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Experlence and results of the ATLAS ITK pre-production
staves at Brookhaven National Laboratory

Francesca Capocasa for the ATLAS ITk Strip Collaboration

L:»‘ Brookhaven
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Tk Layout
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For the HL-LHC, an all-silicon Inner Tracker (ITk) will replace the current ATLAS inner detector

« [TK Pixel Detector
« 5 barrel layers with inclined sensors in the
forward region
« End-Cap (EC) system containing individually
located rings
o |TK Strip Detector
* 4 barrel layers
« 6 EC rings on both forward regions

—_.’ and testing the ITK’s Strip Barrel Detector building

Brookhaven National Laboratory and Rutherford
Appleton Laboratory responsible for assembling

blocks, the staves

0oooon

Q0oooa
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ITk Strip Modules

« The units of the staves are the silicon modules
« Consists of one sensor and one or two low mass PCBs, called
hybrids, and one power board
« 2 module variant for ITk Barrel Detector having same architecture
but different strip length

SS Module

« Hybrids and power board are glued directly to the silicon sensor

Wire-bonds

DC-DC converter

HCCstar Power "
Wire-bonds board FEOET '
e . - H .‘, St?

L.-. ' Silicon sensor: 4 rows of Short LA

Hybrid Strips
(24.10 mm) for higher occupancy ||
regions

== |

Silicon sensor:
2 rows of Long Strips
(48.20 mm)

~97mm
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ITk Strip Modules

« The units of the staves are the silicon modules
« Consists of one sensor and one or two low mass PCBs, called
hybrids, and one power board

« 2 module variant for ITk Barrel Detector having same architecture
but different strip length

SS Module

« Hybrids and power board are glued directly to the silicon sensor

. The hybrid hosts the readout ASICs:
10 front-end ABCStar chips and a control chip HCCStar
- Each ABCStar has a binary architecture, 256 channels of - h et
trimmable preamplifier, discriminator and control logic Silicon sensor: 4 rows of Short

« Each ABCStar has a point-to-point 160 Mbit/s data path to the
HCCStar, enabling fast readout

regions

-
Yy

+ 640 Mbit/s

Silicon sensor:
2 rows of Long Strips
(48.20 mm)
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ITk Strip Modules

« The units of the staves are the silicon modules
« Consists of one sensor and one or two low mass PCBs, called
hybrids, and one power board
« 2 module variant for ITk Barrel Detector having same architecture
but different strip length

SS Module

« Hybrids and power board are glued directly to the silicon sensor

- The Power Board (PB) provides power, control, monitoring and autonomous
interlocking

« Hosts a DC-DC buck converter to step down the LV to 1.5 V used

by front-end ASICs N | _%;5‘1{“”‘.{-
» Hosts AMAC Chip for Control and Monitor functions (AMACStar): | Silicon Sensosri[”f rows of Short '
- Monitor the sensor HV bias return current (24.10 mm) for hri'gﬁer ocoupancy
+ Monitor NTCs temperatures on hybrids and powerboard regions
bPOL12V
GaNFET AMACStar LinPOL12V ]
Silicon sensor:
2 rows of Long Strips
: T : (48.20 mm)
HV Filter i HV switch : Measurement& : pc-DC conversion
' ' Control ' gggggg

CPAD 2022 - Francesca Capocasa (Brandeis University)
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ITk Stave

Staves are the building block of the ITk Strip Barrel detector, which provide mechanical support for the modules and
host the common electrical, optical and cooling services

» Stave has a sandwich geometry
> 1.4 m long support structure (stave core)

e e e e e e e e = == —— <« Readout ASICs

Polyimide Hybrid ———>

< Silicon Sensor
< Carbon Fibre

Carbon flbre Facesheet
closeouts
(C-channels)

—————T——

Polyimide Bus Tape —>:

High Thermal Conductivity Foam Carbon Fibre Honeycomb Tltanlum Cooling Tube

> Provides mechanical rigidity and support by using high stiffness and high thermal conductivity carbon

fiber

> Embedded cooling with evaporative CO2

» Large area copper/kapton bus tape mounted on both sides of support structure to route electrical

services to and from the stave

> 14 silicon modules directly glued on both sides of stave core with a stereo angle of 26 Mrad

CPAD 2022 - Francesca Capocasa (Brandeis University)
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Stave Schematics

Electrical power (LV, HV), CCR (Clock, Control, Reject), AMACStar signals and physics data are carried by the
bus tape to and from the End of Substructure (EoS) board

> The EoS board hosts a radiation-hard optical link (VTRx+) and a data transceiver/serializer (IpGBT)

@l DATA 640 Mb/s

& CCR 160 MHz ——»
° i O
EoS [peor] ) Ly - Segmented multidrop CCR
BEEBE PE B BE PE | PE | PE | PE|PE| BE = | BY |
L ElE SIS ::‘—:‘—:‘—:‘5”5 SIS SIS =l | E | B3I
. Z‘EJEI ‘1 E@Jléy h Eﬂégﬂ ‘ é[é% ‘_ EH.%H% ‘ EH%E ‘ Zl\éué | E@E‘j h E@% ‘;‘. El,éné | BEE | Eiéllé |
< LV power bus at 11V, 4 HV lines —
< AMACStar >
— noooog
Qoooog
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ITk Pre-production

Currently in Pre-Production (PP) phase ~ Exercise to prove production readiness

> Aims to demonstrate sites ability to perform assembly procedure,
electrical testing including shipment, receipt and storage of

components

» Assembled and Tested 2 SS staves at BNL during PP period with final ASICs
» Extensive campaign to assemble and characterize first PP stave to meet ASICs Production Readiness Review

goals
o0 LS core Termination Boards
|I RECEPTION . . . ° }
EoS Modules
Calibration Modules Loading PR RS SR SRR RS PR
ASSEMBLY ® ® — } AL R 18 TN O I LA T DA
EoS and Termination i ) )
Board . — ——— —
Wirebonding 44

Visual Inspection
@ Asgglagw M * — & ‘
Metrology Electrical Tests ‘

CPAD 2022 - Francesca Capocasa (Brandeis University)
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BNL Staves Testing Setup

» Stave has to be proven to work reliably at the expected detector operating
temperature (targeting -35°C)

» Detector will run cold to reduce sensor current due to radiation damage

» To facilitate thermal cycling and electrical test, an instrumented box is
necessary

> Chiller (+ high pressure booster pump), dry air, humidity and temperature
sensors, etc.

» ~15°C difference between chiller output and stave input

Tchiller [0 C] Tinlet [o C] Toutlet [o C] Pressure [P SI]

35 39.0 40.9 140

30 34.4 36.8 133 * For stave QC we are targeting T

20 25.2 28.4 123 stave = average (Tinlet, Toutlet) = -

10 15.9 20 112 35C

0 7.0 11.0 105

-10 -1.7 4.1 102

-20 -10.5 -4.0 101

-30 -19.4 -12.1 100

-40 -28.5 -20.3 100

-50 287 -20.8 100

-55 -37.7 -28.9 102
— -60 -42.4 -33.1 103 ooooon
— ooooog
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Results Pre-production stave...r

Tstave = 24.9 C, -37 C

L 4
4

Hyb 0-X “Col 0
1280

’

4
’

