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DRl Introduction

e The Milano group is involved in the design of the silicon tracker for
experiments at FCCee
— multiple scattering is an issue for the high precision tracking of FCCee experiment

— minimizing service material: low detector power consumption (monolithic pixel
detectors) and serial power distribution

e Goalsin DRD 7.1b
— build a serial power chain of HV-CMOS monolithic pixel modules
— realistic end-user test bench for the components developed within the project
— possibility to build also a second chain with low performance ITk pixel hybrid modules

e Presented today
— studies of ATLASPIX3 performances in serial power mode
— steps towards a multi chip module assembly and serial-power chain
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ATLASPIX3

« ATLASPIX3 general features

o TSI 180 nm HVCMOS technology
o full-reticle size 2021 mm? monolithic pixel sensor

18 mm

o 200 Qcm substrate (other substrates up to 2 kQcm also possible)
o 132 columns of 372 pixels

o pixel size 50150 um? (25x150 pm? on recent prototypes)

o breakdown voltage ~-60V .
o up to 1.28 Gbps downlink iz

o 25 ns timestamping . -
metal layers _ power supply voltage

o analog pixel matrix, digital processing t smart” diode : — |t
in periphery — ‘} e
° ° *
* Both triggerless and triggered 'w"gmmg
readout mOdeS: p:;lezpn ---------- penpherycucult

* two End of Column buffers 1
* 372 hit buffers for triggerless readout N depleed subsrace

30um

e 80 trigger buffers for triggered readout ““;;_;;;,;—s;ﬂ;;,;;t;-""" e SO
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e Version ATLASPix3.1 has =
possibility for serial powering — 1\]
through two shunt/low dropout — R | T“'dd %"
regulators 8G } IJ % "~ regresetoutb
o digital and analog (VDDD/A) . %T | q_—] gatenmos ﬁ '
o 3 bits to tune threshold of Tond il p—
shunt regmator b0-b2 gatenmos [ | outref b3-b5 [ ] gatepmos
o 3 bits to tune VDD
o gatenmos, outref, gatepmos P i M e~
are for monitoring c C
o regresetoutb can be used as O‘\ IT] Rif] k3 : LT] R[] R3
power on reset “a V_*{%J o L{%J
e Possibility to use a single power e el e
supply for all the 6 alimentation e | e
needed to operate the chips e First loop defines shunt e Second loop
regulators regulates VDDD/As
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e Turn-on curves studies
o Vin and VDDD/A for the two

2.5 1 2.5 4

extreme DAC values
o turn-on point from 275mA for - 2
DAC=7 to 400mA for DAC=0 2 E

o VDDD/A from 2.1V for 101 %
DAC=0 to 1.9 for DAC=7 4

1.0 Z
—e— WinA/D{b0-b2 DAC=T) / —e— VInA/D(b3.b5 DAC=7)
o WDDA(DO-b2 DAC=7) /4 o~ VDDA(b3-bS DAC=7)
~»— lDDD(BO-b2 DAC=7) e~ VDDOD(b3-b5 DAC=7)

—e— VinA/D(b0-b2 DAC=0) —— VInA/D(b3.bS DAC=0)

- - B
" \ N

S emtace| ™9 TS
0 100 200 300 400 500 0 100 200 300 400 500
Input Current (mA) Input Current (mA)
s 27 = 2'7:— - 83Q
§ 2o g2 77 e Tuning range studies
2 25% " = 25 +— Chip . -
£k 8 24f o DAC scan at a fixed input current
23~ 2 for Vin and VDD/A and different
22F 2.2?
21 sedin 24 loads
2 R 2 o linearity of regulation but very
19f 8 —— T ;
3 B ——— low range (different from module
G T SR S e vee She TE R s = = on the right)
DAC DAC
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<Ry Serial Powering — Single chig

0.16 0.07

— S5CC 37 Direct Voltage: RMS=0.015750

— SCC 37 Serial Powering: RMS=0.023435
—— SCC 39 Direct Voltage: RMS=0.028393 0.06
—— SCC 39 Serial Powering: RMS=0.019741

— SCC 37 Direct Voltage: Mean=0.019123

— SCC 37 Serial Powering: Mean=0.023328
—— SCC 39 Direct Voltage: Mean=0.021431
—— SCC 39 Serial Powering: Mean=0.024051

0.14

e Tuning performance
and noise comparison
for two SCCs in DV ad

0.12
0.05

m][llll|llll1lllrll]llllII][II]

n.mf—
(Direct Voltage) and ~ oos -
. . 0.03—
SP (Serial powering) o6 C
powering mode 0.04 002
e No degradation of - 0.01F
performances . Ll 1 .

