yield (DFM)

O Minimum channel length and space between devices for yield
L Readout due to a large area of pixels/information

L Power supply routing to minimize voltage drops

= Power supply regulation?

U BIAS generation and distribution (voltage vs current)

Joao de Melo Monolithic Stitched Sensor
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MOSAIX (ER2) - Sensor Dimensions

Wafer scale sensor design using
the stitching technique

dProcess: TPSCo 65 nm CMOS
Imaging Sensors(customized)

// A side - side

R (azimuthal direction)
folded around beam-pipe

' % 2 E ..... ===}
*
I
Layer 0: 3 segments | 21 666 |
Layer 1: 4 segments |1\ Z-axis (equatorial direction) i
Layer 2: 5 segments || \\ beam length )
| - - 259,992 ek -]
Repeated )
Sensor Unit [ las O e s

Alice/ITS3 (RSU) L NN - — 266,992 — ” -
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MOSAIX (ER2) - Top Integration Diagram

SUPPLIES ———
I|/Os +—

SUPPLIES ———

I/Os

SUPPLIES —» |
[/Os +——

Alice/ITS3 W
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LEC R§! ] 12x REPEATED SENSOR UNIT REC
i | e
| [PxEi002s - o ? == I ! [T
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TRANSMITTERS R M g " — I Er—
{——a5mm——> 21.666 mm

Figure 3.34: Block diagram of the sensor segment.
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ER2 Stitched Sensor (MOSAIX)

[ 12 stitches, 6 Domains/Stitch, 4 Regions/Domain
21.666 mm
W |y ‘ ] 2 10.833 mm N 4
¢ o § ::E:E: e m Top Half Sensor Unit ﬁ'?z] . % & 0,080 3.571 mm 0,020
E & ||f 3| 8 a4 [ __BasmG BIASING BIASING [T swswa BIASING | BIASING
e 2 SIHIE: £
2 & |[5 "‘“r °1 I = TILE TILE TILE TILE TILE TILE
lL - § 22:2: 1bGET J:1 Bottom Half Sensor Unit ﬁ‘g : E “
(——1. — 2 2 2 gl 2 g g 2
21666 mm g PIXEL E PIXEL 8 PIXEL g B PIXEL % PIXEL 8 PIXEL E
E g ARRAY - ARRAY E ARRAY g ARRAY 8 ARRAY E ARRAY
. N § : 1H : : :
DFIII factor ~93% o :ll‘ EEEEEEEEEEEEEEENEEEEEEEENEENEENENEEENEEEEEEEEER IIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIIIIII:
0 Depending on ER2 results, optional : 5 :
removal of test pads for final design ) T - :
. ’ :E | | n
would provide ~95.5% | a8 s e - :
’ 5 °
’
|
’
‘/

= Redout Link @ 160Mb/s
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Front-End and Biasing

UEvolution path
0 DPTS -> MOSS -> MOSAIX
v Improving transistor sizing and new layout

Unit Biasing (per Tile)

Array o blasing =t 10 I 3 A [E "
abong e e
_w---i
1B 7-bit DAC “:"'. 1B1AS 7-bit DAC 'f?." IRESET 7-bit DAC (+1) IRESET Mirroring + 5Fs ww | ||
S2ym I-g»-IH.t DAC ||V 4-bit DAC WCASHE S-bit voltage DAC
Bandgap + T-sensor
WH S-bit voltage DAC W& T-bit DAC

Jodo de Melo

AVDD
IRESET M5
WRCAS ME

oo

suB

M2

VCASE |_|: M7

M4
OUTA

VCASN |—|: ME

IBIASN .—l Ma

:

Alice/ITS3

Specification Value Comment

Current consumption < 30nA IBIAS + discriminator standby current
Dynamic energy (@ 600 ) < 10pd No hard spec. as negligible wrt total power
Nominal threshold = 150 ¢ i of MIP

Equivalent Noise Charge < 18e

Threshold mismatch < 18e

Gain (@ threshold) =>400pV/ie  Simulated avoiding discriminator kick-back
Phase margin______________ >45 _____

Fime of Arrival < 1ps H

'l'_l‘in_lg over Threshold (@ 600¢) < 1ms ___1For lost hit probability < 1%

Threshold sensitivity vs <2e/mV  Supply drop on AVDD and AVSS

supply drop

Detection efficiency = 09%

Table 3.5: Analog front-end characteristics.