Vbias = - 400 V %
-E‘ 1024
(/2]
» First 28 SS modules PP stave assembled
in July 2022 78
« Gain response for the 14 SS modules on
the one side of the first pre-production °12
stave
« Gain analyzed independently for the 2 256
rows of strips of LS modules
« Confirmed ABCStar gain dependencies O me w100
1HNnon temnearatiire Gain (mV/C)
92
90 Col0
£ Col 1 /
E% [47 $:§.|§:: 7
Sea — Eg —
82 ABCStar Gain vs Temperature ‘::M § :::
40 _29l'emper2ture [C]20 0 — ::: E :::
ABCStar O | |[recs= ]
ABCStar e ABCStar
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HybO X Col 0 Hyb 1_X Col 0 Hyb2 X Col 0 Hyb 3_X Col 0 Hyb 4_X Col 0 Hyb 5_X Col 0 HybG X Col 0
o #1280 5 1280 5 12 5 1280 5 1280 5 1280 5 12
H £ £ £ £ £ £
5 5 5 5 5 5 5
z z z z z z z
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
(7] @ 7 @ @ @ @
*
’
# 768 768 768 768 768 768 768
’
512 512 512 512 512 512 512
256 256 256 256 256 256 256
o o L L o o L L L L o L L
-10 26.67  63.33 l -10 2667 6333 100 -10 2667 6333 100 -10 26.67 63.33 100 -10 2667 6333 100 -10 26.67 63.33 100 -10  26.6;
Gain (mV/fC Gain (mV/C) Gain (MV/C) Gain (mvm:) Gain (mV/C) Gain (mV/C) Galn (mVﬂC)
Hyb 7_X Col 0' Hyb 8_X Col 0 Hyb 9_X Col 0 Hoyb10,X Col 0 Hyb 11_X Col 0 Hgb 12_X Col 0 gb 13_X Col 0
5 1280 5 1280 5 1280 5 128 5 1280 5 128 5 128
2 3 2 3 23 3 2
E E E E E E E
5 5 5 5 5 5 5
z z z z z z z
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
7] @ 7] @ 7] @ @
768 768 768 768 768 768 768
5124 512 512 512 512 512 512
4
4
050 256 256 256 256 256 256
4
o o L L o o L L L L o L L
S0 2667 6333 100 10 2667 6333 100 S0 2667 6333 100 S0 2667 6333 100 S0 2667 6333 100 S0 2667 6333 100 S0 266
Gain (mV/fC) Gain (mV/fC) Gain (mV/iC) Gain (mV/fC) Gain (mV/C) Gain (mV/C) Galn (mV/IC)
Hyb 0_X Col 1 Hyb 1_X Col 1 Hyb 2_X Col 1 Hyb 3_X Col 1 Hyb 4_X Col 1 Hyb 5_X Col 1 HybG X Col1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
3 -y | 2 3 3 3 3 3
E E E E E E E
H 5 5 5 5 5 5
z z z z z z z
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 .,5 1024 £ 1024
& & & & & & &
768 768 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
o L L o L L o L L
S0 2667 6333 100 10 2667 6333 100 S0 2667 6333 100 S0 2667 6333 100 S0 2667 6333 100 S0 2667 6333 100 S0 2667 6333 100
Gain (mV/fC) Gain (mV/fC) Gain (mV/iC) Gain (mV/fC) Gain (mV/iC) Gain (mV/C) Gain (mV/iC)
Hyb 7_X Col 1 Hyb 8_X Col 1 Hyb 9_X Col 1 Hyb 10_X Col 1 0yb 11_X Col1 Hoyb 12_X Col 1 Hoyb 13_X Col 1
5 1280 5 1280 5 1280 5 1280 5 128 w128 v 128
H H H H 2 H H H
E E E K E E E E
5 s 5 ; 5 5 s s
z z z z z z z
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
1z 1z 1z 1z 1z 1z 1z
768 768 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
S0 2667 6333 100 o ey sos 100 S0 2667 6333 100 S0 2667 6333 100 10 S0 2667 6333 100 S0 2667 633
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| |
R e S I t S P r e r O d Ct I O n St aV e Hyb 0_X Col 0 Hyb 1_X Col 0 Hyb 2_X Col 0 Hyb 3_X Col 0 Hyb 4_X Col 0 Hyb 5_X Col 0 Hyb 6_X Col 0
l I f— l l 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
2 ® |2 2 2 2 2 2
P E E E E E E . E
o”2 2 2 2 2 2 p: 233 2 -
Pl £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 o
P a ’, & & @ @ @ @
.” g L l -
T 2 4 9 C 37 C . '¢7ea 768 768 768 768 768F gt 768
—
— - - .
Stave " , HyQ D:X COl O . C 4 ’. 512 512 512 512 512 512 512
5 12807 1°5
V . — 400 V -g -g 256 256 256 256 256 256 256
- .
bias — E E .
2 2 iR o . o . o . o . o . o .
'Q Q- -25 583.3 1191_7 IB’ -25 5833 119}7 1800 -25 583.3 119!7 1800 -25 583.3 1191_7 1800 -25 583.3 119!7 1800 -25 583.3 1191_.7 1800 -25 583.3 119!7 1800
= 1024 L = Input Nolse(; Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
- -
"(D 7] R 1zg-lilyb 7_X Col Op R 1zgzi)yb 8_X Col0 R 12;—(|)yb 9_X Col0 R 12|{;|()yb10,X Col 0 R ‘glggb 11_X Col 0 R mléigb 12_X Col 0 R ‘zléia/b 13_X Col 0
b ¢ |& - b E i E b - i - b -
£ s £ £ £ £ £ £
z z z z z z z
£ 1024 ’ £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & & & & @ &
768 | .- ., _ _ _ [
* Input Noise response for the 14 SS =, =l I =l - -
A . .
modules on one side of the first pre- sl | ot e
4
r O d u Ctl O n St av e 51 2r "256 256 256 256 256 256 256
P . .. .. ..
. . . 4 0 0 - 0 . 0 . 0 L 0 L 0 L
° Noise profl le good except for Cold Noise S T BT Tl T TiAdT 7 aled C iadT 7 el hiad”
. : o Hyb 0_X Col 1 Hyb 1_X Col 1 Hyb 2_X Col 1 Hyb 3_X Col 1 Hyb 4_X Col 1 Hyb 5_X Col 1 Hyb 6_X Col 1
Issue and hl h Current module 256 ’ 5 1260 5 1280 5 1260 5 1280 § 1260 5 1280 5 1260
g ’ E E E E E E E
H 2 1024 2 1024 2 1024 2 1024 2 1024 2 1024 2 1024
 Module #0 has high current and has ‘s
4
. . 0 — 768 768 768 768 768 768 768
developed noisy channels over time T35 5833 11017 1800
. |nput Noise (e-) 512 512 512 512 512 512 512
* Noise peaks at cold temperature (Cold
. C 256 256 256 256 256 256 I -
Noise), already observed at module Q IR 0 IR e
o5 583 11917 1800 o5 53 11917 1800 o5 5833 11917 1800 25 5633 11917 1800 o5 5833 11917 1800 25 583 1917 1800 o5 5833 11917 1800
Stage COI 0 Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7_X Col 1 Hyb 8_X Col 1 Hyb 9_X Col 1 Hyb 10_X Col 1 Hoyb 11_X Col 1 Hoyb 12_X Col 1 Hoyb 13_X Col 1
5 1280 5 1280 5 1280 5 1280 5 128 5 128 5 128
Col 1 / 2 z HE 14 z g z
2 2 2 . 2 2 2 2
F £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
Aocstor || ‘ ' = E S E Mo |5 3 3 3
T 4 @
Ascstar [f3 § || Ascstar 768 768 768} 768} 768} 768} 768
ABCStar ABCStar h - - °
e fa) ABCStar 512 512 si2f stz si2} s12} 512
([ 2= 5 ABCStar . . i . .
ABCStar 8 ABCstar 256 256 26 | I 26 26 26 26
Ascstar o Acstar o L o L ol L ol L ol— |J L Py L ol L
e W ABCStar 5 sma 11917 1800 25 se3 11917 1800 5 smas 11917 1800 5 s 11917 a0 5 smas 11917 1800 25 s 1ie17 1800 5 smas 11917 1800
; Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Nms:(a-) Input Noise (e-)
=SiHIE = eerre
ABCStar ABCStar I
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Results Pre-production stave

