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Particle fluences in ATLAS

ATLAS detector to design for
— Instantaneous lum.: 7x1034 cm2s1

— Integrated lum.: 6000 fb-! (including safety factor 2 in dose rate)

— Pileup: 200 events/crossing

e IBL (LHC) 1000

— |nsertable B_|ayer pixe| ATLAS 3,000 fo"-1x safety factor 2

_ r=33cm (Y. Unno after ATL-GEN-2005-001 Table 5.3)

' &
* Flunece ~3x10%° E 100 ey
e atInt.L~300 fb? = —— total (z<150 cm)
e PIXELSs (HL-LHC) c —enalo
E — - =neutron

— Inner: r=3.7 cm ~2.2x1016 P — — charged (pi+p)

— Medium: r=7.5 cm, ~6x10% .5

— Med/Out; r=15.5 cm ~2x1015 5 ==

— Outer: r=31cm (?) ~1x10 g >

— Charged:Neutrons 2 1 g Bty SO
 STRIPs (HL-LHC) e . =

— Replacing Strip and TRT Pocels Strips

— r=30cm, e.g. 0

— Neutrons:Charged > 1 Radius (cm)
occupancy = pixel size :50x400 - 50x250 (pm), strip length:120 —» 24 (mm)
PSRRI 1 = p-bluk sensor® BE %

2013/05/23 FmINRBRLHCA MW ALK TZAT I OENFYEFE FHEK 3
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B RERLAELY

300um)

Udep [V] (d

Why P-bulk sensor ?

5000f 110°
g

[ typeinversion
1(5)8 104 110*
10;— | 0
: 110

> ntype "ptype’” |
OO (OO Lirwiroiei e To .

10t 10° 10t 102 108

@y, [10% cm?]

| Nere | [ 10 cm™]
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HV protection

T[] EE EE

EdgeDEIEIL. BF
——————————————————————

Readout hybrid ~0V
* > 100 1 & Insulated hybrid

I
mill
(il

£

T[] EE EE

StripMHZE L. BIRELLY
—

Flig-chie: bumg bonding ~0V
T[] EE EE

EEEEEEEENENENEN <1Ou

PixelDiz&E &, BRELLES
]
2013/05/23
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Nn* In n-bulk vs. n* in p-bulk

n-in-n n-in-p
FE ASIC (~GND potential) OV HY |
B LB R LB B

n+ pixel (OV) n' pixel (OV) Guard Rings

Guard Rings  n-substrate

p-substrate

P
oV HV HV 0V
@ Double sided process @ Single sided process
@ Pixel can be shifted below o No backside-alignment needed

guard-rings — More foundries available

@ Used already widely (ATLAS,
CMS, ..)

e Easier handling/testing, due to
lack of patterned back-side

implant
| e Cost-effective I
e Danger of sparks between chip
and sensor
Philipp Weigell (MPI fir Physik) PPS-Overview Pixel 2012  8/20
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pixel edge HV protection

« Encapsulation
it & £ 1 8E (>1kV) ()ar&EhRE. /N U#EE. )
ML R 2 2 (>)arkeEiE. /NJLUEHE. )
SIEMEDIHRMME ()ar s, /N R, )
S DECAHIRFHLEL(2012.09)
= INYL R 1IZBLT5 % 1015 (IMeV-n-eq.) BBET#
1KV ERY ZEEH

« 7O+ X EMDIXKTedgelZSiO2FDITHNAELNVA ?
FRIZITHERZHESFE(2012.09)
= e
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FERORN

HEt-8E (HPK) +E€2a—)L

) EA 4 14 5T = (1V, CV, RI...) + Beam test
BEGTEER CYRIC P:70MeV #rHESEER S AT L
BB 512 4o 14 ST = (IV, CV, RI...) + Beam test
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Beam test DAQ

« KEK PS®shut downf%. beam test [XFE(Z. ;BS DIEER
THREIEERESZ TIEEL..)

o BEEMDBE}AKE,

= beamtest ZFEL1-(Y

= DAQO®Mmiddle ware & soft ware DB F
FPGA base (SEBAS)DEIH 4 {EEKIRE
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Major milestones — Sensor specific

