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am The CMS experiment at LHC

LHC: M,,
» Ring with 27km diameter, 1232 superconducting dipoles (1.9 K) P ”D"’

- 2 Proton beams with 7 TeV each (presently 3.5) %/g{f il CMS mﬁ%&
- Nominal Luminosity 103 cm™ s N
- Bunch spacing down to 25 ns

POIE#/
CMS \j

ATLAS 14 Jul 2008

- Length 22m , diameter 15m, weight 12.5 kton

- Magnet 3.8 T, 6m diameter, 13m long

- All silicon inner tracker (3 pixel layers, 10 strip) : v A\

- Compact lead-tungstate ECAL T R A\\‘%i,

- “Conventional” brass/scintillator HCAL

« Muon-System in the iron return joke of
them agnet RETURN YOKE

TRACKER
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MUON CHAMBERS
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(= Pixel detector sketch

Barrel layers

« [=53cm,R=4.2, 7.3 and 11 cm

- 768 modules 11520 ROCs, 48 Mpixels
Forward disks

- Z=34.5cmand 46.5 cm R=6-15cm

- 192 panels, 4320 ROCs, 18Mpixels

- Total area ~1.1m2
« 66 M Channels
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”"”[““‘““ A Pixel detector real
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«({j» Pixel modules

FPix
Plaquette (672, 7 types)

BPix
Cables é

Y2 -Disk (8, 2 types)

Coolig channels, (96, 4)

BPix: 2 types of modules 16 ROCs and 8 ROCs
FPix: A blade contains of 7 plaquettes with 5 different sizes (2-10
ROCs)
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aJj= Sensor

Collect electrons (n-side readout)
- Less prone to trapping
- Larger Lorentz angle
« n-side isolation required
Avoid problems in module design
« N-Substrate (FPIX: 100-FZ, BPIX: 111-DOFZ2)
« Guard rings (and junction) on back side
- All'sensor edges on ground potential
« Double sided processing guard rings  pixel aren
— Limits choice of producers
— FPIX: Sintef
— BPIX: CiS
Pixel call layout
- FPIX
— Open p-stops, some over depletion needed to separate
channels
— large gaps, smaller C (exact value not yet measured)
- BPIX:
— Moderated p-spray with bias grid (lower voltages,
insensitive area)
— Small gaps, homogenous drift field, higher C ~ 80fF
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(25 Infrastructure

Chs.

Coohng
- Single phase cooling using C4F 4,
- Temperature of the coolant during 2011 T=+7.4 °C
— Sensor temperature estimated to 17.2 °C (problems in the calibration of the temperature sensors)
- Since Jan 2012 T, = 0°C
- “Humidity problem” prevented lower T
— Relative humidity rises if B-field >~2 T
— QOccurs since 2011
— Is not symmetric
— Present hypothesis:
— it's known that some parts of CMS move on magnetic field turn on/off
— movement may create an opening in pixel volume sealing

Power
- Stable running in 2010/11, no major problems observed
- 1 remote sensing wire lost that affected 8 BPix modules

DAQ-Electronics
- Hardware was very stable in 2010/11
- Firmware have been modified several time to deal with different problems:
— high multiplicity events from beam-gas background
— internal noise of mezzanine card (corrupted readout)
— heavy ion events handling
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«({}» Downtime during 2011

- CMS is efficient 93% of the time (records 91% of the luminosity

delivered)
- Pixels cause 7% of the down time
—Most events causing down time are compatible with the assumption of

an SEU

Downtime by categories (Stable Beam only)

Downtime/Livetime (Stable Beam
on'y) [UNDECIDED : UNDECIDED - 1?

LHC ; STUDIES - 1%

GENERAL : HUf;‘I‘AN_ERROR -
1

GENERAL : TEST - 8%
DAQ : CONFIG - 1%

{DAQ : CDAQ_HW - 1%
[DAQ : CDAQ_SW - 2%],
[DAQ : CDAQ_RCMS - 1%]
|DAQ : ECAL_DAQ - 8%

0%
PWR_SUPPLY ; ES_PWR - 1%
PWR_SUPPLY : TRK_PWR - 3%
PWR_SUPPLY ; PIX_PWR - 1%
TRIGGER : L1_DTTF - 1%

Downtime - 7%

(TRIGGER : L1_CSCTE .
TRIGGER ; L1_RCT -

TRIGGER
TRIGGER : CONFIG - 1%
TRIGGER : HLT_SW - 0%
TRIGGER ; L1_DT._TPG - 1%

TRIGGER : L1_ECAL TPG - 0%
TRIGGER : L1_RPC - 1%
DAQ ; HFLUMI_DAQ - or’_?J
DAQ : DQM_DAQ - 0%

JDAQ : BRM - 0%

[DAQ : HCAL_DAQ - 7%

[DAQ: CSC_DAQ - 7%

[DAQ : RPC_DAQ - 0%]