Hyb 0-X Col 0 Hyb 1 -X Col0 Hyb 2-X Col 0 Hyb 3-X Col 0 Hyb 4 - X Col 0 Hyb 5- X Col 0 Hyb 6 - X Col 0
1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
2 2 2 2 2 2 -
E E E E E E
5 5 5 5 5 5
2 H 2 2 2 2
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ @ @ @
768 768 768 768 768 768 768
T e
512 e 512 512 512 512 512 512
256 256 256 256 256 256 256
L 0 L 0 L 0 L 0 L 0
25 5833 11917 1800 25 83 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7 - X Col 0 Hyb 8 - X Col 0 Hyb 9 - X Col 0 Hyb 10 - X Col 0 Hyb 11 -X Col 0 Hyb 12 - X Col 0 Hyb 13- X Col 0
1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
E-] E-1 E-] - E-] E-] - E-]
E £ E E £ E
5 5 5 5 5 5
2 2 2 2 2 2
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & & & & &
768 768 - 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
0 0 L 0 L 0 L 0 ol—= L 0 L
25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 0 -X Col 1 Hyb1-X Col1 Hyb2-X Col1 Hyb 3-X Col1 Hyb 4 - X Col 1 Hyb 5-X Col 1 Hyb 6 - X Col 1
1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
3 3 3 3 3 3
E E E E E E
5 5 5 5 5 5
z z z z z z
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ @ @ @
768 768 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
0 - 0 - 0 - 0 - 0 - 0 - 0
25 5833 11917 1800 25 B3 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 3 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7 - X Col 1 Hyb 8 - X Col 1 Hyb 9 - X Col 1 Hyb 10 - X Col 1 Hyb 11 - X Col 1 Hyb 12 - X Col 1 Hyb 13 - X Col 1
1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
H H = H - H - H H
E £ £ E £ £
5 5 5 5 5 5
R 2 2 2 - 2 2 2
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ & @ @ @ - @
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512 512 512 512 512 512 512
256 256 256 256 256 256 256
0 1 0 1 1 0 1 - 1 0 1 0 1
25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800

Input Noise (e-)

Input Noise (e-)

Input Noise (e-)

Input Noise (e-)

Input Noise (e-)

Input Noise (e-)

Tstave =23.9 C, -35C
Vbias = - 400 V
 Second 28 SS modules_PP stave assembled in
October 2022
* Input Noise response for the 14 SS modules on one
side of the second pre-production stave
« Good overall stave performance at room and cold ,
temperatures except for Cold Noise issue
ColO
Col1 / §
- EE
==J( [a] =
Rl =
— E e
= 12| =1
= &=
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Results Pre-production stave

BNL_PPB2_105

Cold Noise represents the main challenge of the ITk pre-production

- Noise peaks first observed during module QC: -
 Appear below 0 C - Cold Noise

nnnnnnnn

+ Doesn’t affect the whole module but only the strip column running
“under” PB and hybrid

* Reversible .

« Only present at cold temperatures L

* It's worse for SS modules - appears at higher temperature

1400

mean ENC = 919.28 [e-]
. iller = -40 C - mean ENC = 826.52 [e-]
® Thiller = -60 C - mean ENC = 799.35 [e-]

LBNL_PPB_SS 23 X Hybrid Stream 0 Input Noise at 1.50 fC

Tenuck (Teniner)

- . | Double glue thickness. ‘
s 20°C(20°C) day3 « -40°C(-50°C) day3

ITk Collaboration has established a Cold Noise Task force to investigate this issue! g @ zemi, - wczaw
> Switching action of the DC-DC seems to be the source 3 0. B -

+ New studies with different glues (TrueBlue, Sylgard, SE4445 while baseline is Polaris) "ol —

> No cold noise observed s 100

> Mitigation: thicker glue between hybrids+PB and sensors { 01

> LS with 300um glue - 120um thicker than nominal - no cold noise %—100-
» SS with 240um g|ue: less cold noise e 0 128 256 384 512 '_ksiow 768 896 1024 1152 1280
noooog
Qoooog
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AMAC - HV return current measurements

«  AMAC provides a mechanism for measuring the HV sensor 1400
bias return line L L e
o : . 1200 oyt
* Monitoring the leakage current in the silicon sensors = *,t' . . s > >
. . < >>> 'S 'S > » > » ModO
become significant during operation, when higher £1000 J“» > Mod1
current is expected due to radiation damage c / > oa3
e  Current measurement on stave modules are close to % Mod 5
expectations Z R
«  Chip-to-chip offset can be corrected by measuring g T e diC > x x0T S > | Mods
i — o > > > Mod 10
Vbias =0 < f’» > Mod 11
* Modules 11 and 12 are most likely affectgd®y the light 5 i . > | Mod 12
from VTRx+ 200{ pwsm > » > x> B B B Ok
g KB ¥ b s b B E B BEE
0 G S S S N
0 100 200 300 400 500 600 700 800

Bias Voltage [V]

poooon
1 ADC Count =~4 nA o[e/e/efo]e]

CPAD 2022 - Francesca Capocasa (Brandeis University) AT LAS ITk




AMAC - Temperature monitoring

« AMAC allows on- stave temperature monitoring using :
« the 10K NTCs on hybrids and power boards - HX, HY and PB NTCs
 PTAT channel to estimate bPol temperature

* On-stave temperatures show no obvious trend at Room Temperature
» Affected by module-module variation

[peBT | e || viRas | O —
(%) FEE B BE EE PE EE | PE PE | PE | PE|BE|BE | BFE | FE | PBNTC [——{bPOL |
— 0 | EIE | B0 | ENE | ENE | 2NE | BN | e | EhE | E0E | ENE | B0 | ENE | EiE e | o
o SiE | BiE | BiE | 5B | BiE | 55 | BlE | 508 | 208 | EiE | BUE | BUE | BIE | BIE 0wy
S
>
55

E S0 . . . . ° . - o - . - . - . L - - -
o a5 * - . . . . . . . .
Q 40| = - - - - .
ﬁ > = - * - . - - . e - . - - - - ' - = - =

-13 12 - 11 - 10 : 9 8 . 7 6 5 4 . 3 1 0
=) S
Q 553
5 50] . : . - . C - .
ey a5 s . - . . . . . . - . - . . .
£ 40! T i lel=o 1T e e
8 35] : : : : : : : : : : : : :
E 30 1 ° N
2 gg ® e ® . e ® . e & e e ®° ' g - - -

-14 : 15 " 16 175118.'19:20:21°22'23°24.25.26'27' Qoooon

CPAD 20._._ Module Qooooo
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| |
Hyb 0-Y Col 0 Hyb 1-Y Col 0 Hbe-YCOIO Hbe-YCoID H’\‘/b4-YCDIO HybE-YCOIO Hbe-YCoID
— 3 3 3 3 3 3 3
E E E . E

> BNL staves were shipped to CERN where they will be used for

System Test (ST)

» ST validates production chain with final parts and cooling

before production starts

BNL staves tested at CERN after shipment :
- targeting a relative humidity below 20% seems feasible S . < 1AL |-

- confirmed gain and noise performances

40

RH [%) and Temperature {deg-C]

PPB1A Shipping

Ve
Plarje flight (5.8 to 6.1)
"