& 0.6 0.65 0.7 0.75 0.8 0.85 0 0005 001 0015 002 0025 003 0035 0.04 0.045 0.05

Threshold [V] Moise [V]

Threshold [V] Noise [V] Threshold [V] Noise [V]

0.64410.016 0.019+0.003 0.654+0.023 0.023+0.003

0.715+0.028 0.021+0.003 0.718+0.020 0.024+0.003
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Cineh EREREIE Serial Powering — Quad modules

e Developed a new flex PCB which implements serial
powering for quad modules
o 4 FE regulators are connected in parallel
o powered with a constant current
o big differences in the behaviour of the 4 FE @ lin

regulators can be problematic
e 20 flexes have been produced
Tests presented in the next slides

Future step will be to
build chain of quad
modules serially
connected

lin

=)

Quad modules with direct powering have been already
produced in 2022 and tested on beam in 2022 and 2024
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Cineh (S Input lines

ST . Chip UL8 100 onm line Sl oLt Tmil Chip U4

10k 0.1% |

o ‘ terminations
CkRef P M C1 DecCkRef P S NITW
——— Aol B

4
CkRef N [ '] v
=== ! ‘
100uF 16
€l VDDD? L
10k 0.1%

T v e O

N
| "4
NSy

Long lines distributing inputs | Chip U3 Chip U3
to all 4 FE chips

AC coupling at chip inputs
DC level set by pull up

resistors to VDDD/2

= /_/“
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e Tektronix DSA8200 oscilloscope
equipped with the 80E04 TDR (Time
Domain Reflectometer) was used for
impedance measurements.

e Lecroy SDA 808Zi-A 8 GHz Oscilloscope
with D830 differential probe was used
for eye measurements

e HP 81130-A 660 MHz pulse generator
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CMD

| _Probe only P
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Probe +

Connector

| Bare PCBs }

Loaded PCBs
impedance mismatch at
chip connection

1.04630E-05 1.04635E-05 1.04640E-05

Time (s)

Input lines impedance verification

Only one defective PCB

‘wtermination)

a (bare)

1.04645E-05 1.04650E-05
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DRl Output lines

C10

R1% ] DataOut N €1 DecDataOut N o memm Wy
100 0.1% 100nF 16V < -::»f ’
p B0 €1 DataOus P L DecDataOut P E:
— 100 0.1% 100sF 16V T e
CNDA 3 i :_l C4_Da'[aOu'[
C1 DataOut «n .
Short lines 1R [ =k °
AC coupling at chip outputs hlgh g g g i
Pull up resistors to VDDD: ) Aty
ATLASPIX3 serializers can only drain current \| |
C3_DataOut
C2_DataOut
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=iy OQutput lines impedance verification

e Tektronix DSA8200 oscilloscope
equipped with the 80E04 TDR (Time
Domain Reflectometer) was used for
impedance measurements.

e Lecroy SDA 808Zi-A 8 GHz Oscilloscope
with D830 differential probe was used
for eye measurements

e HP 81130-A 660 MHz pulse generator

Probe + il
Connector

400

| _Probe only E

~====Probe

(Ohm)

200

Impedance

. impedance
e Measured value is 200 Ohms mismatch at

______________

— offset is an artefact of the decoupling circuit chip connection

— same behaviour observed with a replica of the
circuit with discrete components

E 1 I:I 1 01105717F~05 1.046225E-05 1.046237E-05 1.046250E-05 1.046262E-05 1.046275E-05 1.046287E-05 1.046300E-05
R1% ] DataOut N €1 DecDataOut N Time(s)
R ——
0, ==
Al I 100uF 16V
R20 s
C1 DataOut P C1 DecDataCut P
e i
0, ==
Al I 100uF 16V
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Differential probe

640 MHz
Pseudorandom
bit generator
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TR Module assembl

e |-V test for HV functionality under probe %
station before assembly |

— failure mode observed during the production of
quad modules with direct powering

