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ATL A 11"@ HL-LHC ATLAS Experiment

ATLASEER : IR FIRFE. BEEROBEAE

/N RO EZEE INE 2 D KB BGE ETE (High Luminosity LHC: HL-LHO)[Z&HhE T
ATLASERHHEZD ANE Z (ID — ITK)

D Inner Detector (ID) RAEMEDRDInner Tracker (ITk)

Strip Barrel Strip Endcap

~2029

Pixel Endcap

Pixel Outer
Barrel

Pixel Inner Layers

“ End-cap semiconductor fracker

F")lw < F4~300 fm™? BRILS/T4~4000 fm™?
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ATLAS ITk ITk detector and ITk module

ITk detector design

ITk module design

Planar : Quad module (single sensor)

Flex
PCB

Sensor

Inrier 2 layers.can.be replaced.

ASIC FE

Charged particle

Larger coverage area .
— Pixel : ID =2.7 m? = ITk=8.2 m? Wire-bonding
— Strip : ID=34 m? = [Tk=165 m?

Higher Forward coverage : n=2.4 - 4.0

A= =)
/ Signal Processing

2023/11/20 EHEIS R 7 LRFZE 42023 3
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ATLA ITk Production Plan for ITk detector

BRI
2023 ! 2025 2026 2027 2028 2029 2030

Mass Production m

2024/4 mass productionBisa

g sook nms?;mumnm F'rellmlzrfiry N Lot ATLAG TR 0008 =

ITk pixel ~10000 modules ig:ﬁ-ﬁ?ﬁ'm; 'i:telei*dﬂlaﬂsl o l:
HZK : 2200 modules (+600) 9 il 5*’#I L1 LT :
«  Outer Barrel (OB) : 1350 modules (+600) EE:ILHI;I’I}III'IH IE:I| ||I|I|I |] JI J IL l‘]r..u
« Outer Endcaps (OE) : 850modules 5EE7___JIJIITI1III1II I_IJI4FI-I"I _ imerSystem]
b S0 foo0 1800 2000 280 3000 3500

2 [mm]
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ATL7-\S 11'd | Tk production site at JAPAN

MREPIC(FEERLEILTH) TITkKEEY A FEILBLEIT
FEV1—ILDMAILTH S ERESEME TIF & A EXID

Assembly Working Desk

Microscope System ;
; ; Climate Chamber

3x CoolingBoxes (installed)
» Inflated up to 7 boxes for production.

X-ray S

etup Preproduction
IF 1 module/B
TEDa—/)L&EED
— 3 modules/H

(ZHE5EF 7E

\ 4

(in a separated Sector)

4ch Stability Test / Thermal Conductivity Test
(System currently at CERN: to be installed)

» ® WB Pull Testing

Mass production
7 modules/H

2023/11/20
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ATL7\S 1("d Module production Process

Sens;or \A% covered by Japanese sites
'/Bare MD#UIE\:\ j Thermal E SgT— J
ASIC Production -> > > > - = Burn-In =
. ) : i Cycling -
/ Assembly Wire Cell Wire Bonding Parylene : Shipping
A ° | Bonding  Loading  Protection  Coating -
PCB '

42.1 X 41.1 mm?

Planer sensor (150um)

=S .o
Wire bonding Wil’é. :
Flex PCB | v
Pixel matrix 400 x 384 1 protec_tlo_n,
152800 pixels per chip Y [ o & g B
Assembly | FrontEnd Chip
bumps

2023/11/20 FHE S R T LAFE L2023



ATLA ITk Module production Process

Sensor \A% covered by Japanese sites
P :
Bare Module
- | - 22 S,

ASIC Production
Wire Cell Wire Bonding Parylene
Bonding Loading Protection Coating

Thermal
Cycling =» Burn-In = —‘f

Assembly

S -

-------------------------------------------------

nnnnnnnn
bl

- MoEuIejig ' ITk pixel module
| (ITkPixV1.1)

.}/ N\ N e ‘
FlexDEMEIZGlueZBEY{FIT
2023/11/20 EHEIS R 7 LRFZE 42023
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INi¥. 0.1 1’d Module production Process

'y

Sensor % _covered by Japanesesites _ _ ..
I
/ \.\A
P i 4 hanaas Thoml
: - - -> cling = Burn-In =»