] ]
[] ]
30 ] ]
] ]
] ]
20 ] 1
[] ]
10 L] 1
] 1
] ]
0 T LI} ¥
4 § a6 7 8 9 10 11 13 13 14 15 16 17 18 19 20
] ]
' Day .
] ]
' ——T —-RH 1
T T

3 3 3
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o 1024 s 1024 102 102 s 102 o 102 102
5 5 E & H
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—r L& —  ybo-Yooli Hyb 1- Y Col 1 Hyb 2- Y Col 1 Hyb 3- Y Col 1 Hyb 4- Y Col 1 Hyb 5 - Y Col 1 Hyb 6- Y Col 1
Input Noise Ratio input § 3 5 3 5 3 3 5
5 £ 5 £ 5 £ 5
Hyb 7 -'Y Col 0 Hyb8-Y (2 z 2 2 E z 3 z
5 5 o 1024 s 1024 2 1024 s 1024 2 1024 s 1024 o 1024
£ £ @ @ @ @ & @ &
2 H §
o 1024 o 1024 768 768 768 768} 768 768} 768
@ @
768} 769 s12t & 512 512 . 512} 512 & 512} 512
512 512 256 2561 256 25 256 25 256
2561 2561 7 1 13 16 19 7 1 13 16 19 7 1 13 16 19 7 1 13 16 19 7 1 13 16 1.9 7 1 13 16 1.9 7 1 13 16 1.9
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn Input Noise Ratio Input Noise Ratio Input Noise Ratio
F N | ¥ Hyb 7 -Y Col 1 Hyb 8- Y Col 1 Hyb9-Y Col 1 Hyb 10 -Y Col 1 Hyb 11-Y Col 1 Hyb 12-Y Col 1 Hyb 13-Y Col 1
7 1 13 16 1.9 7 1 18 3 3 3 5 3 3
Input Noiso Ratio nput € £ £ £ £ £ £
2 2 2 H 2 2 2
o 1024 o 1024 o 1024 o 1024 o 1024 o 1024 o 1024
@ @ @ @ @ @ @
512 512 512 512} 512 512} 512
256 256 2568 2561 256 2561 256
7 1 13 16 19 7 1 13 16 19 7 1 13 16 1.9 7 1 13 16 1.9 7 1 13 16 1.9 7 1 13 16 1.9 7 1 13 16 1.9
Input Noise Ratio Input Noise Ratio Input Noise Ratio Input Noise Ratio Input Noise Ratio Input Nois Ratio Input Noise Ratio

Barrel Support Strueture
el 1} i

Stave Rec

eption Box

October 3 October 10




Summary

The ITk project deep into pre-production phase with
® assembly and testing of first pre-production staves at
Brookhaven National Laboratory

®  Overall good electrical performance of staves at room and cold
temperature.

Unexpected Cold Noise effect found during module testing.
® Experts are working to understand the source while mitigations
are under study

Good performance of AMACStar Chip for on-stave monitoring
of temperature and current measurements

CPAD 2022 - Francesca Capocasa (Brandeis University)
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Experlence and results of the ATLAS ITK pre-production
staves at Brookhaven National Laboratory
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BNL Pre-production staves

2. | & AeroTech 3XYZ stage |
Assembly Station with XYZ stage mounted on Granite Table B R oA =

holds a 10-megapixel camera and a glue dispenser : T o ‘ (LA

ot \

Fiducial marks on sensors and reference points on stave core are
used to reconstruct modules positions

Precision mounting bridges allow to locate modules with ~50 um
accuracy

Thermal conductive and radiation-hard glue is used to hold the
module in place

Ramping up to production rate with assembling 1 : g brid J
side of the stave/ day : ’ e
Optimized glue pattern for both LS and SS
modules

Module placement accuracy better than 50 um
All stave QC (metrology, final survey) in place,

not fully finalized

CPAD 2022 - Francesca Capocasa (Brandeis University)



BNL Pre-production staves

EROOKNEVIN ~

Software for glue iy | Automatlc gluing dlspensmg iﬁ . Precise module positioning =
dispensing/module P S with mounting bridges
alignment ’ g

=

CPAD 2022 - Francesca Capocasa (Brandeis University) AT LAS ITk




Results Pre-production stave

400

Tstave = 23.9 C, -35C
Vbias = - 400 V
> Second PP stave built at BNL
* Input Noise response for the 14 modules on one side of the |
first pre-production stave '
 Good overall stave performance at room and cold
temperatures except for Cold Noise issue
> Promising results: No Cold Noise observed on stave for a
module with higher glue thickness
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1400 ' Tchuck (Tchiller)
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AMAC - HV return current measurements

1400
>

«  AMAC provides a mechanism for measuring the HV sensor bias 1200 NI . g
return line 7 f,,» O G S S > Mod 0
*  Monitoring the leakage current in the silicon sensors £1000 ; >i-Modl
become significant during operation, when higher current is c > Mod3
expected due to radiation damage o 800 Su
«  Current measurement on stave modules are close to expectations = > oS
; 600 s P > > > > » Mod 8
o ybb: ’: > > > > : |3 » : P Mod9
< > > > > > »  Mod 10
< 400 g" G > Mod 11
g > > > Mod 12
," > > Mod 13

200 > % x> 2 > B E bk

ﬁgggsisssizf

0 G S S N .
0 100 200 300 400 500 600 700

Module with Prototype AMAC

Bias Voltage [V]

IVIVUUILC VViILLd

Mmavimnvceouolul

800

Mu = 424.27 ACD Counts, std = 97.93 ADC Counts

Mu = 102.58 ACD Counts, std = 5.84 ADC Counts

40

30

Entries

*  HV return current measurements with prototype AMAC have shown
to be deteriorated by noise induced by AC coupling capacitors
between HV ret and hybrid ground

10

200 300 400

500
ADC Count

600

16
14
12

Entries

o N b O ®

90

95 100
ADC Count
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MASTER SIDE

e B LH:.. | PBNTC | bPOL |

U of [
.\EiYNTC

Temperature [C]

If we look at the metrology results of these modules, in particular to
the glue thickness in position PB5 (see arrow on PB picture) we can = - T PR
see how this affect the temperature measurements seen above. BB il
Note: Module 6 not pushed all the way down during loading |

BNL LBNL
MOD 8 PB_5: 144.21 um
MOD 9 PB_5-58.92 um MOD 4 PB_5 :70.0 um MOD 0 PB_5:75.43 um
MOD 10 PB_5: 67.17 um MOD 5 PB_5:227.27 um MOD 1 PB_5:66.21 um
MOD 11 PB_5: 43.27um MOD 6 PB_5:108.64 um MOD 2 PB_5:89.70 um
MOD 12 PB_5: 86.66 um MOD 7 PB_5:171.97 um MOD 3 PB_5:64.47 um
MOD 13 PB_5: 84 .32um




Goal is to have relative humidity less than 20% during shipping (and hopefully longer during storage at CERN)

RH for last four staves shipped BNL to CERN

All were shipped in Trespa transport frames

FDR Stave <20% Trespa plate is made by

PPA1 <30% compressing impregnated paper or wood fibers
PPB1A <20% and epoxy, phenolic or polypropylene resin at
PPB2A ~30% high pressure and high temperature.

Assumes absorbs (and then outgasses)
moisture.

There is a new design for transport box. With regards to relative humidity...

* Advantage: Made of aluminum. Should not outgas moisture like Trespa ( though there can be some surface
moisture that evaporates)

* Disadvantage: Was designed primarily for stave insertion, not shipping. Therefore does not permit the
amount of desiccant BNL requested, roughly 1/3 of what we wanted.

* Moisture during shipping is a balance between moisture outgassing (likely mostly from stave itself in new
frame) vs absorption by desiccant. Time will tell how well we do.