Monolithic Stitched Sensor
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Power Domains, Currents and IR Drops

T i £ : y Supply purpose Nets Voltage [V] Current [mA] Pads on LEC  Pads on REC
B oS ol i 2 B 202 % 2.2 2 22 £ 2 Services SDVDD-SDVSS  1.2t0 132 227 Yes Yes
Bt P U N, 7T P P S T e e A I gy e Global analog  GAVDD-GAVSS 1.2 to 1.32 540 Yes Yes
: Global digital GDVDD-GDVSS 1.2 to 1.32 1369 Yes Yes
VIL|\ Y V¥ v VvV VNV vV \V \ \ VDD Y 5 v % =5 \Jj_,;,"u" Serializers TXVDD-TXVSS 1.8 200 Yes No
T_]—h' 7 R Ly o] f e e iy S WM ) i A o A l_lj' Substrate bias ~ PSUB ~12t0 0
_—._' .
z Alice/ITS3

dOn-chip LDOs?

» |ncreases complexity and power dissipation

UEstimates of IR drops
= Simple model, one global domain
= Assuming new metal stack (tick metal)

Supply level [V]
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9.782 mm

Data Readout / SBB

U Differential transmission scheme with low voltage swing

= Power efficiency, immunity to supply noise, reduction of noise injection into
sensing analog nodes

r f, SBB
I
I — J.OGO
EI I BIASING
4 I TILE
111
(I
gl
oL~
N
I g
| 3|
Bl
sgiy
1 i m—
i

Joao de Melo

| rowenRsaToes

10.833 mm

357" mm

BIASING

TILE

PIXEL
ARRAY

— 1 SBB
21£6mm
U
~ 0.020 I I
BIASNG I I BASING
e | I Tie
o
Lo
Ll 1 !
i 8 o
PIXEL | i | Pixe g
ARRAY £ Q ARRAY 3
e =
| HE :
(=]
- ]
1 L]
—— ,I I
Briemiememm L 3 I_
e M
uan.\suwznvétwl B Iu DOUT PERPVER
PADS AND DICING LANE PAOS AND DICING LANE
— J

BIASING
2
%
-
PIXEL P
ARRAY g
&«
=
g
T e
READGUT PERPrERT T READOUT PERBVIERY
PADS AND DIONG LANE PADS AND DICING LANE

Monolithic Stitched Sensor

e

f
s
Pixel <<=
:
L=

1
LS R SR8

Shield (GDVSS)

vp

Shield (GDVSS)

Pixel

U Parasitic extraction (PEX)

R=16 Ohm/mm (22 Ohm worst)

C=0.24 pF/mm (0.3 pF worst)
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Line Model and AC Analysis

AC Response Wed Jan 17 16:12:21 2024

R e |

3MHz -3.0dB

~~ 10.833 mm equivalentmodel = - -~

- 10.833 mm XRC extraction

-30.0

O Single RCWIRE model has a
slightly different AC response
compared to the extraction

O 4 x RCWIRE model has the same
response as the extraction

O ForaTLlength=10.833mm
= BW-3dB = 800MHz



SBB - Transmitter Scheme

h §

L Capacitive Transmitter with low swing signals for i JL {\ |

M Vn_begin_Line ]

5.0ps dy:93.60238mV s:416.0106MV/.

energy efficiency

Vn_end Line 640.0

= Charging a fraction of the capacitance of the Line 3
(ratio depends on a minimum required swing over
the line)

u Energy X C ° VZ 520.0

450.0 455.0 460.0 465.0
time (ns)
L ! ~ eye VT("/I84/endTLp") - VT ("/I84/endTLn")

DATAy O—D)—{ G owe o | T
C=Cpine/X +Cune + % | | | 200 rnipp-diﬁ
DATAp O—D)—II— L W AW AW

DATAp |—o DATAy

* 460.75ns [573.3311mV

x:5.0267542ps dy:1.64646uV 5:327.53966k

IBIAS_TX .0 .0 4.0 6.0

time (ns)



SBB — 160Mbps Data Buffer (RX + TX)

Vin- 0—

V,'n+ O—

Dynamic Latch
Comparator

Joao de Melo

o~

Receiver (RX)

Low swing O—>»