DAQ : DT_DAQ - 0%

\DAQ : TRIG_DAQ -
DAQ : SCAL_DAQ - 0%
DAQ : TRK_DAQ - 16%

DAQ : PIX_DAQ - 7%

DAQ : B5_DAQ - 5%

@ Downtime - 93:16:57 @ Livetime - 1258:16:26

T. Rohe, PSI. 7t Treno-Workshop on advanced silicon radiation detectors, Ljubljana, 29.02.-02.03.2012 Page 8



PAUL SCHERRER INSTITUT

==

Detector status

CMS,

The whole Pixel detector: 96.9% of the ROCs functional

- FPix 92.8%: 4320-312=4008 functional ROCs

- BPix 98.4%: 11520-186=11334 functional ROCs

Total 'dead’ random pixels : <2 X 10~ in functional ROCs
- about 6K ( 107) inefficient pixel found with internal calibration

- about 700 ( 107°) 'noisy’ pixel (masked) found in cosmic ray data

Percentage of Pixel detector out of the readout

Removal

. Slow channels Broken
. _Repalr . appearing laser driver
Installation Re-installation in FPIX in FPIX AOH
of FPIX

e 7.22

o— & 314

.'..,_A | 161

k.

14/11/2007
01/06/2008
18/12/2008 -
06/07/2009
22/01/2010 -
10/08/2010
26/02/2011

Time

14/09/2011

—a—Pl1X out %
——-BPIXout %
—&—FPIXout %
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o= Major problems

BPix FPix
- broken wires: not recoverable - bad address levels due to slow signal rise time:
- token lost: not recoverable recoverable in FED FW
- single ROC problems: sometimes rest of the - no communication with optical transmitter:
module recoverable recoverable if CMS open
05 - Barrel OnTrack cluster positions 06 - Endcap OnTrack cluster positions
o"‘“"‘ “’:‘:“‘" ;i Clusters -Z Disk1 (on track) Clusters -Z Disk2 (on track) -
i E gzo i Ezo i
o ':_ ;15 i ;15 i
= =10 =10 P
:;— g 5 15 é 5 10
2E- ) *'n "
-340; 5 10 5 R
ocwnummvm -10 2 -10 4
1L ol - ’
i ;:: E A0S0 00 0580 R0 505 0 g 00 s 20
E ) Clusters +Z Disk1 (on track) Clusters +Z Disk2 (on track)
.1:— 2 ~20 10" ~20 10"
2 £ 5 16
3= :. ;'15
=10
°cmw::rvm _— g X
g = —_ - Y
';_ = o wn 5
:i e : -10
af- = e A5
= s e R oo, e 2064540 5 0 %Io&gl
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pE

Performance: threshold and noise

Chs.

- Motivation: lower threshold - lower pixel charge
reconstructable —better spatial hit resolution

- adjustment done with help of internal calibrate signal
(VCal)
— Limitation: x-talk in ROC
— Mean (absolute) threshold = 2457 electrons
—in-time threshold ~800 e higher

- In principle possible to lower threshold by ~500-1000 e
without getting noisy pixels by lowering the V,,-DAC
— Threshold not anymore homogenous in the whole

400

200

1000

CMS 2010

preliminary

Mean:
RMS:

Entries: 15570 |
2457 |

244

| Noise of Subset |

1 1 ‘ 1 1
1750

1 L ‘ i 1 I 1 _
2500 3250

4000

Threshold [e ]

detector . ¢ s oo

— Value not exactly known = soo0:- cHS preiminan 10 o o

— Test requiring injection of test singal cannot be ma § - I

cnymore =
- Mean noise less than 150 electrons 0000 Overton 1
- Conversion (from X-ray calibration): 30000

Q[e-]=65.5 x VCal[DAC] - 414 fg::z:

K 2 E A vcal [D‘AC5|]
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(25 Performance: Cluster charge

iy CMS prelimi nary 2010 ~s=7TeV oy CMS preliminary 2010 \s=7TeV
ﬁ :I T 1T | T T 11 | T 1T | T T 11 | T 111 | TT T TTTT T T TTTTTTTTTT T 11 ﬁ 18000?\ TT | T TT | TTTT | TTTT ‘ TTTT | TTTTTTTTTTTTTTTTTTT TT I4:
< 300000 Pixel Barrel - = 1s000F Pixel Endcap E
S - —MC . @ - —MC ]
% - E L 14000 . ]
@ 250001 -+ DATA . @ - -+ DATA ]
S - i S - ol -
et - - © 120001~ —
© 20000~ - ) - -
— - 5 P! C .
£ 15000 = € 8000 =
z N 7 pd N ]
10000 - 6000 B
: "o 1‘0 zlo 3‘0 4|o 5‘0 elu ?‘o alu slo 100 E 4000 } i 1\0 zlo alo 4!0 510 slo T\D alu glo o {
5000 7 - ]
u ] 2000 —
[ Hlll‘lll""ll‘.“' o :|\II il b b Lo o o gl .
0O 10 20 30 40 50 60 70 80 90 “100 0 10 20 30 40 50 60 70 80 90 100
normalized cluster charge [ke] normalized cluster charge [ke]

- Taken from CMS collision data
— Corrected for incident angle
— Tracks with pt > 2 GeV selected
« MC describes data well
— Peak position ~2-4%
— Width 10-15%
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(5 Performance: Lorentz angle

Motivation: 1
- Lorentz drift widens clusters in r¢ — better spatial resolution }0\

X
« Important parameter for MC >
2 measurement methods:
« “Minimum cluster size” measured with cosmics ®B
- “Grazing angle” method with collision data
Results are consistent in different methods and with MC \
- BPix: cot=-0.462(452)%0.003(2)
- FPix: cot=-0.074(74)==0.005(4)
— 1207 7T
—400¢ 1 T T T Iil45$ §_ :\ x%’ndl [21.35”\7 T {:
=:350(- AL E . |0 -1.659 + 1.536
€300 ' 3% 2100 [p1 o912 00101 5
250;_ o [ ! __ 135 % i + 900 GeV data, 3.8T
2005_ . I' i ", :- . _z 30 % 80:7 — linear fit —
50 :"Ii"1'." } . . E e § 60|~ 4
100 ' TR 1 5 | ]
50? " o 413 8-, 40; N
OE— h 1 I E 10 g i 1
s e W 2l laz214208"
{ack 106406 2000200 400 600 600 et Sherraiminay 2000 ]
drift distance [um] 0 0 50 100 150 200 250 300

production depth [um]
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==

Performance: Spatial resolution

CMS

Triplet-Method:

- Take curvature « from Strip tracker

Fit track through layers 1+3
Measure the residual in layer 2
— Measurement in layers 1 + 3 also have an error (o;)

— o0,=sqrt(3/2) X o,

c,=12.7 ym
c;=10.4 ym

Pitch: 100 um

CMS Barrel Pixel triplet residuals

14000

] . Entries 154996
| CMS preliminary * RMS .
] e 2/ ndf
12000 x2/n 188.4 /94
| Data2011 | mean -0.08852
1 [ sigma 12.71
10000 P >12GeV nu 5.154
I ¢t area 1.553e+05
8000 BG -3.645
6000
4000}
2000-
0 L A AL R B
-150 -100 -50 0 50 100 150

Barrel pixel triplet residual Ax [um]

y [em]

Barrel Pixel RMS z resolution [um]

10
5]
0]
-5—
: e
-107, -
T T T " T — 1
-10 -5 0 5 10
x [cm]
CMS Barrel Pixel z resolution from triplets
50 —
| CMS preliminary
45—: ?;3.
E oo
40 ] =) .
*, . oy
35 Ew*gg s 7 -
0] % * R
] . . o
] o L ) 2 s M a i)
25—: ';E“'E o 2 ;:"5;;’
20 = L4
157 . Data2011
10_5 [0 simulation
5_ p, >4 GeV
01— LI A E L L B B
-60 40 -20 0 20 40 60

track dip angle [°]

T. Rohe, PSI. 7t Treno-Workshop on advanced silicon radiation detectors, Ljubljana, 29.02.-02.03.2012

Page 14




PAUL SCHERRER INSTITUT

(= Expected degradation of spatia

resolution (r¢)

Chs.