. 0oooon
Q00000
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bPOL12V

AMACStar » Radiation hard buck converter
* Enables/Disable DCDC » 11V input, 1.5V output
GaNFET > Measure Voltage, Currents > Air-core coil
Allows the isolation of a failed and Temperatures * 100 pm Al shield to prevent EM noise
sensor in breakdown connected LinPOL12V leakage
to the sar_nle GH \IIV:I:'; usmtgh » Radiation hard linear regulator
commercial Ga switc + 11V input
> 1.4V output for AMACStar
» 3.3V output for HV switch enable
IS Tt gl
= - : | x‘
Z ; J
HVFilter | HVswitch | Measurement& | pDC-DC conversion

Control

CPAD 2022 - Francesca Capocasa (Brandeis University) AT LAS ITk
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required signal-to-noise = 10:1 with measured signal at max fluence

ITk-2021-003

— > — T T T T : T T >
o, i ©1.02F ATLAS ITk Strips 2
3 - .0 [ Irradiated Short-Strip module 2021 g
S - L2 1.01 [ Sensor neutron irrad. 1.05 - 105 1 MeV neg/cm? 3
Z 1000 i " | Readout 58 Mrad X-rays {10° 8
— l_‘ ‘ ‘ . ) 3 q,
- ®-- 1.00 !i & rerOveLy 0
B 0o~ [ i 0‘:::\ 2R )
800— 2 ; o\ =
L » --0 0.99 = — i : 0;&,.;;.05.07’\\ ] 1
- - . | ¢ .' oY% -
L ¢ _.- [ KR 0’&,5.?.50,; \ 110
600| ¢ .QF‘“ o 0.98} i ¢ ABC4 efficiency
L wT" 4+ [ Y ABCS efficiency
GEREEE i | 0.97F : 410 ¥ NO Pedestal ABC4
400/— j B NO Pedestal ABC5
- QO  ABCStar module with ATLAS12-EC D ABCStar module with ATLAS17-LS 0 96 I ﬁ 2 R Landau_”ke Flt
- A ABCStar module with ATLAS12-8S - == e Fit to modules : I~ N . .
- ’ ABCStar RO module with ATLAS12 @ ABCStar R1 module with ATLAS18 : ___________________ t. _________ -3 Landau-like Fit
200 [ ABCStar R2 module with ATLAS18 ’ ABCStar R3L module with ATLAS18 0.95 A | 72ssesssesess .‘.‘ 110 —— 99%, requirement
- ’ ABCStar RIR module with ATLAS18 ’ ABCStar R4L module with ATLAS 18 ‘ o o% ... .
ABCStar RAR module with ATLAS18 @ ABCSiar RSL module wih ATLAS 18 L 0:0:0:0:0:02;4:0:0:0:0 ---- 1e-3 requirement
- r QRLILRLRRKS , . .
Degatetess’ asesesess:
@ ABCStar RSR module with ATLAS 18 0.94F :::: ;::.’0‘::::::::::::: Y774 Operat|0na| Window
00 L1 # L1 é L1 é L1 41' L1 é L1 é T 0:0 N N X 0,2 . N ‘\'0'0’0‘0'0’0.0.‘ 016 X X X 0,8 10—4 NN\ Operational Window

7 }
sensor strip geometry = C,, [pF] Threshold [fC]

¢ Strips modules are expected to satisfy through their
entire lifetime:

» Signal-to-noise ratio (SNR) at least 10:1
» Measure SNR after radiation within requirement
» Hit Efficiency > 99% and Noise Occupancy < 0.1%

> Plot on the right shows clear operational window
[0.33-0.55 fC] for module irradiated to end-of-life dose

Module built from a
neutron irradiated
sensor and X-ray

irradiated electronics

0oooon
Q00000
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CPAD 2022 - Francesca Capocasa (Brandeis University)

26

ATLAS




| | ]
Hyb 0- X Col 0 Hyb 1 - X Col 0 Hyb2-X Col0 Hyb3-X Col0 Hyb 4 -X Col0 Hyb 5-X Col 0 Hyb 6 - X Col 0
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
— — H £ £ £ £ £ £
H 2 H 2 2 2 2
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& @ @ 3 ] 3 &
768 768 768 768 768 768 768
2 9 C 3 C o
512 512 512 512 512 512 512
— -
| stave 4. ) /
256 256 256 256 256 256 256
. —
— 0 0 0 0 0 - 0 - 0
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7 - X Col 0 Hyb 8 - X Col 0 Hyb 9 -X Col 0 Hyb 10 - X Col 0 Hyb 11 -X Col 0 Hyb 12 - X Col 0 Hyb 13 - X Col 0
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
H H H H H 2 2
E £ £ € € E H
5 5 5 5 5 5 5
H 2 2 2 2 H 2
£ 1024 £ 1024 £ 1024 o £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ 3 H @ @
| | 768 - 768 768 . 768 : 768 768 768
§ -
i 512 [ - 512 512 512 512 T 512 512
£
:
256 256 256 256 256 256 256
L 0 L 0 L o L 0 L o L o L
25 5833 11917 180C 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 180C 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 0 - X Col 1 Hyb 1 -X Col1 Hyb2-X Col 1 Hyb 3-X Col 1 Hyb 4 - X Col 1 Hyb 5-X Col 1 Hyb 6 - X Col 1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
2 2 2 2 2 2 2
E E E E E £ E
H 2 2 2 2 H H
H £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
e InputN for the 14 modul the MAIN ; ; ’ ; ; ; ;
Nput NoIse response 10r the oaules on tne s s s s s s s
SI de 768 768 768 768 768 768 768
. . 512 512 512 512 512 512 512
* Input Noise analyzed independently for the two row of
t . 256 256 256 256 256 256 256
p 0 - 0 - 0 - 0 L 0 - 0 - 0 -
- - - - -25 5833 1191.7 180C -25 5833 1191.7 1800 -25 5833 1191.7 1800 -25 5833 1191.7 180C -25 5833 11917 1800 -25 5833 1191.7 1800 -25 5833 11917 1800
[ N f I d t f Id N Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
oiIse protlie good exce or Co olse ISSsue
Hyb 7 - X Col 1 Hyb 8 - X Col 1 Hyb9 - X Col 1 Hyb 10 - X Col 1 Hyb 11 - X Col 1 Hyb 12 - X Col 1 Hyb 13- X Col 1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
H H H H H 2 2
£ £ £ £ £ E E
5 5 5 5 5 5 5 -H-
2 2 2 2 2 H 2
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ @ H @ @
768 768 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
0 0 L 0 L 0 . 0 L 0 L 0 L
25 5833 11917 180C 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1e0C 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)

———— ole[ele[s]s]

s[ele[ole]o
ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University) 27 AT LA ITk