- LOI-2012 (Done)

— Fluence specifications, area, candidate technologies
— Milestones towards TDR and construction

— Candidate sensor designs and performances
« Sensor Specifications and Layout
« Sensor Electrical Performance
« Sensor Irradiation Studies and Results

— 5t pixel layer (?)
* TDR/FDR —-2015-2018
— TDR will be multiple

* depending on the radii, specially the inner parts of
pixels

. Al vely_single TDR witl : o i
regtons
— Infra-structure implication
 {decision time scale? Innermost, medium pixels
* Services up to PPO to be fixed at the time of 15t TDR (?)

2013/05/23 K INRESBRLHCHA YIRS TS AT —ILOENFYEE BFHEK
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Coordination

Phase2 2012 2015 2016 2017 2019 2020
— [ - TDR1(?) -
imadiations, Testbeams, ..
. § . Construct|on 5 YIS el
Strips Final specification
Market survey
Technology decisio
Outer Final design review
P Ixels Pre-production
Radiation QA
Production Readiness
Review
Production
Medium Final specification
. Market survey
P Ixels Technology decision
Final design review
Production
Inner Final specification
pixel Market survey

Technology decision
Final design review
Production

We need coord|nators (beamtests, irradiations) for efficient use of
20 resources.

TDR Assuming installation in 2022
(end
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IBL
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=L EVA—LEBOKRF(PT//3K)

En

IBLD J;
IBL (Insertable B-Layer)

2014FIZATLASDEHNEBIZE AT ST
-HE LB R
EHATE A —ILERT—T %8 &S
cAAMNS[IKEKETE T AASHN

BRI IIL—TOEHAE

ot — ECa— )LDEHBE@TT//NK
'ZT 7@muﬁtﬂb§ﬁ%ﬁ@:/l*—7i
DAQY 7+ MDEAF

J|BLEHY—E R -4 —TJ )L DR ER

IBLRAT—
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Pixel

FURIEBRLHCA I K TZAT—ILORERFYEZ BHEK
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Inefficiency in Pixel

PolySi, P-
100 olySi, P-stop

50

100 200 300 400 500

L e ey R
bR el | R

L A I L
S S S 3 Ao S S
ARAAR AL AR i it

i
S S ,r:+:+:::+:::::+:::+:+:+:+:+:+:+:+:+:+++++++++++++
R e

i
S
S

ey e R P ey
e, S
St S

nefficiency was observed under Bias and/or
oly-silicon structure from beam tests.

NEDHSE

2013/05/23 KR INESBRLHCHA YIRS T AT —ILOENFYEE BFHEK
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Bias Rall Routing

« Bias rall to offset from midway (Large, Small)
e Bias Type (PolySi (PS), Punch-Thru (PT)
 Number of bias rail (Single, Double, None)

(Y g A

2013/05/23 K INRESBRLHCHA YIRS TS AT —ILOENFYEE BFHEK 16
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PolySilicon Bias Resistor Routing

PolySi encircling “outside” the pixel implant
— causes inefficiency

— by reducing the electric field under the polysilicon, very much
similar to the effect of the “bias rail”

Move the routing of the PolySi “inside” the pixel implant

FURIEBRLHCA I K TZAT—ILORERFYEZ BHEK
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4-chip pixel module

Cooling plate

Wire-bonding
pads

2013/05/23

Board size mates to current beam test setup.
- PCBsizeis 10 cm x 10 cm.
- It was very tight condition for layout work.

- The minimum function was implemented. If
further options are needed, we will add in
the future versions.

Pitch adapters are introduced.

- Modules and pitch adapters are attached to

“detachable”cooling plate (Al or Carbon)

- Board and pitch adaptor have multiple wire-
bonding pads.

- Pads on the board are aligned in single row.

- Pad layout to match for both pseudo- and
real- 4chip module

- Straight wire bonding is possible.

- Good cooling contact is achievable.