ASIC Production
Cell Wire Bonding Parylene

- . .

y 4 Loading  Protection Coating
PCB =R R
> — » : ; murvu:”m
'74"(’ R TAvT R B =

7= Chpll o'& 1\1(1 2)

S

- |
[ LA [ L]
[ Ry T »
)

X
hone
s

R4E R
VDDA [ € &

L} O oy
OME X gl
e u

ND ="
| \;d V
\GA3 en Bt

/c\n. 1

ST TT

- ..
~
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ATLA

"~

Sensor

/
Bare Mlodule .
> 4

Production :

ASIC

2023/11/20

ITk

% covered by Japanese sites
é;7+ﬁ!ﬁi§=§ﬁ§!5

/ Assembl Wire Cell Wire Bonding
Y Bonding  Loading  Protection

Thermal |
Cycling

Parylene
Coating

PCB

PIN placement

SHH S R T LFE£2023

Module production Process
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ATLA ITk Module Shipping
%\ % ’.EO.“PI%". by Japanesesites ~
ﬁ/B;‘::dT;?;:e; Q-pj—bﬁ-pg_,g Thermal o

/ Assembl Wire Cell Wire Bonding Parylene Cycling
Y Bonding  Loading  Protection  Coating

E Shipping

J

PCB

------------------------------------------------------------

REPICHASCERNIZESE TOHAME 915 B

— (EEHIRE)1ER 4+ (FREHIE) g 1ERE
$ﬂuL5f~El"— A1lo
* 140 modules/month (7 modules/day)
e 10-11 cases (13 modules /X4 —X)

2023/11/20 A A F LFFE£2023 10
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ATLA 11 Visual Inspection
i e ATYIBICEREE

/Bare N’Iodule ‘ 1 ‘ : —

Production ! Thermal
ASIC Cyclmg =» Burn-In -'-b- ‘

/,‘" Assembly . Shipping

Cell ere Bondlng F’arylene
Bonding Loading Protection Coating

v D2 )lxd)ﬁAk/,JlE(
vV BV a—ILONEESRIE
v’ Wire bonding D2

X T LAE£2023 11
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ATL AS 11'd Electrical module test system

| Module electrical test

AR

Wire Cell Wire Bonding Parylene
Bonding Loading Protection Coating

4
P o

Assembly

- Cooling BoxH

YARR

Module readout system Database

mmmmmmmmm

Plots from
§ analysis LocalDB
Emergency \ = | o . Qc rTsuIts Test results
bottom = C =" /o “ | e T
a ; % A X > o BAD_ANALOG_INTEGRATED 24 10, 153.6) True
THRESHOLD_FAILED_FITS_INDEPENDENT 32 10, 1536 True
HIGH_ENC_INDEPENDENT 3 10. 1536] True
i ==

«<—— Analysis logs

2023/11/20 EHAI S R T LA 2023 === - Scanresilts 12
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Al LA ITk

: Emergency
bottom

2023/11/20

Electrical module test system

MPOD 8008 LAN/Ethernet
LV/HV Power supply

YT IVEE

Arduino
Uno

Pigtail

adapter card g
Pelt|er stage

MHARER

Data
adapter card

Chiller Peltier R
As-One LTB-250a

N

SHH S R T LFE£2023

13
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ATLA 11’'d Readout Chip and test environment

ATLAS FE chip

J - Chip size : 20 X 20 mm?
r 1.4-1.6V
, . Pixel size : 50 X 50 um?
I = DAC
Coni | - Pixel matrix 400 X 384
m | C‘;ﬁ?ﬂ H160M bs
= i iy 5{(_ iy - 152800 pixels per chip
e s ([ - Data bandwidth 4 x 1.28 Gbit/s
5(1)‘:12:11(:.\? 50um  Analog Digital I‘I-l-I H
Pixel rogion: 4x1 \ L[l = - Data encoding 64b66b
Pixel core: 2x8 pixel regions = 8x8 pixels _'- It"f 4 x 1.28Gbs
Pixel core column: 48/42 cores Digital Chip Bottom +
To0k pacls frag B Ohio Multi

Xilinx KC705 Module Adapter
EV1—ILTAMNREE: _

B E {448 25 (MPODE i) M
LV :1=5.88A(EEH), V-~ 2.3V XAk

HV:V=-80V (EEE), | ~ 210 nA \odule readout system

mill

FPGA bord Adapter Cards
2023/11/20 RIS R T LK £2023 14



ATL A 114 Shunt Low DropOut (SLDO) regulator

ITk module : Shunt LDOL ¥ 2 L—43 (SLDO) Z i 51| [ZH&8% L 1= 7E &
> ANEBRZHFTELULIZIEOEZ N & THRE=E Z 114

%
=it
S
'I'ﬁ.