PPB-1B - Production Site

MAIN SIDE

* Input Noise response for the 14 modules on the MAIN

side

* Input Noise analyzed independently for the two row of

strips

* Noise profile good except for Cold Noise issue

Tstave

24.9 C,

Vpias = - 400 V

-37 C

Strip Number

Strip Number

Strip Number

Strip Number

HybO Y Col0 Hyb1-Y Col0 Hyb2-Y Col 0 Hyb3 Y Col 0 Hyb4 Y Col0 Hyb 5-Y Col 0 Hyb 6-Y Col 0
5 1280 5 1280 5 12 5 128 5 1280 5 1280
3 3 3 3 3 3
E E E E E E
5 5 5 5 5 5
z z z z z z
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & & & & &
768 768 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
0 L 0 0 0 0
25 5833 1191.7 1800 -25 5833 11917 1800 -25 5833 11917 1800 -25 5833 1191.7 1800 -25 5833 11917 1800 25 5833 1191.7 1800 -25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb7-Y Col0 Hyb8-Y Col 0 Hyb9-Y Col 0 Hyb 10 -Y Col 0 Hyb 11 -Y Col 0 Hyb 12 -Y Col 0 Hyb 13-Y Col 0
1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
2 2 2 2 2 2
E } E E E £ £
5 5 5 5 5 5
2 H 2 2 2 2
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & & @ & @
768 768 768 768 768 768 768
512 . 512 XA 512 - 512 . 512 s 512 512 raz e
256 256 256 256 256 256 256
0 0 L 0 L 0 L 0 L 0 L
-25 5833 1191.7 1800 -25 5833 11917 1800 -25 5833 11917 1800 -25 5833 1191.7 1800 -25 5833 11917 1800 -25 5833 1191.7 1800 -25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb0-Y Col1 Hyb1-Y Col1 Hyb2-Y Col1 Hyb3-Y Col1 Hyb 4-Y Col1 Hyb5-Y Col1 Hyb6-Y Col 1
1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
3 3 3 3 3 3
E E E E E E
5 5 5 5 5 5
z z z z z z
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & @ & @ &
768 768 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
0 0 - o o= o 0 0
25 5833 11917 1800 25 B3 11917 1800 - 03 11917 1800 25 5833 11917 1800 - 3 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Inpu1 Noise (e-) Input Noise (e-) Inpui Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7-Y Col 1 Hyb 8-Y Col 1 Hyb9-Y Col 1 Hyb 10-Y Col 1 Hyb 11-Y Col 1 Hyb 12-Y Col 1 Hyb 13 -Y Col 1
1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
H H H H H H
E £ £ £ £ £
5 5 5 5 5 5
2 2 2 2 2 2
1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ & @ & & @
768 768 768 768 768 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
L L L L L

0
25 5833 11917 1800
Input Noise (e-)

-25 5833 11917 1800
Input Noise (e-)

0
25 5633 11917 1800
Input Noise (e-)

[
25 5833 11917 1800
Input Noise (e-)

0
25 5833 11917 1800
Input Noise (e-)

3 11917 1800
Input Noise (e-)

ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University)

AT LA_WITHID(E

25 5833 11917 1800
Input Noise (e-)




| | ]
Hyb 0-X Col 0 Hyb 1 -X Col0 Hyb 2-X Col 0 Hyb 3-X Col 0 Hyb 4 - X Col 0 Hyb 5- X Col 0 Hyb 6 - X Col 0
g 1280 g 1280 g 1280 g 1280 g 1280 g 1280 g 1280
— — ] ] ] E ] E ]
5 5 5 5 5 H H -
H 2 H 2 2 2 2 R S
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 o £ 1024
0 »n »n 1z 1z »n 1z -
768 768 768 768 768 768 768
T e
512 e 512 512 512 512 512 512
stave — =
256 256 256 256 256 256 256
V 1 — - 4 V 0 L 0 L 0 L 0 L 0 a 0 0
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7 - X Col 0 Hyb 8 - X Col 0 Hyb 9 - X Col 0 Hyb 10 - X Col 0 Hyb 11 -X Col 0 Hyb 12 - X Col 0 Hyb 13- X Col 0
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 & 1280
5 5 - 5 5 - 5 B 5 B 5
E E £ E E £ E
5 5 5 5 5 5 5
2 2 2 2 - 2 2 2
£ 1024 2 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & - & & - & & &
| 768 768 ke - 768 768 768 768 768
T .
= - - .
2 512 512 512 512 512 512 512
H . -
£
: . .
256 256 256 266 256 256 256
0 0 L 0 0 L 0 0 L 0 -
25 5833 1191.7 1800 -25 5833 11917 1800 -25 5833 11917 1800 -25 5833 1191.7 1800 -25 5833 11917 1800 -25 5833 1191.7 1800 -25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 0 -X Col 1 Hyb1-X Col1 Hyb2-X Col1 Hyb 3-X Col1 Hyb 4 - X Col 1 Hyb 5-X Col 1 Hyb 6 - X Col 1
1280 1280 1280 1280 0 1280 1280

1024 1024 1024 1024 1024 1024

* Input Noise response for the 14 modules on the
SECOND Side 512 : 512 512 512 512 512 512

Strip Number
Strip Number
Strip Number
Strip Number
Strip Number
Strip Number
Strip Number

256 256

* Input Noise analyzed independently for the two row of
strips e ° ey % : :

25 5833 11917 1800 25 B3 11917 1800 25 sea3 11917 1800 25 5833 11917 1800 - 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) *iput Noise (o) Input Noise (e-) *iput Noise (o) Input Noise (e-) Input Noise (e-)

® Noise prOﬁIe gOOd except for COld NOise issue Hyb 7 - X Col 1 Hyb 8 - X Col 1 Hyb 9 - X Col 1 ‘zr;gbm-x Col 1 12I;a|gb11-)( Col 1 ‘zggmz-x Col 1 ‘zlggbw-)( Col 1

5 1280 5 1280 5 1280 - - - -
2 . H 3 = H - H - H - H
£ £ £ £ £ £ £
5 5 5 5 5 X 5 5
2 R 2 2 . 2 . 2 . 2 B 2
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& H & . H . H . H N H
768 768 768} 768 768l 768} 768
si2f 512 si2f si2f si2f si2f 512
2856 256 286F 2s6f 2s6F 256 256
ol— L 0 L ol— L ol— L ol— ol— L ok L
o5 seaa 1017 1800 T2 ssa3 11917 1800 o5 se3a 11017 1600 25 sesa tie17 1800 o5 g 11017 1600 25 sasa tie17 1800 s833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) nput NDISG (e) |I'|p|.ll Nolse (B )

ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University) AT LA Tk



u u Hyb0-Y Col 0 Hyb1-Y Col0 Hyb2-Y Col 0 Hyb3-Y Col0 Hyb 4-Y Col 0 Hyb5-Y Col 0 Hyb 6-Y Col 0
g 1280 g 1280 g 1280 g 1280 g 1280 g 1280 g 1200 —
— — H H H H H H H -
2 2 2 2 2 2 2 .
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ @ @ @ @ -
768 768 768 768 768 768 768

SECOND SIDE Tstave=24.9 C, -37 C J0 .

256 256 256 256 256 256 256
V 1 — - 4 V 0 L 0 L 0 0 0 a 0 . 0
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb7-Y Col0 Hyb8-Y Col0 Hyb9-Y Col0 Hyb 10-Y Col 0 Hyb 11 -Y Col0 Hyb 12-Y Col 0 Hyb 13-Y Col 0
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
2 R 2 2 - 2 2 2 2
£ £ £ £ £ £ £
2 2 2 2 2 2 2
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
12 - 12 2] »n 17 »n 17
eap 768 768 768 768 768 768
o o
=] =] - -
st2f -¢" 512 512 512 512 512 512
= =] . - -
o = - 33 .
= = 256 256 256 256 256 256 256
0 L ol— L ol— 0 0 L 0 L 0 L
25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb0-Y Col1 Hyb1-Y Col1 Hyb2-Y Col1 Hyb3-Y Col1 Hyb 4-Y Col1 Hyb5-Y Col1 Hyb6-Y Col 1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
3 3 3 3 3 3 3
E E E E E E E
5 5 5 5 5 5 5
z z z z z z z
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
. & & & @ & @ &
* Input Noise response for the 14 modules on the
u I u
768 768 768 768 768 768 768

SECOND Side 512 512 512 512 512 512 512
* Input Noise analyzed independently for the two row of
strips ! . . BN U R U R | U [