Screw holes |« Single compatible board with FE-I4A and B
FmINRBRLHCA MW ALK TZAT I OENFYEFE FHEK 18



Pitch Adaptors

S

RS
AR

I %%%%%w u
TR

it R A

. wWR K
g VI T B

¥
=
N\
3

AU SRS
WA G

KA AR
RS DX

X

st S

AR G

%*memmms

g e X
ot
"4

S T ORI
%

f*
|

S TP
:

Prototype samples fabricated

Several variations

i
R 'va-w.*.wwmmmmmw)f p

_ Materials: LCP-based, Pl-based

B B
[ U Il TR SRR e SRR L B
. "'a

- Plating: Ni+Au, Ni+Pd+Au
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Wire bonding

LLCEEECEEEEECEERTTAT AL ||II||||II|||||I |||I|]IIII|||||I||||||||IIII!| I

i JJJ RS |
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Strip

FURIEBRLHCA I K TZAT—ILORERFYEZ BHEK
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ATLASlZA & M wafer Iayout

: - e, 8 : S =] 2] m F-T_I_ G
19120121122 ] 23| 24 ocan ., P

=

= N\ I i : L
L1 axial “
b | & 16

2 [ |18
/ Ig 16 Main Sensor 3 | ] 14 Main Sensor

II

W\ stereo

|.I I'...

e i

NE TR

HeH 12 (11 ]wo]e]|s]|7

« Main sensor at the center of the wafer
e 1-24 Baby sensors in the peripheral of the main sensor
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1E-03
1.E-04
1E-0F

1.E-06

1E-07 =

1 E-08

1E-09 #==

1E-10

1E-11 *

ATLAS12A before dicing

1.E-06

ATLASIZA VPX12318 Ne7
BABY (unpassivation}

MAIN

SKEWED \
II’l rﬁ--l:-\'\"'
s \

200 400 00 1000 .

Leakage current (A)

1.E-07 Y

ATLAS12A-MAIN After Dicing

= WEO3(SLIM}
~=—WBOB(SLIM}
- WE19(STD)

0

200 400 600 800 1000 1206
Bias voltage (V)

ATLAS12A after dicing
FmINRBRLHCA MW ALK TZAT I OENFYEFE FHEK
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« MD>1000V

e ATLAS12M 45 sensors process
finished

e ATLAS12A 120 sensors process
finished

ATLAST2ZM-MAIN # 1 &b

—+— WB(STD 5 2)
VEOS I e wasTDS4)
W1D(STDS4 2)
WA LT 54 )
—#— WIA LI 54 )
1E-06 —— —*— WARYLIuZS4)

1.E-07

1(A)

1E-08 ==
0 200 400 600 800 1000 1200
Vv

ATLAS12M after dicing
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Super-module ABC250

double-sided silicon modules aluminum support frame

1
.I' _ — !ml ‘-—-—-1

-
[ i [
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L L L
L L L
L L L
L LI L
L L L
L LR L
L0 LD L
) L O
=

ol 8t
E;.- i FEEY
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] i ]
|

_l_

Ill I-__.- F—_"rFH':HE . wm :m—! [ b#-‘r‘d ‘_ _t'lh"‘h 'ih
I_ | T | _ S T feEs 0 DVl i-!‘ | Hl-"’
MU D e O My L"FL_. .'-'

5'Ejﬁ"ﬁbﬂ %%LHC?&”G)JUTE<7_'3'7\’T IWOZERFYES %EJ:j(
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ENC results

® SuperModule top & bottom side enabled

Moize vs module

Noise vs hybrid
300 a00
|.ﬂl"ﬂll
750 8M botbom 750
o0 0o
350 G50
500 GO0
B0 I &60
00 &Og
fed D B Byl B Bl B B B B B B Fd T B BA

B33 :I;+mm—[l:hdhxnnda | a5

2013/05/23

[

° l;il.‘i

i

HIHmIMERSBFLHCHA Y LS TZARAT—IILOERN TFYESZ BHEK

= b D B4 B Bd B 4 By Bd By Bd Byl T Y B BA
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ENC results (SEABAS)

e Gain ~ 110 mVv/fC
e Noise measurements under progress

154

gm + Top side
%13 + Bottom side
o

124 i

11:"iét§§;:'i °s 11§iii’i§i
10 ' -
9

8

[

6

N2 s % 8 0 2 A& s
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Hybrid position