Constant Ve
) —e— VinA —- Temp?'r,amre(NTC)
input current 35 | —e- vinD >
Ruy = l'wi=&h.ml . —,— VDA™ ek h ke "‘-.-.._‘_‘_.." F25
. T Vi ~e- VDDD
Vm l ____________________ " 304 o \ofs
/ in AV.NI ' —e— VrefOVP 20
"""" : v 254 = V¥=0.0831+1.00
V ! \ 4" out
OUf Vo 1= ! ! : E U e T e e e T e e T -ISE
LDO |« ref — > %0 DA =
IL ’S Al ' . ° e
' 1.5 4 pp—y—=
1 2VRer r10
Uil bk Gnd bed And At i s s i e oome oob ande b i e ok ]
L /, " 1.0 1
/' /LS '\ ' i 3
. - N ] 0.5 4
Chip core Shunt 5 ¥ bl
i gnd Vin = Vo 00 ; ; : ; °
lp=1+1= R Vin > W) | [A]
€

2023/11/20 A A F LFFE£2023 15
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ITk

BREBEEDTILFTILYY(IMUXIVMUX)IE ADC DA AI-ft#E
VMUX : 25BFEF+v> 1)L (VDDA,VDDD,

VMUX,IMUX, NTC(; F%_a—)wthﬁ{—ﬁﬁsﬂ(Analog readback test)

I_NTC

1\#

DAC

Monitored

currents

NTC pad

2023/11/20

P

Monitored
voltages {

ADC
— ) [

n/c
%

I_mux
pad

R_IMUX

ﬁ V_mux
pad

.-)

Analog to Digital Converter

VMUX and VMUX pad
Analog voltage multiplexer

IMUX and IMUX pad
Analog current multiplexer

SHH S R T LFE£2023

1.05 A

1.00 A

L2599 | e

VvDDD (V)
=
-
v

1.10 A

1.05 A

1.00 A

Chip sensing and monitoring

VDDA vs Trim Chip 0x15926

| ® VDDA vs trim

=== Nominal VDDA value

—— Fitted line y = 1.655e-02 * x + 1.008e+00

VDDD vs Trim Chip 0x15926

T
10

T
12

14

® VDDD vs trim
- Nominal VDDD value

~—— Fitted line y = 1.724e-02 * x + 1.001e+00

_____________________________________________
/0/
e
/7 .
' g
//
»
//./
/”/
/ ‘.‘/
1l
//.v

' 2
0 2 4 6 8 10 12 14

Trim
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ATLAS ITk Threshold Tuning and Noise Scan

Module: 20UPGM22110427 ThresholdDist-0

Quad Module: 20UPGM22110427 ThreshoIdMap 0_0_500_0_0_0
1750
— 120( I i e o N Y
£ 1 ol - o
& - 5(2) =05 [1 +erf((x ~17849)/(v2 x 83.3))| 1500
§ 100r E 21250 §
-4 i 1 & -
80_ > — 5 1000 & 3000, 9,
g o
g 750 E
= . 7]
60 J‘( H‘ = ZODOE
L . 500 H’ J mi i \ g g =
_ / hobs . :
40 250 f j ' Wi 3 :
" g X
20_ - 0 \‘m e 3 o
b 500 1000 1500 2000 2500 3000 3500 4000 4500
i Threshold [e] . :
0 il g LPUIR, 1 g i . Mo
1000 1500 12000 2500 3000
Qune Charge [e] 50000 Module: 20UPGM22110427 ThresholdDist-0 Quad Module: 20UPGM22110427 ThresholdMap-0_0_300_0_0_0
17500 = i 4 B
15000 f E
& 2 2000
Injection Charge (Q)EEERD | o J After tuning {
: o
/ \ﬁé 7 7 ] 10000 E 1500 O
- A £ 3 o
*EF%D (S Curve) ’rJ 7 J 5 7500 { Fﬁﬁf}ﬁ g
o A el
i - I_ g -y
- PAREMEEZTER | ~= %
2500 1l z g
i J%L g E 500
01000 1200 1400 1600 1800 i .
Threshold [e] s "
) Row
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ATLA ITk Disconnected/bumped failed Scan