. . . . Input Noise (e-) Input Noise (e-) Snput Noise () Snput Notse () Saut Notse (@) Input Noise (e-) Toput Noise (63
° Noise prOflle gOOd excep’[ for Cold Noise issue Hyb7-Y Col1 Hyb8 - Y Col1 Hyb9 - Y Col1 Hyb10-Y Col1 Hyb 11-Y Col 1 Hyb 12- Y Col 1 Hyb 13- Y Col 1
+ 1280 + 1280 + 1280 » 1280 + 1280 » 1280 » 1280
2 - 2 2 - 2 2 2 2
: : : : : : :
5 5 5 5 5 5 5
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
&» @» &» - » - » » - »
768 768 768 . 768 . 768 768 . 768
512 512 512 512 512 512 512
256 256 256 . 256 . 256 256 . r 256
. . . . . . . . . . oL . .
Input Noise (e-) Input Noise (e-) Input Noise (e-) |np|.l1 Noise (e-) Input NOIBG (&) |np|.l1 Noise (e-) |I'|p|.ll NOISG (B )

ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University) AT LA ? ITk



u u Hyb 0 - X Col 0 Hyb 1 - X Col 0 Hyb 2 - X Col 0 Hyb 3 - X Col 0 Hyb 4 - X Col 0 Hyb 5 - X Col 0 Hyb 6 - X Col 0
g 1280 g 1280 g 1280 g 1280 g 1280 g 1280 g 1280
— — H H H H H H H
H 2 2 9 2 2 2 - 2 1
£ 1024 £ 1024 - £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ @ @ @ @
.. -
768 768 - 768 Tt 768 768 768 768
- S L.....
MAI N SI D E 512 512 FW - 512 F 512 512 512 512
. — - ’ -
—— i 1
Co I d Te p 1as 256 256 256 256 256 256 256
0 L 0 L 0 L 0 0 L 0 L 0 L
25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 533 11917 1800 25 5833 11917 1800 25 533 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7 - X Col 0 Hyb 8 - X Col 0 Hyb 9 - X Col 0 Hyb 10 - X Col 0 Hyb 11 - X Col 0 Hyb 12 - X Col 0 Hyb 13 - X Col 0
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
. . H H H H] 2 H] H]
£ E E £ E € E
5 5 5 5 s 5 £
Input noise comparison for all the modules on MAIN : : : . : : :
£ 1024 £ 1024 £ 1024 - £ 1024 £ 1024 £ 1024 e £ 1024 Rt
1z 1z 1z 1z 1z 1z 1z
H ..
side when ON and OFF the stave I O wl b
512 512 512 512 R 512 512 F‘ 512
O N - 3 ; C i [ i
L I stave 256 256 256 - 256 256 . 256 256
o . o . o . . o A o A o .
T 35 5/ q O C 25 sa3 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 s 11917 1800 25 5833 11917 1800 25 s 11917 1800 25 5833 11917 1800
— - It Nica a1 It Nica a1 It Neic 2.\ It Nica 2.\ Inmit Neic 2.\ Inmit Nica 2.\ Inmutt Neic 2.\
| OFF—Stave ChUCk . Hyb 0 - X Col 1 Hyb 1 - X Col 1 Hyb 2 - X Col 1 Hyb 3 - X Col 1 Hyb 4 - X Col 1 Hyb 5 - X Col 1 Hyb 6 - X Col 1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
2 2 2 2 2 2 2
E E E E E E E
5 H 5 5 5 5 5 5
z z z z z z z
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ @ @ @ @
768 768 768 768 768 768 768

« Some modules show higher noise when tested at
production Sites 256_}1 256 256 256 256 256 256
« It doesn’t appear that cold noise is reduced on stave 1k J i1 i J L. 1 Li. ] L. ]

3. 3.3
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)

. . y . .
(] There are reg|ons ‘that d|dn t ShOW nO|Se |n COId bOX bu‘t s 128|—0|yb7-x<:o|1 ; |2£yb8'x°°'1 ; 128Hoybs)-xt:on ; ‘zggbm-xcm ; 12;!(]yb11-XCol1 s ‘zl;oyb12-XCoI1 s 1221(]yb13-XCoI1
. £ £ £ £ ’ £ £ £ .
do ShOW On Stave and VICe Ve rSa E‘ 1024 E‘ 1024 E‘ 1024 E‘ 1024 E‘ 1024 E‘ 1024 E‘ 1024
@ @ @ @ @ @ @
768 768 768 768 768 I 768 768
512 512 512 512 512 512 512
256 256 256 256 256 256 256
o A o A o A o A o N o A o N
25 s tiet7 1800 25 ss3 11917 1800 25 sess tiet7 1800 o5 s tiet7 1800 25 sess tiet7 1800 25 s tiet7 1800 25 sess tiet7 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)

A< oononon
_— oooooo

ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University) 31 AT LAS ITk




u u Hyb 0 -Y Col 0 Hyb1-Y Col0O Hyb2-Y Col0 Hyb3-Y Col 0 Hyb 4 -Y Col 0 Hyb 5-Y Col 0 Hyb 6 -Y Col 0

g 1280 g 1280 g 1280 g 1280 g 1280 g 1280 g 1280
— — H H H H H H H
2 2 2 2 2 2 2

£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
@ @ @ @ @ @ @

768 768 ‘ 768 768 768 768 768

MAI N SI D E 512 512 512 E 512 o 512 512 SU 512

. — s
b 1as - 256 256 256 256 256 26| 4 256
Cold Temp - pre = -
0 0 . 0 . 0 . 0 0 . 0 .
25 533 11917 1800 25 583 11917 1800 25 5833 11917 1800 25 593 11917 1800 25 5833 11917 1800 25 5893 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7 - Y Col 0 Hyb 8 - Y Col 0 Hyb 9 - Y Col 0 Hyb 10 - Y Col 0 Hyb 11 -Y Col 0 Hyb 12 -Y Col 0 Hyb 13 - Y Col 0

5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
2 2 2 2 2 2 2
Input noise comparison for all the modules on MAIN : : : : : : :

£ 1024 £ 1024 £ 1024 £ 1024 [ £ 1024 £ 1024 £ 1024
1z 1z 1z 1z 1z 1z 1z

Side When ON and OFF the Stave 768 768 768 768 1 768 768 768

- . L
512 - 512 ALy LR 512 — 512 k‘.‘— B 512 e . . 512 512 L—-»

I ON Tstave = -37 C S S0 L a ] ol |
—

o . N o . N o o . o .
T 35 5/ O C o5 5833 11917 1800 o5 5833 11917 1800 o5 5833 11917 1800 25 5833 11917 1800 o5 5833 11917 1800 25 583 1917 1800 o5 5833 11917 1800
OFF—Stave ChUCk . Hyb 0 - Y Col 1 Hyb 1-Y Col 1 Hyb 2 - Y Col 1 Hyb 3 - Y Col 1 Hyb 4 - Y Col 1 Hyb 5- Y Col 1 Hyb 6 - Y Col 1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
i i i i i - i i
E E E E E . E E
H 2 H 2 2 2 2
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & & & & & &
768 768 768 768 768 768 768
. . 512 512 512 512 512 512 512
« Some modules show higher noise when tested at ,
. . 256 256 256 256 256 256 256
production sites 2
0 1 0 Il 1 0 Il 1 0 I 1 0 - 1 0 1 0 I 1

-25 5833 11917 1800 -25 5833 11917 1800 -25 5833 11917 1800 -25 5833 11917 1800 -25 5833 11917 1800 -25 5833 11917 1800 -25 5833 11917 1800

It doesn’t appear that cold noise is reduced on stave

Hyb 7 - Y Col 1 Hyb 8 - Y Col 1 Hyb 9 - Y Col 1

I
<

. . . . + 1280 + 1280 + 1280 + 1280 + 1280 » 1280 + 1280
. 'h [ idn’ W noise i X £ { f { f { f
ere are regions tha n’'t show noise in co ox bu : : : : : : :
2 2 2 2 2 2 2