Cumulative radiation damage requires increase of

bias voltage

High electric field reduces mobility of charge carriers

Lorentz angle is also reduced

Fraction of double hits is reduced
Resolution slowly degrades up to the binary value
(pitch/sqrt(12)~ 30um with current pitch)

Process is slow and steady

Detector might become “useless” for impact
parameter measurement although detection

efficiency is still high (>95%)
— Present operational limit

1.2x10% N, cm?(~400 b, 4.2cm layer) reachable
Any higher demand requires a smaller pitch in r¢
— Not realistic in the time scale of the phase |

upgrade (~2016)

— A point of consideration for phase Il (> 2020)

O, at4 T (degrees)

E —— p-spray, ®=0 nec/cmz, T=-10°C

E —F— p-spray, ®=0 neq/cmz, T=-20°C

----4--- p-spray, ®=6.7x10" neqlcmz, T=-20(’C§

---¥--- p-spray, ®=9.7x1 o' neqlcmz, T=-20"C

bias voltage (V)

A 3
"""""""""""""""""""""" . o S
‘ 1 i 1 1 ‘ L 1 i
300 400 500 600

o Barrel ¢—Hit Resolution

A. Dorokhov NIM A530 (2004) 71-76

— = 1<Q/Quyy<1.5
------------- Q/Qurg<1. #=2.4x10"°n/cm® 1000V
sof = = 1<Q/Qu<1.5 (b)
— Q/Qqy<1, #=1.2x10'°n/cm®, 600V
== 1<Q/Q,y,<1.5
= 0| — V/Qug<1. $=0n/ci?, 1507
[72]
2 =
10
Thr=3200e
o L 1 1 1
5 00 05 1.0 1.5 2.0
Inl

[Morris Swartz, JHU, taken from the draft TDR]
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(= Expected degradation of spatial resolution in z
New detector: e RSP

- Very low h (cluster length: 1): ~150um X sqrt(12)~40um
- “optimum” (cluster length 2): best interpolation

possible ~15-20um
- Larger h (cluster length >2): Interpolation more

difficult. Fluctuations in the centre of the cluster

&I i
Fd':tﬂji-‘-u 1“‘;:1'] (P

B PN 'J"r"'L,]_‘ | .“-r"lr"__,_ 4"53\‘
i B bl N
A . T =

Shanal height [abRiary unsf

AR ]Il \I JARERRN Illlll LI

e
f"r
{
-
b
( f

do no contain information. e & B——
In irradiated sensor: — |
- Shape of cluster has to be taken into account izl | |
(“template algorithm”) et | |
- If fluence is too high/signal too low: . Barrel Z—Hit Resolution
— level is low (pitch is smaller than thickness) Present Detector
— fluctuations might lead to “hole” in the clusters . [t ’“ (a)

— Present software cannot “glue” to clusters together
— Large errors in position determination

[Morris Swartz, JHU, taken from the draft TDR]

— 1.2 % 10%5 N, cm2 (~400 fb"", 4.2cm layer) reachable E “r
- Smaller pitch makes things worse 0
- Need & wof
— Lower threshold (new ROC submitted for phase | upgrade)
— Powerful software tools to “reconnect” broken cluster, which 20
is difficult in multi track environment inside jets
%0 ols 110 1'5 2I0 24
nl
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pE

Radiation effects in CMS pixel detector

CMS

Increase of leakage current
. Currentincrease ~ JL
- Scaling with fluence not trivial:

— Temperature not exactly known (~17° C)
— If avis “too high” (® is obtained by simulation and

cluster counting)
- Radial dependence ~ r -3 (“too low”)
— Cluster counting and leakage current roughly agree

- Temperature dependence
— Fitted E, compatible with literature value (1.21 eV)
— Only if constant term is allowed (else 1.13 eV)