FURIEBRLHCA I K TZAT—ILORERFYEZ BHEK
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Module design concept for ABC130

-

i W e P e o e i |

B Y

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

g ———_———— R

—
" —
I

1=t draft layout with ABCN130, HCC under investigation

Cooling plates and tubes ‘\,

GND AC coupling with Hvret

[ For DOATEFPC
R
Flexible pigtail with
FEATURES connector and stiffener
e e 'ﬁi. w[mlm O
" Sk 27% aman mmwmﬁmm CC + hybrid flex
FEBOB! — I smaie “U"b.rfdg'e
JL_ } Input Filterind
sty H
S— e e O0008aaa
' sides possibly free from

APPLICATIONS the local support

hores. ottt comoresand

digial viden camsras.
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/0O lines

Hybrid Controller Chi
v Programmahla currane Bussed
drive  (0-3.5mA) Clock & rogrammable Termination
i | ' Control e : .
I ; | ABC130 Chip
BC_StaV'E:I : (phase shifted aoniHz }I i
[ i
[0 cviD T ’— !
Lo_cvp i i i i
- 4 i ' | i
1 1 j :
R3_L1 1 ' —R3s.L1 l > |
1 1 : i i
= ! i f :
[ P 1 DRC i >_ 1 Bidirectional
E o = ) : (Data Clock 160MHz) H : Transceivers
- E '--D-r!Er-'- L] i Receivers : 160MH:z
% H i — _-____.___.i —————————
O fn - 1 i I
E 2 ' Xon/off 1 out L
n.D - Data Loop la : in —
2 b : i out —
£ | 10f2 HCC 160Mbps ! Direction (1-bit)
o ISeriaI Data Loops |
: ¥on,/off i gl:_lt ouitn |
Hybrid @ = : Data Loop 1b : n. o\ -
1 I
bitS A0-4 l------ll-----------l %c:&- o
sM ™
2 e® \,00
V(ternp), vdd, Disable Regulators ¢
4 inputs
Mar 2012

Figure 7: Block diagram of the Hybrid Controller Chip (HCC) and related I/O lines.
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HCC emulation

Normal case: with HCC
Ex d

DCR, .

To EPGA (signals made with HCC)

(SEABAS)

via I/O connector
To ABCn

BC, ...

DCR, .

(signals made with HCC)

To FPGA
(SEABAS)
via I/O connector

-

To ABCn

BC, ... BC, ...

—)
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super-module for ABC130

Module #1 Module #2

1bus cable scheme

DCS, Interock

Cooling Out

35 able
1V cable

2013/05/23 K INRESBRLHCHA YIRS TS AT —ILOENFYEE BFHEK 30



Service bus

See backup slides

Bus features:
= Length: 1250mm
= Width: 20 - 22mm
= Al layers: 2 x 50 microns (width from 11 to 20mm step)
= Cu layers: - 2 layers of 15 microns: LVDS + HV + DCS
- 1 mesh layers of 5Smicrons for LVD5 impedance

implementation proposal at pigtail connection
Cu-vias region

i

% & & 5 & &

Stiffener LV Al-Cu vias region

Kapton + glue (240 microns) 0.0136
Other Cu layers (eq. 10 microns) 0.0155
Stiffeners (22x14x0_3 mm3) 0.0029
Connector (estimate) 0.0050
Total (1 side) 0.0544

Total (2 sides) 0.1088

Al layers - GND + bias (100 microns) 00174

NB:
= Optimization of Al thickness vs
resistivity and cable power loss
100um Al 2 1.8W
= Time scale for design + fab:
5 -6 months

If 60 um Cu > 0.204%
"7 If100 um Cu = 0.291%

We are planning to make a new Al/Cu bus cable with IBL experience.
Bus material considerably decreases in comparison with all Cu case.