Source scan Disconnected bump scan

XEREBST I & U £ LB ERNTE HOX =S DHBEEFIALTAY
FH AN % SH

inject 40ke o Quad Module: 20UPGM22601020 Occupancyiap _

FAH
X-ray Setup HHin
. : o Quad Module: 20UPGM22601020 0cc»upanz€r : >

Crg

i

i I
PG FC 00 88374

Hits
-Hits

llll
!
s o
—

L "ﬂ

-
m
g
~
[=3
{4
=
(2}
(=3
S | '
@ -+ =
£ | St e
8 1 T Y -
- - -
- —, i
ae V0O
3 - I -
g 1 SO
384
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ATLA 11d ssue for ITk mass production

> ZE L— (7 modules/days)
. BFREROFIEY (9FF ~178% : 51 8hFRH)

Electrical test = 1 module ~3B5f&] x 2 (25°C/—15°C) x3[a] > 8 F¥fH]
Wirebonding+ pull test = 2~3E§fE]/module x 7 module/days > 8 f&]
Visual inspection(BEE x5 + 247) : X T v M % < 7module/daysld g L LY

. EERR—ZRDHI#(45m?)

CoolingBox (electrical test system)

> Module -alled( 10/80 modules)

== m. Voo
‘_‘w?\?’ BB 0 1200f--mmrecccmmpsemccecmceccece e
UWANY, 3 ==
Ik EREE
" § x 1
T8 g b
s =) VDDA vs trim
g\l = Nomnal VDDA v
g Fitted ling y = 1

............

bl | T O e 1) m!j

025 Occupanc
et 8
" 3
8
v
? 3
3
H \
W 4 g
: = ]
; 1
= 2
. o
] £
- .
e ne
-.‘
-
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ATLA I'I'k Conclusion

ME 2R DREBUE(HL-LHC)IZ @ [T THRAMRHERZ T v 77 L— R (ITk
B BRI IL—T(F2200E 1 —IILEHEFE,

ITk production[Z[A] [+ THREPICTAEE S A > ZHEIL—Pre-Production T
DEY 21— ILVEEDEFHIA

Assembleh® 5 Electrical 7 X b ,thermal cycleD T X FIREFEH->TLVS

HFEL— bZRLIZFAIFTTCoolingBoxMDEEHR., XU TAFYT S 3
VYA FOBEER(KEK LI K. BRK etc. )

2023/11/20 EHEIS R T LRFZE 42023 20



ATLA

2023/11/20

ITk
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ATLAS I'I'k Failed modules

Qy__a_d Module: 20UPGM22601025 Occupanc

it e
- VDDA vs Trim Chip 0x1427d
3 e R r— » VDDA vs Trim Chip 0x15847
= - 3 8 —=- Mominal VDD& value rd T —
- - 8 1301 Fted line y = 18256-02 % % + L061e+00 - \Eﬁ == |:t
y
: = E ) wsy ISR
3 - 3 =l
§ = p 127 A 1150 - |
: - E _ » Failed
d - 1125 -
3 - - 2 1-‘“"“’5‘%@5"‘ 'J;f"“'“"""““““““ z & WDDA vE i
S - i A E L @, g 1,100 - = w Barunal VOOA valus
= ~ Fitted | = 103403 =
3 = X 115 ] - o tteed fire y = 1028603 * x + 1OL1e-+00
y 675 -
B g .r"‘
N - o ', |
= k el correct
& v -
A = P - L.OZ5 o PR P L — '_-—.-—'
- - s 105 L . . . . . . . 5 .
: = = o z 4 1] B 1 12 14 1.0:00 .
& f THm .
o - |4 1] z 4 L] B piv 12 14
Trirm