— ashort on one chip may jeopardize the
operation of the other chips in the module

Diode IV curve

e Finetech pico die bonder

— used also for the assembly of ATLAS ITk 3D
modules

— manual optical alignment between chips and
flex-hybrid

e Araldite 2011 deposited by stamps method
on flex backside
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DAQ DAQ Detector Detector
vDD +3.3V VDD +1.8V G}ND Vin

DAQ
GND

\

. _ -l B .;: G
| o VAR ek BT
s : . . - A . ) : [
38! -Data pigtail Py — .- -
| N~ TG

7“15)

LSS

Loaa Brivtel (1508238 )

e GECCO, flexible readout system developed by KIT e Adapter card splitting the two power domains
e Firmware and sofware adapted to module operation e LVDS signals decoupling on the flex PCB
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CRE ot Module Bias

e Tests with a single chip bonded to the flex circuit " 2nd Quad Module(Chip 1 - W40)

— verify connectivity and settings of configuration
pins

e On chip regulators:

— turn-on at about 350 mV input current
— VDDD/VDDA regulated at ~1.9 V

— Consistent with observations on single chip
carriers

[A] 28e1j0A

e Module configuration

— configuration pins were programmable from the
FPGA in direct power quad-modules

— needed to be fixed by wire-bonding to local
VDDD/GND in serial power quad-modules

—— VinA
—=— VDDA Chipl
—»— VDDD Chipl

— found some inconsistency in the propagation of
settings between the direct-power and serial-
power modules

0 100 200 300 400 500
Input current [mA]

— debugging is ongoing, it is likely it can be fixed by
modifying the wire bond diagram
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Conclusions and Outlook

e The operation of the ATLASPix3.1 HV-CMOS monolithic pixel detector in serial
power mode has been investigated

e Assembled the first multi-chip detector module in a configuration suitable for
serial powering
— currently debugging the FE configuration pins (set by wire bonding)
e Designed a power bus to test a multi-module serial power chain

— Aluminium conductor to reduce thickness in radiation lengths
— Ready to start production when module operation issues are solved

.......

e Preparing a DRD3 common
project to pursue also
other aspects of detector integration

.

|
|||||

' / |

End of stave side
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(v EREEEE Flex Stackuc

° 4 |a e r PCB STACK-UP for 4L
y Material [hickness (um)
g p Plating Plating Cu
—_ G d d V 1 Allstar
Ffouna an IN FCCL (L1 3.5
(L1) AS2L-ADAOOBU
PI
. . . ADH adhesive B B
e Line impedance checked with vendor
Allstar
. . . . FCCL (L2/L .
provided manufacturing information S aszL-apaoon |7
ADH adhesive 25 3.5
PI 100 Allstar
FCCL (L4 3.5
Y R s i
Basic  Dielectric Metal ZOPlanning Manufacturing Custom View Plat ing Plati ng Tl 25
Layer Name | Usage Th'fjk,:“s Er D:;io w\::h f’;: 20 Curve c ) sl s e 35 Shengyi -
overlay .
1 Solder_Mask | Solder Mask 20 44
2 |FcciiL) Plating 25 |<Auto> ?ggf{f:ﬂ_)a—~5k \ Pl 25 OF30C1039N
i iigtﬁ:i_m 53:3:‘?“ 11:() <A3u,t5°> % B Ay FoCLLY) Edge-Coupled Coated Microstrip 1B Edge-Coupled Offset Stripline 1B2A
5 |ADH(1) Adhesive | 25 35 :%(;%L)’ Pl
6 |FccLi?) Plane 18 |<Autos| 1 10 | <Error> Sl \
7 |FCCLI2/3)_PI | Substrate 100 3.5 )
3 |Fccu) Signal 18 |<Autos| 100 82 | 116491 Rl (L) 8
3 |ADHR) Adhesive 25 35 FCCL(L3)
10 |FCCLiLa)_Pi Substrate 100 35 ADH(2)
11 |FCcLLd) Plane 18 |<Autos| 1 10 | <Error> FCCL{LA) PY
12 |FCCL(L4) Plating | 25 <Auto> FCCL(L4)
13 |ADHE) Adhesive | 35 3.6 FCCL(L4) ———
14 |PI Cover Layer 25 3.6 ;DHB)
Draw proportionally Total thickness: 552 um
Use layer colors
Plan for: | Differential pair v Apply as Test Width No errors found in stackup.
Strategy: | Solve for separation v l:ior?e mouse over cell with <Error> for details.
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<Ry Data and Power Connectors