PixelBarrel Bml Sec1 L1+2 HV1 ch

§2400

= 2200

Q@

£ 2000

=

© 1800
1600
1400

lg(0°C) = 242.79+ 17.19 uA
loyriace = 36.44 = 33.32 LA
Eg=1.18+ 0.03 eV

X = 262.64

L. [wAlem !] {corr. to 0 °C)

160 :_ —}— Layer 1 {data avg.) | i" [
140 — Layer 1 (1.7 = model) | | Jan 2012
: —}— Layer 2 {data avg.) Il ”
120 Layer 2 (1.7 x model) ; i! H‘ !
: —}— Layer 3 (data avg.) ||||||| t Al
100 — Layer 3 (1.7 x model) AL
- 1] | Hl-run
a0l } ||| _
- I Eiji ||
- i F
60 - 'i|!| | .[I!i"
- ; i! '
= i ! g i —— L
- ol 4 i
il gL || |
PE ‘-,;j!_-;..._.:.. i [Seth Zenz]
;;I h——_:.:ll E: ill I 1 I 1 1 I 1 1 I 1 1 1 1 I 1 1 1
% 50 100 150 200 250 300
Days from 14-3-2011
G160 \
S L
ﬁ140 — ATLAS Barrel: 1218.4r 3%
81201 CMS BPIX: 834.1r "%
NE 100/
< T
= L
5 80—
60 —
" Preliminar S
- y [Seth Zenz
u_llllll III I|III|IIII|IIII|IIII|IIII|IIII|II
3 4 5 6 7 8 9 10 11 12

Channel radius [cm]
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—

B

Operational limit

CMS

- For operation of the detector the development with integrated Luminosity is most important
- Extrapolation: Limit of the power supplies will be reached at ~750 fb-' (if detector is cooled to T=0° C)
- This extrapolation does not take into account annealing

—
o
L=

—h
.
o

—
=
L=

ek [uNcma] (corr. to 0°C)

o @ X

5 & =]
‘wl|III|III|III|III|III|III|III|I

B
o

20

¥ = 32.95x+4.15 fup 1o 0.14 1b7)
¥ = 26.17x+4.39 (up 1o 1.21b™)
¥ = 25.51x+4.05 up to 3.51b™)
¥ = 25.20x+4.31 (up to 5.31b™)

Layer 1

4 H
Integrated luminosity [{b™]

i, [WA/CmM®] (corT. 10 0°C)

80

60

40

n
(=]

V\‘II\‘\II‘\\\l\\\‘ll\‘\\l‘\\\l\

¥ = 32.95%+4.15 (up 1o 0.14 15"
¥=26.17x+4.30 (upto 12167
¥ =2551x+4.05 fupto 3517

¥ =2520x+4.31 (upto 53167

Layer 2

(=]

1 2

3

4 5
Integrated luminosity [fb"]

50

40

30

20

10

\\\I‘\\\Il\\ll‘\\\ll\\\l‘\\

y=1217:42.70 (upto 0.14 16
y=08.61x+284 (upto 12 1b7)
¥ =7.95x+3.00 (upto 35167}
¥ =7.79x+3.19 (upto 53 1b7)

Layer 3

.

=" [Seth Zenz]

1 2

3

Integrated luminosity [ib]
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(25 Full depletion voltage

1.2 L 171 L T 17T ] | T T 1 UL L
§ _l | | | | | | | i ;'
Ko i = 60¢
0 1___ & - '8 [
&= FEEH— oD, SR S OO O O LT i - -
w o . 50—
0.8/ — B
= B 40_—
0.6f " : : o] B
K Bpix_BmO_SEGQ6_LYR1 _HV1* | u
o 2010 OGt 28 L dt = 0:043 fb - *SEC; 30—
K « 2011 Mar 16°JL dt = 0.045fb" -
0.4\ - 2011 May 15¢] L-dt =0.31 fb - — -
- ¢ 2011 Jul14 [fdt=13f" 20l
B e 2011 Sep 07gL dt=2.7 fb'1 7 -
B 2011 0ct12 fLdt=48fb" -
0.2~ . 2011 Oct 27{Ldt=57" ] -
) 10—
O . 1 L 1 1 1 l 1 o 1 I L A s 1 L . 1 I L L L | L l- :I | | | 1 | | 1 | 1 1 1 I 1 1 1 | 1 L1 | 1 1 1 | 1 11 | | 1 | 1 1 1 | 1 1 1 |
0 20 40 60 80 100 120 140 20 40 60 80 100 120 140 160 180 200 220
Voltage [V] Days from 14-3-2011

. . . [Seth Zenz]
Full depletion voltage measured during data taking

- Bias voltage reduced from nominal value (150V)