%

8
8

[

12 5 LVDE Y 12— )LbYelectrical test T BX
« DAQVRTLMAFEEFRESE
«  Modulefe EM&RAH L DFEREMN ?

i

3

L0v¥88 00 D4 9d NOT 134
FE4: 20U PG FC 00 88374

o n

HiEs
|

Column

$6£88 00 D4 9d NOT 234
FE3: 20U PG FC 00 88380

1 S
o
o
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ATLAS 11"q Hayashi REPIC bottlenecs

» Quantity of the assembly jig determines the production rate.
» At present only 1 kit present = 1 modules / day w/o cooling block
> Arrival of jigs for cooling block assebmly + WB protection expected in Oct =+ 3 modules / day.

» Wirebonding may become a bottleneck for producing 7 modules / day.

» Takes ~3 hours for sum of (WB + pull test) per module.
— May speed-up by 20% with experience.
» Mitigation: dropping the pull test will help.
» For pre-production (3 modules / day), this is not a bottleneck.

» The Microscope system (visual insp., metrology) will likely become a bottleneck for
supporting 7 modules / day.

» Mitigation: Demanded lighter photo-taking system (by a camera: in development) for unloading some
fraction of tasks.

» The climate chamber is likely not a bottleneck, assuming hosting 8 modules at once.
» We have a spare: possible to use 2nd climate chamber if this is needed.

2023/11/20 Tl AT LR £=2023 23
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ATLAS 11"q Hayashi REPIC bottlenecs2

v

The electrical testing system (CoolingBox) is a bottleneck for Pre-production.
» Already installed 3 boxes, fully asynchronous operation (debug time loss minimized).
» Turned out that allocating 1 box / module / day is insufficient for the entire pre-production menu.

» Even with the best case scenario (100% duty factor), most likely needing to commission additional
boxes (ultimately 7 boxes in total).

» Parts were already prepared, but power/data boards are short.

» Separate stability testing system is needed to avoid bottleneck.
» System is currently at CERN. lts assembly recently completed, but commissioning and qualification

needs to come after its arrival at Japan in October. Realistic starting of opearation not before December.

> |Is the additional 20h stability test (on top of ~30h of nominal testing) really gaining anything?

» How many CoolingBoxes are needed for supporting 7 modules / day production operation in
order to avoid bottleneck strongly depends on the final menu of electrical testing.
» We are very close to getting to the resource limit (room areas).
» Should carefully build-up the testing time against its merit.

The allocated (rented) clean room area (~45m2) can become a bottleneck.

L

2023/11/20 Tl AT LR £=2023
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INiWXd %114 Electrical QC Test

Electrical QC Process

3~4 hour testing X 2
cycle (warm/cold)

Pre-production Flow / Organization in Japan

@Hayashi-REPIC

! Cold Startup Tes{

Cooling Block
NSl

x KEK Visual Inspection
Sensor Tile @HPK @ . Metroloay

Bare Module ~ Sensor IV

Domestic Products -
External Products

QC Process/Tests

[Establishment

4x FE Chips ‘BareModule Inspection Elec. Tests
Bump depo. @T-micro —> arm / Cold)
Ul o ~micre
BareModule Metrology A [ S st s =t
4 Masking / Unmasking Coatin
PCB QC @KEK : bero-bias Threshold Scan
- L] PCB Inspection WB Protection Assembly
< PCB Inspection -> |
. PCB PCB Metrology >
@Yamashita Mat. - @Hayashi-REPIC | ‘ Initegrity Tess
Elec. Tests (Thermal Cycle, Stability) Standees 00
@KEK
Pre-production Packaging Ship to CERN

- 47 OE “plain” modules
- 83 OB modules + Cooling Block + WB Protection
- Total: 130 modules (for estimation). Actual: 42+79 = 121

FHAIS X T L7 42083411/20



ATLAS

2023/11/20

ITk

Backup

SRS X T LBFZE£2023
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ATL A ITk B4 Readout system

MUX Readout @ REPIC

FW&SW: Git link L. L —
Board: Git link __Arduino ! Python '

V. MUX><4 from Module _'{f

Adapter

p = i " LAN cable _ <“: ‘ ~ [ sw
Data Adapter. MCP board
= Headerpifig SPI
N, 4 MCP ;
: RI4S] 13208 | [[svvaa
3.3V (Vref)
GND