. £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
do show on stave and vice versa i i ; ’ i ’ ’

768 768 768 768 768 768 768

512 512 512 512 512 512 512

256 256 256 256 256 256 256

0 1 0 1 1 0 1 0 l— 1 0 1 0 1 0 n 1
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)

A< oononon
_— oooooo

ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University) 32 AT LAS ITk




u u Hyb 0 - X Col 0 Hyb 1 - X Col 0 Hyb 2 - X Col 0 Hyb 3 - X Col 0 Hyb 4 - X Col 0 Hyb 5 - X Col 0 Hyb 6 - X Col 0
g 1280 g 1280 g 1280 g 1280 g 1280 g 1280 e
— — H H H H H H H
2 2 2 2 2 2 b 2 - B
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 ‘ T | £ 1024 o £ 1024
@ @ @ @ @ @ 1 @ .
768 . 768 768 = 768 768 - 768 g 768

-

SECOND SIDE _ 512 el IS 512 512 512 512 B st2f
Cold Temp Vblas =-400V l

0 L 0 L 0 L 0 L 0 L 0 L 0 . L

)

25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb 7 - X Col 0 Hyb 8 - X Col 0 Hyb 9 - X Col 0 Hyb 10 - X Col 0 Hyb 11 - X Col 0 Hyb 12 - X Col 0 Hyb 13 - X Col 0

5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
. . 2 - 2 - 2 2 - 2 - 2 - 8
I n -t € € € € € € €
s s s s s s s
put noise comparison 10r a € modules on : : : : : : :

£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
1z 1z 1z 1z 1z 1z 1z

768 768 768 . A 768

B SO
. . IR S
512 512 512 F{‘ 512

— ON Tstave = '37 C oo ol 2o ol ol
|

SECOND side when ON and OFF the stave B N S S

512 it 512 512

0 0 0 0 0 0 0
3 / O C 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800 25 5833 11917 1800
— Innit Nniea fa-) Innit Nniea fa.) Innit Nniea /a.) Innit Nniea fa.) Innit Nniea /a.) Innit Nniea fa.) Innit Nniea fa.)
I — = 5 5 4
OFF—Stave ChUCk . Hyb 0 - X Col 1 Hyb 1 - X Col 1 Hyb 2 - X Col 1 Hyb 3 - X Col 1 Hyb 4 - X Col 1 Hyb 5 - X Col 1 Hyb 6 - X Col 1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
H i H i 2 i ]
E E E E E E E N
£ £ £ £ £ £ £
z z z z z z z
£ 1024 £ 1024 ‘ £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
H H H H H H H

768 768 768 768 768 768 768

« Some modules show higher noise when tested at 31
production sites
° It doesn’t appear that cold noise is reduced on stave LS T MRS T e T TR T TaELd TR L

256 256 256

° There are regions that didn)t ShOW noise in Cold bOX but g 128}-U|yb7-)(CoI1 g ‘zagbe-XCOH g 128Hobe.-XCoH -\§- ‘2{8—10yb10-x<:o|1 -‘g 12Igoybﬁ-XCoH g ‘zlgoyb12-XCoI1 -\§- |2§gb13.XCOI1
do ShOW On Stave and Vlce Versa -§1024 §1024 -§1024 -';1024 -§1024 §1024 §1024

 Mod pos 27 - LBNL module with raised PB and hybrids o e e - . e

si2f si2} si2f si2f si2f si2f 512
286F 2561 286 286 286 286 256
0 1 0 . 1 0 il 1 0 s 1 1 0 - 1 0 - 1 0 1 1
o5 sss 1o 1300 “25 sesa 11o17 1a00 o5 sess trer7 160 o5 sss 1o a0 o5 sess 1rer7 160 o5 s tier7 a0 o5 sess 1rer7 180
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)

A< xoononon
_— oooooo

ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University) 33 AT LAS ITk




u u Hyb0-Y Col0 Hyb1-Y Col0 Hyb2-Y Col0 Hyb3-Y Col0 Hyb4-Y Col0 Hyb5-Y Col0 Hyb6-Y Col0
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 —
- - Froauction oite : : : : : : :
H 2 H 2 2 2 2
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 h £ 1024
& & & & & & &
768 768 768 768 - 768 768 768
‘iz ..
SECON D SI DE 512 512 st2f e 512 512 i i 512 Fl 512
—
. .
co I d Te m VblaS - 4 O O V 256 256 256 256 256 256 EE I
p 0 L 0 L 0 L 0 L 0 L 0 L ol— L
2 sa3 o7 @0 2 833 1917 100 25 S0a 1117 100 25 03 1917 100 25 5830 11917 180 25 533 1917 100 25 583 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
Hyb7-Y Col0 Hyb8-Y Col0 Hyb9-Y Col0 Hyb 10-Y Col 0 Hyb 11-Y Col0 Hyb12-Y Col 0 Hyb 13-Y Col 0
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280
1 1 H H H H H H H
Input noise comparison for all the modules on : : : : : : :
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
. 12 B 12 2] »n 17 »n 17
SECOND Slde When ON and OFF the Stave 1 o8t 768 G I e8| o8} ! 768
512 :1}.":." - 512 si2| - si2f E:: ] si2f si2f %‘:" 512
| ON TStave — -37 C 256 Ir e 256 1 256 £, 256 1 256 256 } 256
ol— L 0 L 0 L 0 L o— L 0 L 0 -
2 sm3 1otz f@0 2 03 1917 100 25 S0 1ie17 1800 25 03 1917 100 25 5800 11917 180 25 S8 1917 10 25 5833 11917 1800
] OFF—Stave ChUCk - . Hyb0-Y Col 1 Hyb 1-Y Col 1 Hyb2-Y Col 1 Hyb3-Y Col 1 Hyb 4 -Y Col1 Hyb5- Y Col1 Hyb 6 - Y Col 1
5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 5 1280 —
£ £ £ £ H £ £
H 2 H 2 2 2 2
£ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & & & & & &
768 768 768 768 768 768 768
. . 512 I 512 512 512 512 ‘ 512 512
 Some modules show higher noise when tested at 1
. . 256 256 256 256 256 256 256
production sites t} _
0 . 0 . 0 . 0 L 0 . 0 . 0 .
° It do esn ’t appe ar th at COId nOI se I S red uce d on St ave F hputNose@r . CheutNoseer 7 Chputhoise@r 0 ChputNoseey . lputNose@r ClputNose(ey . inputNoise(e)
12é'|oyb7-V Col 1 ‘zal'ébe-Y Col 1 12&-:]yb9-¥ Col 1 ‘zgoyb‘]O-Y Col 1 1zlgoybﬂ-V Col 1 ‘zf;gb12-v Col 1 ‘zlggb 13-Y Col 1
. . , . . N - 5 - . - 5 - 5 - 5 - 5
 There are regions that didn’t show noise in cold box but
. £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024 £ 1024
& & & & & & &
do show on stave and vice versa . . _
. . . 768 78} 768 78 78} 768 768
 Mod pos 27 - LBNL module with raised PB and hybrids . . .
512 si2f 512 si2f si2f 512 512
256 os6) 256 a6l ol 256 256
o A Py . Y - o A o A o A o L
T2 sws 1siz w2 sess Usl7 f 2 S9s USl7 10 25 00 USL7 10 25 00 1917 100 25 §G3 1917 180 25 663 11917 1800
Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-) Input Noise (e-)
— oleie elele
Q00000

ATLAS ITk Week - November 2022 - Francesca Capocasa (Brandeis University) 34