- Voltage where efficiency drops to 95% is defined as V/,

- In future cluster charge vs bias is used for V, determination
« Minimum of V4 will be reached in the inner layer during 2012
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==

Radiation induced effects in the ROCs

CMS

SEU

- Some “events” in all electronic components in the
cavern

- Typically disappear after reconfiguration or
reprogramming

- Down time for “pause — resume” ~30 sec

Permanent changes

- Analogue current increases

- Thresholds increase slightly

- Both could be explained by a drift in the band gap
reference

Lab-Measurements

- y-Irradiations
— At the present dose (<10 kGy) no visible effect

- Hadron irradiation
— Module used in pion test beam showed similar effec
— Heavily hadron irradiated irradiated ROCs show
clear shift in the band gap reference which is already
saturated at the lowest fluence (3 X 10™N,,cm2)

PSI47 bandgap

— 12.00000
SE
= 10.00000 e bgT
% 8.00000 —m—bg2
2 bg3
g 6.00000 | d
s bg4
> 4.00000 - bg5
>
£ 2.00000 —a—bgb
2 —+—bg7?
0.00000 T \ \ \ \ T
50 100 150 200 250 300 | ———Pd8
dose [kGy] (with annealing)
(keyI ¢ [P. Vogler]
— 2.6
& F
e 250
N
E 2.4:—
= -
g 23F
® 221
3
21 = —— ©=00x10"n_ocm”
= ©=3.2x10" nem?®
- ©=4.2x10" nem?
190F —— ®=62x10" nem®
- ©=6.1% 10" n_em?
1.8 —— ®=11.0x10"n_cm?
- ©=28.0x10"n_em?®
1.7 ©=51.0 x 10" n_em?®
1_E:|| ||||||||||||||||||||
0 6 8 10 12 14

Set DAC Value
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(5 Motivation for upgrade phase |

- 0.03
“o/0.025
L i M protiminary 2010 Present Pixel Barrel GeTTW
- :;' "".._ —_ e e e R e e R e e e e e T )
10} ;':'{j- IR, 0.02 gm @ Data O Simulation p, in (1.0 0.1) GeVic, bj < 0.4
,'E:’“ }. 160 M Dota [ Simulation p, in (102 0.2) GeVik, b <04
B r'-' ':‘. g 140
o 0 42 oot .
(=} _ Alve Safh o
‘; R { g !
® 10} $§% L8 |0, S
£ 10& A 74 - g i
oL LR 3 E 0 2 3
& 20 4.+ —10.00 azimutal angle @ Tracks
o % |
-3 NI 17 bR PRI BT 18 . Dl Tl GO S R PG A 0
930 -20 10 0 10 20 30
nucl. int., Data\'s=7TeV X (cm)

Part of the motivation for the upgrade/replacement planned for 2016/17 is visible in this plot:
*Reduction of material: CO, cooling + shift material out of tracking n-region
*Fill the gap between pixel and tracker inner barrel (TIB) and increase number of pixel tracking points
‘Barrel 3 — 4 layers, forward 2 X 2 — 3 X 2 disks
Further
*Reduce radius of layer1 (new beam pipe planned)
;ROC modifications: DC-DC converter, digital readout (use existing cables) + operate at L ~ 2 X 103 cm'?s-
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(5 Ultra light mechanics and CO, cooling

100 bar pressure tested
Tubes, 50 wall thickness

Weight Layerl: 42g + 7g CO, =-> 30% of old first layer X/X,

- Cooling fluid in the pipes contributes significantly to the material

— €02 - cooling gives significant improvement

— high pressures (~60 bar @ room temperature), CMS cooling tubes ok up to 40 bar - special startup/safety
- Ultra light mechanics made out of the cooling tubes and carbon fibres
- Less multiple scattering and improved impact parameter resolution
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(25 Material in end flange

Presently much material is present

in the end flange of the barrel

§ (connectors, signal conversion

boards, etc.) which is still in the
tracker acceptance

: | _,,".‘:0‘” \ % "( ;
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== Shift material out of tracking region

Current BPIX Services

r [em)

End flange prints n=1.2 n=1.5 n=2.0
with connectors
20 R BPIX supply |on
! FPIX service cylinder
. “.. AOH & mother board
10 DOH Power boards
L2
Sensitive areas
0
20 40 60 80 1002 feml
n<2.2 : weight = 16.9 Kg (3 layer)