2023/11/20 Tl AT LR £=2023 27



ATLA ITk Module Production (assemble)

1. GlueDREY AT 2. #&F 3.581k

Bare module
Sensor + FE

o G|Eein+a|1

SETETEY SETEREY

Module jig

2023/11/20 SHE1S R T LFRZE L2023 | 28
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ATLAS ¥ ITk LG bonding Process

Wirebonding
WB PuII Testlng

1‘-—--———“"""

-

coe OM8

“u -
ive ity 9, £ ‘ -

I((I(ll 1 E;

!RKI.LIY LM

: : ~f-n g g
— &3 luf,,.S" ofs_Ho
=i \ O
. OD
& l

;ﬁ*o 11(12)

nit

1 L) ]

L::*'oo e on

&} 9. Ty P .
o My ‘; A o0 .k MY T3 ) =
0 B ) | e ™ gy 3 E M8
oon | Clolwly WN -4 =g  d e
& N BIN = Wy g Ry tcns
S A e 1A £
S B ekt 2
@ {‘h[‘;nl ’O‘J‘LE& Q
wa e T wx
¢ wey 8'-
] Y : %3

Wier bondingBl ~ Wier bonding# [ SR U4

ATLAS X ITk vesss
duns s

wumn!pu’n i W \ ’Ill|||‘llllI'HIWI}UIIHUI”I Hm
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ATLA |Tk Thermal cycle

BESAILFIU—

Grafana

i,
o

R R (E~ — 35°CCIERAGRNERINF).
NTCET (VNTC) iC- 5E|]J-FE
Steinhart-Hart®X 2 & VU ;BE{EIZE#L
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ATLA ITk Electrical QC test

145 pm I [ - . Top pd row (d'ebu) . . . _ |

ATLAS FE chip

Chip size : 20 X 20 mm?
Pixel size : 50 X 50 pm?*
Pixel matrix 400 X 384

9.6 mm

Analog Chip Bottom (ACB)

E Digital Chip Bottom (DCB)
VS ﬂ 7 73 Data bandwidth 4 X 1.28 Gbit/s
‘|a:::nn|| T::.g”::l):csn (:/:Ll ID:\.f\er/:ecl E P::m”s.,:_n:; sm.o:::[oss:.mo_mgl Data enCOding 64b66b

~ 270 pm

WHO0B0000000L ee-== [HOOOOOCOOOON
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- '
S

ATLAS X ITk

Module: 20UPGM22110427 ThresholdDist-0

Threshold Tuning and Noise Scan

1750

1500

=
N
[,
o

1000

Number of Pixels

750

500 (‘ / _

. y
r,.-‘n,!":. Yy,

0 T

[ FEL: 20U PG FC 00 88358
[ FE2: 20U PG FC 00 BB376
[ FE3: 20U PG FC 00 BBA09
[ FE4: 20U PG FC 00 88371

"
N S e

500 1000 1500 2000 2500 3000 3500
Threshold [e]

2023/11/20

4000 4500

Column

86£88 00 24 9d NOZ *134

9££€88 00 24 9d NOZ ‘734

:

o

%Ead Module: 20UPGM22110427 ThresholdMap-0_0_500_0 _0_0

-
]
5
5]
3
8 4000
O
e
o
9
)
=
2
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S
o
=
0
|
2000 =
i
g [=
3
o
=
8
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o
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)
i
_ 0
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-384

Number of Pixels

20000

17500

15000

12500

10000

7500

5000

2500

0

Row

Module: 20UPGM22110427 ThresholdDist-0

[ FEL: 20U PG FC 00 88358

FE2: 20U PG FC 00 88376
[ FE3: 20U PG FC 00 88409
[ FEA: 20U PG FC 00 88371

1000

1200 1400 1600 1800

Threshold [e]

SHH S R T LFE£2023

Before tuning

%tojad Module: 20UPGM22110427 ThresholdMap-0_0_300_0_0_0

85£88 00 24 9d NOZ 134
FE4: 20U PG FC 00 88371

Column
°

9/£88 00 24 9d NOZ :Z34
FE3: 20U PG FC 00 88409

Row

2500

2000

1500

1000

500

Threshold [e]
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ITk ITk module