—

B

e
Data Buffer
b Low swing
26 cm
A

DATAy

DATAp

~
~
~
~
~
N
SS
~

~
~
~
~
<
~
S
~

-
/”
- IBIAS_TX

-
-
-
=
-
-
s
0

Data Transmitter (TX)
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Clocked Comparator D o] [\ Mo

M Vn_begin Line I~ YR
- \I}

:225.0ps dy:93.60238mV s:416.0106MV,

dDynamic comparator offset (diff. input) l

560.0

40 < £30mV (margin to reduce the swing over the line) Initial Values

Vp_end Line
Vn _end Line 640.0

B g,

offset offset

offset offset
i .
' Jarque-B
Kurtosis
Mean
Number

10.0 15.0 200 250 -25.0 -200 -15.0 -5.0 5.0 100 150 200 250 300




Timing analysis between SBB (Verification)

U Timing analysis of the loop @ the last Data Buffer / clk
over PVT

e SBB-A 10.833 mm
12x

Detect Crossing

Detect Rising Crossing

x72

LEC
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Simulation Results / Validation

O Eye diagram over corners (PRBS generator)

O 16 Corners O Line model RC worst
= MOS: SS SF FS FF = R=22 Ohm/mm
eye VT("/sbbA_Dinn<71=") - VT("/sbbA_Dinp<71>") (mndelFiles:HIEADER.scs:TOE Y
M eye VT("/sbbA Dinn<=71=") - VT("/sbbA Dinp<71=") (modelFiles=HEADER.scs:TO = Temp: -20+65 C = (C=0.3 pF/mm

= Supply: -10% 10%

v During the design process, the DATA TX amplitude was
optimized to accommodate, in the worst corner, the offset of the
comparator with some margin (4o of £30mV plus £20 mV).

-60.0

5.0
time (ns)

200  -15.0 -100 5.0




Simulation Results / Validation

Eye and clock considering noise:
» Transient noise (fmax=10G)
= VDD_SBB-A with 50mVpp sine wave @31MHz
= VDD_SBB-B with 50mVpp sine wave @43MHz

eye VT("/sbbA Dinn<71=") - VT("/sbbA_Dinp=71=")

% 7.425ns -418.8uV

a

B 7.556ns 149.7uV

B ax1 30.9ps dy:568.5226uV 5:4.342827MV/s

time (ns)

Supply noise

Data <71>

Clock comparator <71>




SBB — Power Improvements (Ongoing)

dPower update TDR

Table 3.9: Estimates of power consumption of the circuits composing one repeated sensor unit
(RSU). All values are for 25°C temperature and 1.2V supply voltage. Changes of operating set-
tings determine the increase between the nominal and maximum DC values. Process variations
determine the increase between the expected and maximum leakage values.

Power [mW]

DC Dynamic Leakage Total

Nominal Max Expected Max Expected Max
Analogue pixels 30 50 30 50
Digital pixels 0.2 12 32 12 32
Digital columns 2.7 16 42 18 44
Biasing and monitoring 4.3 4.3 4.3 4.3
Readout peripheries 36 1.3 3.4 37 39
Data backbone 11 11 5 13.3 @ 16
RSU Total 45 65 44 29 77 @ 185

115
SBB power about 12% of the Total

(4.24 cm”2)

Joao de Melo

SUPPLIES — ‘ N 7 B
I/Os «—— | _ _ ol I R R I /A R R S
SUPF:I/.gESS "l’[| . » . RSU || - - SEGMENT| = [~ - P B ’-]

1 S e s e e e et e e e
SUPPLIES — | | N . : . : . . .
I/0s +— | |

dPossible Improvements

a) Adding 1-bit configuration
to switch-off half SBB region

LEC

RSLJ 12x REPEATED SENSOR UNIT REC
p1Y,

a) 6 RSU x 2 half-SBB x 19uW = 8.3mW reduction for a total area of 25.43 cm”2
(0.28 mW/cm”2 ). Possible improvement of 0.32 mW/cm”2 + 0.062 mW/cm”2 (half
of the vertical clock). Equivalent of ~ 1.4 % of the total power of the chip.

b) Adding a 2-bit configuration to reduce the pre-emphasis cap of the TX in TYP
conditions

¢) Calibrating the offset of the comparator to further reduce the swing in the line.
Requires a state machine and a 4-bit cap DAC.
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Joao de Melo

Thanks!
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