n
Reset C4 . |2 Reset C3
C4 DecDatalut B == 3 _I 4 C4 DecDatalut P =_=
5 8
C3 DecDataOut N 2% | 2 S [ C3 DecDataOut P =C=
5| | 10
ws o C2 DecDataOut N =8 | | 9 [12 C2 DecDataOut P__=C=
el — C1 DecDataOut N ﬁ” 13 14 Cl DecDataOut P __=0=
100 0.1% gl lata I = 15 = 16 cllatalhit o
—— 5 7 B 18 | ChRef P
Cmd P R ‘md_N FuPIL | B gt 05
100 0.1% S1n” ul[Z Cmd P
SelExi 35 | : 3
713 s ExtTriceer P
ExiTrigger P R4 ExtTrigger N | 3 | 5 30 [0 Reset C2
100 0.1% 31 51 33 32 SyncBRst P
Fesat C1 33
3
SyncRst P R&m SyncRat N MEC2 MEC?
100 0.1%
’ Molex 5025983393
RT1
1 2 ﬁjﬁ 2
10K
02
03 04
> 05 06
v Y SubCly RS W o it [10°
1k0.1% 11l 11 12 1_—
C_H\'_l_ 13 14
100nF 2508 16
. FTM-108-02-L-DV
G-.T'D
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CkRef

200

e Tektronix DSA8200 oscilloscope
equipped with the 80E04 TDR (Time | BarepcBs L
Domain Reflectometer) was used for s | IETORBTORIYN -

b(bare)

impedance measurements. . L /’
: ‘f‘ ) 1
:/ ‘v | s
140 :‘I ;‘ ] —3
e Lecroy SDA 808Zi-A 8 GHz Oscilloscope T\ M
. . . =120 :I 1 ‘\‘” ,:.; —t
with D830 differential probe was used £ R I\ R g P | .
Q e y byt il ) Ai "\‘.F, i 3 h , =
for eye measurements $ 10 i | W ~ Bl  -“ Vb 7
% H.J“'l it | W"M — O
g i —9
E a0 i
L —10
e HP 81130-A 660 MHz pulse generator ) Loaded PCBs 1
impedance mismatch at .
. chip connection f
15
20 —_—16
—_—17
0 —_—18
1.046150€-05 1.046200E-05 1.046250E-05 1.046300E-05 1.046350E-05 1.046400E-05 1.046450E-05 1.046500E-05 =19
Time (s)
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< Input lines impedance verification

e Tektronix DSA8200 oscilloscope ExTrigger
equipped with the 80E04 TDR (Time 200 ,
Domain Reflectometer) was used for |_Probeonly [ Bare PCBs
impedance measurements.

-

160

| Qe

140

e Lecroy SDA 808Zi-A 8 GHz Oscilloscope
with D830 differential probe was used
for eye measurements

= N ———

-
N
(=]

Impedance (Ohm)
S
o

80

e HP 81130-A 660 MHz pulse generator Loaded PCBs .

60 impedance mismatch at
chip connection

14

40 - =15

20

0
— 20
1.046150E-05 1.046200E-05 1.046250E-05 1.046300E-05 1.046350E-05 1.046400E-05 1.046450E-05 1.046500E-05 2

Time(s)
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< Input lines impedance verification

e Tektronix DSA8200 oscilloscope
equipped with the 80E04 TDR (Time
Domain Reflectometer) was used for N |_Probeonly >
impedance measurements.

SyncRst

160

e Lecroy SDA 808Zi-A 8 GHz Oscilloscope
with D830 differential probe was used
for eye measurements

[y
[
o

Probably
bad contact

e HP 81130-A 660 MHz pulse generator Loaded PCBs .
60 impedance mismatch at
chip connection -

40 . 15

Impedance (Ohm)
2

(o]
o

16

20 17

18

19
0

1.046150E-05 1.046200E-05 1.046250E-05 1.046300E-05 1.046350E-05 1.046400E-05 1.046450E-05 1.046500E-05 20

Time(s)
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< v Qutput lines impedance verification

ouTC1 ouTC2

ouTC4
OUTC3
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