Current 3 layer

radlen
o
o

<
B . Upgraded 4 layer , « !
C 0.4 . > .
2 .
C 03
Q
T
'_5 0.2
©
s
%

Upgraded BPIX Services

r fem] n=1.2 __ n=1S5§ n=2.0
20
Connector t:oards s
10 Opto hybeids & mother board
L7
Sensitive areas
0
20 40 - 60 80 100z fem]
n<2.2 : weight = 6.5 Kg (4 layer)
35 -
%o Current 2 disks ¢
03 Upgraded 3 disks

Radiation length
o

;
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(5 Geometry of upgraded barrel

Total 1216 modules (1 type only)

0 | o — — ~81 M pixels ~ 1.6 X present barrel
OLD NG Cayer 1: R=29.5 mm, 12 faces
N . .
beam pipe radius < 22.5 mm
, Layer 2: R=68mm, 28 faces baseline
N\ Layer 3: R=109mm, 44 faces
'\ Layer 4: R=160mm, 64 faces
I\
|
’l
‘.
//’/'
~ NEW
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T Changes in pixel module

Cables:
SRR e aes .-u“'..- “ﬂll" e *Al wires (power)
Q , — /4 Kapton (signals) /
el > Upgrade: Al wiresonly ==

HDI: Very thin, very fine pitch flexible HDI with token bit manager chip g
(TBM) and passive components
Upgrade: redesign TBM, less and smaller passive components

Sensor: n-in-n, bpix: DOFZ, fpix: FZ
Upgrade: unchanged
options: mCz for outer layer (pi/n ~ 2.5), n-in-p, tight schedule)

16 ROCs: 0.25um
Upgrade: chip will be upgraded (but no complete redesign) still 0.25,
thinned down more aggressively (175um — 75um) in inner layer only?

2 base strips
Upgrade: omit (in 2 inner layers only?)
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(5 Changes in the ROC

1176um

- Data loss reduced by changes in ROC 8005 um (52 pixel)
+ new versions submitted in Jan 2012 " = K
- Still 0.25 uym PSI46 ROC |-
. PSI46xtb 0
— Increase depth of g am 5
— Data buffer 32— 80 2 Es 2
_ Time stamp buffer 12— 24 5 5 g
— Layout optimisations to reduce x-talk etc. 3 - S
— Some unnecessary DACs removed v |
. PSl46dig i P o
— Binary serial readout 160 MHz g8 _é_ g

— Additional buffer stage
- Further submission this autumn
— More fundamental changes in the architecture
— Aimed for 29mm layer and L=2 x 1034 ¢cm?2 s
- No additional cables can be pulled _2oum
— 160 Mbit/s serial binary data out
— Use of DC-DC converters (Aachen)
- Very low power and mass link at 320Mz
« Use ~1m long micro twisted pair cables (Copper-Cladded
Aluminum)
- Send/receive chips done

[a]
control interfac CiB

Self Bonding Et
Polyamide

Isolation
Polyester

Cu
Al core

125 pm
Al core + Cu
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(5 Sensor

Chs.

Present Sensor suitable for phase | upgrade

- Qperative up to 1kV (present limit set by power
supplies and specification of cables and
connectors: 600 V)

- Cost are acceptable (main cost driver still
bump bonding)

+ Upto @ ~1.2x 10 N, Jem? (JL~250/fb 2.9cm
or ~400/fb at 4.2cm)
— Spatial resolution “ok”
— Signal height/efficiency good

+ Upto @ ~ 2.4 X 10 N, Jem? (JL~500/fb
2.9cm)
— Signal height/efficiency probably ok
— Binary resolution in r¢
— Holes in clusters along z

R&D ongoing for single sided n-in-p sensors

- Parylene coating still under development

- Yield of large modules unclear

- Not an option for phase | upgrade (time)
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==

CMS pixel detector

*works well and is an important tool for physics.
*spatial resolution ~10um in ro,

*97% of the ROCs functional

First signs of radiation induced changes
*leakage current in creses ~ luminosity

eradial dependence is lower than expected
«scaling with fluence is difficult

Minor effects in the ROCs visible

Phase | upgrade

*4 |ayer system (innermost layer at r=2.9 cm)
*strong reduction of material (due to CO, cooling)
*ROCs upgrades to handle high data output
*Sensor remains unchanged

e
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