FURIEBRLHCA I K TZAT—ILORERFYEZ BHEK
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SEOFE
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A RAET I

« 7/25-26 DCYRICH BB STELER I, #E&ET Dpixel sensorzx A

« 8 A RMDESY Mbeam testlZ., #HE%Et MDpixel sensorz % A
(BB & F A Dpixel sensorD I A [ZEELLY)

« 4-chip module D SEABASEx & H L [ fk 5%

Strip
« super-module(ABC250) system test(HSIO)MD w31k

e super-module(ABC250) system MSEABASSA H LK REFEIZFHE
« ABC130A Mhybrid 5 FTH4E

* ABC130F O module design

» ABC130FH M supermodule

Beam Test
e systemfi &
« KEKTUA)LINRER. J-parc, ...
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ID upgradeBERDRIGERILTOAE

KEK g
ith b
HE
th 4
1N P[]
Teoh (D1)
A5 (M2)
FH (ML)
R =yl
A+t (M2)
AR (M1)
HITK [EA
¥ (M2)
BB (M1)
wAm1)
AKX JR
F R (M)
K= (M1)
(upgradeF S A)
1N B ...
BRKX  AE. ..
2013/05/23

oY —HE. T a—)L., BHRER, beam test fZ4T
(oY —E%Et) . TV a—)L., BETEER

IBLEL & . SEABAS:firmware

beam test #2477 BETERER

SEABAS :pixel, telescope, ABCD3T, ...
SEABAS :pixel

beam testFitelescope

SEABAS :pixel

SEABAS : ABC250, beam test DAQ soft
SEABAS : ABC250

beam test DAQ soft

beam test fi# 4. IBLELE, SEABAS: ABC130, SM(ABC250)
beam test 247, IBLELE MRS EHER
SEABAS: ABC130, SM(ABC250), R 5T &%
beam test f&#T

beam test fiZ#T, beam test &34 (DCS)
beam test 24T

beam test &34 (DCS)

super frame (bus tape)
SEABAS: ABC130
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th R EEHE

TDR/EDR 2015-2018 i

Pixel

* pixel module MR EX R (EdgelZSi02, /AL >a—k)
« inefficiency D&

 BARBE OmoduleziEASE 5 (AIaetEEELY)

Strip

« ABC130A Mmodule prototype D & i&, AE&

« ABC130F M supermodule prototype® &s& . S5k
o stave moduleDE{E? ? ?

Production (2022%&T)

Pixel
e pixel module® & & (HPK). &k (0 —2I)L— L)
Strip

« hybridD & & (HIZ X, HEK), HER (D) —2I)IL—L)

e stave moduleD&E ., SREBEEESIEZDLM? 2 ?
IR (L. supermodulefBLTEAY, RSN D RAAITFET AL
BELREBRIITEDDID., BASNERAHFDHEWNEIZERERALLGTLOMN?
modulelZ. state-of-the-art technologyz;¥=AATR%?

hybridD&LE 2 (F 42 (T D T EMNATREZ D H
TJIV—TRERDIDE
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Stave module Module and its removal

Module Shipping

* As module only consists of a sensor
and 2 hybrids to reduce material,
shipping them is slightly more
involved

* Came to a solution of a vacuum gel-
pack

* First trial shipments completely
successful vacuum release gel-tray

— Required removal from frame
* Acquired 50 more gels and have
designed a custom box which will

allow shipment within frame for
easier testing before/after shipment

2013/05/23 36
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Backup
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Module

e Sensor

* ASIC

* module assembly
* DAQ

« REE. BEFE

Irradiation test

Beam test

« T

* DAQ

» Telescope

- trigger. BE %

Module integration
s BEARERET

« BVEtH. BEE
» Service bus (Al)

B FEHE 7

OK

REF

OK

FRFAEITH

S, FELC-OTUVVEWEERRIEH D)

CYRIC

FYBWEMZELTLS
BAR A EITH
BAR A EITH

i

BT, REORETOEIF (IR
(PaRrTROERETHSB)
#FRBAFE (CERNICHEER (3 H D)
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Micro-channel cooling

Embedded Micro-cooling

Two methods presently -H-lﬂT _|TI_ o

explored:
4= 1- surface micro-groves

2- aver-etched channels in

trenches
Comnect the device b a CO, plan

Micra-channals fabncated st FEK in collabaration with the Pisa aroup

Strip moduleMbaseboard& L TEEHFEEHEHDLIDI(L?
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