@ ~ 10000 modules needed for ITk
@ LO: triplets for barrel (linear) and ring (round)

@ L1-4: common quad modules everywhere
@ Module flex PCB designs being finalised

@ Quad PCB: 3 copper layers at ~250 um thickness

Flex Hybrid, with SMDs

Encapsulated wire bonds

Sensor
Solder/Indium Bumps

Local Support —" FE chips

Module flex Wire bond area

4 x Front-end Chips

(150pm thick)

Planar Sensor
(150pm thick)

E‘I’ //\I] VAT -L\E}f

1 g

First ITkPixV1 digital quad module on protc

2023
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ITk ITk module

@ ~ 10000 modules needed for ITk
@ LO: triplets for barrel (linear) and ring (round)

@ L1-4: common quad modules everywhere
@ Module flex PCB designs being finalised

@ Quad PCB: 3 copper layers at ~250 um thickness

Flex Hybrid, with SMDs

Encapsulated wire bonds

Sensor
Solder/Indium Bumps

Local Support —" FE chips

Module flex Wire bond area

4 x Front-end Chips

(150pm thick)

Planar Sensor
(150pm thick)

E‘I’ //\I] VAT -L\E}f
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ATL-AE 174 Electrical QC test

~ Database/DAQ
[ Localon IO ricpp

Cooling System
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ITk

Pull tests

Break force distribution

Heel break on hybrid

Break types
Heel braak on hybrid
Midspan break
[I1T]] Heel break on chip

&

L]

\ +‘:*:'::¢ ]

8 85
Break force [g]

Entries 7
Mean B.435
Std Dev 02639

Midspan break

Entries 48
Mean 8.785
Std Dev 0457

aal break on p

Entries 0
Mean 0
Std Dev 0

85

10

« Each break force > 5 g at least

* Mean break force > 8 ¢
= StdDev < 15%

- All satisfied

(Note)

Almost half of break type was wire break ---

However it's reasonable considering the low wire
height of < 600 um with the pad distance of 3—4 mm.
(discussed in Flex Attach meeting on 23/May)

0.75 mm

durable

3--4 mm

SRS X T LBFZE£2023
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ATLAS 11"q Hayashi REPIC bottlenecs

Quantity of the assembly jig determines the production rate.

> At present only 1 kit present = 1 modules / day w/o cooling block

» Arrival of jigs for cooling block assebmly + WB protection expected in Oct - 3 modules / day.
» Wirebonding may become a bottleneck for producing 7 modules / day.

» Takes ~3 hours for sum of (WB + pull test) per module.

- May speed-up by 20% with experience.

» Mitigation: dropping the pull test will help.

» For pre-production (3 modules / day), this is not a bottleneck.

» The Microscope system (visual insp., metrology) will likely become a bottleneck for
supporting 7 modules / day.

» Mitigation: Demanded lighter photo-taking system (by a camera: in development) for unloading some
fraction of tasks.

» The climate chamber is likely not a bottleneck, assuming hosting 8 modules at once.

» We have a spare: possible to use 2nd climate chamber if this is needed.
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INTWX3.1 1 i "4 Hayashi REPIC bottlenecs2

The electrical testing system (CoolingBox) is a bottleneck for Pre-production.

» Already installed 3 boxes, fully asynchronous operation (debug time loss minimized).

» Turned out that allocating 1 box / module / day is insufficient for the entire pre-production menu.
» Even with the best case scenario (100% duty factor), most likely needing to commission additional
boxes (ultimately 7 boxes in total).

» Parts were already prepared, but power/data boards are short.

» Separate stability testing system is needed to avoid bottleneck.

» System is currently at CERN. Its assembly recently completed, but commissioning and qualification
needs to come after its arrival at Japan in October. Realistic starting of opearation not before December.
» |Is the additional 20h stability test (on top of ~30h of nominal testing) really gaining anything?

» How many CoolingBoxes are needed for supporting 7 modules / day production operation in
order to avoid bottleneck strongly depends on the final menu of electrical testing.

» We are very close to getting to the resource limit (room areas).

» Should carefully build-up the testing time against its merit.

» The allocated (rented) clean room area (~45m 2 ) can become a bottleneck.

2023/11/20 Tl AT LR £=2023
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