The CDF Silicon Detectors

Construction, I nstallation and Commisioning

Amitabh Lath
Rutgers University

Columbia University, Feb 26, 2002






r {cm)

With 376 modules, 722,432 Readout channels
Silicon detector is 15x larger than in Runl!
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Lots of silicon.

L ots of electronics

L ots of multiple
scattering sites.

Layer Inner/Outer Axial | Stereo Stereo

Radii [cm] Pitch | Angle Pitch
(] [rm]

00 1.35/1.62 25

0 2.5/3.0 60 90 141

1 4.1/4.6 62 90 125.5

2 6.5/7.0 60 12 60

3 8.2/8.7 60 90 141

4 10.1/10.6 65 12 65

5 Forward 19.7/20.2 112 12 112

5 Central 22.6/23.1 112 12 112

6 Forward 28.6/29.0 112 12 112
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:x scatter plot of conversion vertices (CTVMFT)p .~
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Silicon Detector Basics.

A silicon detector 1s a ionization chamber

Sensitive volume with electric field L @
knergy deposited creates e —h pairs - l
charge drifts JL
Gels integrated il I I

Then digitized

And [inally readoul and stored




Double Sided Silicon. Readout on both sides

Si02 layer (3 microns)

Al readmy/

P type implant

N+ type implant




The SV X3 Chi p (not to scale)

Bonc_ji ng pads to
hybrid. A Analog Front End (FE) and Digital
Back End (BE)

" FE has relatively low noise
Integrator and 42 cell analog
pipeline with 4 buffer cells

" BE has comparator, ADC, and
sparse readout

N Deadtimeless:

"~ Capable of analog operations
during digitization and readout

A Dynamic pedestal subtraction (DPS

- Enables common mode noise
suppression

Analog pipeline
42 pipeline célls,
one per 128 channels
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Bonding pads to silicon sensor



L ots of wirebonds hold the system together.

" Chip critical bonds: 310400 (chip wire bonds)
" Ladder (module) critical bonds: 10416 (bias lines, control lines, optical links)

" Wedge-critical: 816 (control lines)
" Non critical bonds (single channels): 1748000 (strips)

Port Card

HDL
Recm w: chi p

L
= /ﬁé\m 7

Hybrid




Jumper

Sensor, Hybrid, Chip Layout

Phi side 8

Chips
fingers
HDIs







Wedge structurefor SVX: asking for trouble?

Cooling Bert Gonzalez

.'...a E“%

HDIs

Bulkheads,

2 shown,
6 total

(3 barrels)

"Wedgein abox"



|SL Carbon-Fiber Frame

|SL Ladders
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Problems found in Production: jumper Hv

B annnnnnnnogn "+ Jumper did not hold high voltage.

N Takessignal, HV from phi side
to Z side

A signal/ground traces close to
HV traces

" Took ~20 hrsto blow!
" Solution: copper wire.

" MORAL: Don't trust electronic
design features. Small isdifferent.

Bus4
HV
Bus 4*




RMS Noise on Pedestal RMS Noise on Pedestal
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Problems found in production. micron sensors

Channel Number | =-

] N-sjde = +60 V
E P-side= 0V
] 200 400 600 800 o0 1200
Channel Number |
L‘“‘"’-h-d H J \ e
r‘i 200 400 600 800 10 1200

" Micron Sensor (for SV X) could

not be biased on both sides

N Usua depletion bias
scheme callsfor +Vbias/2
on N-side, and -Vhias/2 on
P-side.

With neg. bias, noise erupted
like acne on ateenager.

N Similar to DO noise
problems.

Solution: do not neg bias
(reduces projected lifetime).

MORAL: Keep close watch
on silicon vendor's QC .



Problemsfound in production: Micron sensors:

" Micron Sensor developed

. N "grassiness'.

o T i Affected 11 out of 360
, ladders.

* Ladders still ok for physics, but
with reduced S/N.

= Originisbuildup of oxide
charge.

" MORAL: Keep close watch
on silicon vendor'sQC .




Pinhole Prob /5 Hours

Pinhole Prob /5 Hours

Problemsfound in production:

=
b

Sensor (Hommamatsu) under 180 V Bias.

60 7
Hours under Bias

der 140 V Bigs.

Hours under Bias

Infant mortality

L ong term component (flat!)

40 50 Gl 7 =-

Hammamatsu silicon

" Hammamatsu sensors rated for

~200 V (100V/side).

N Sensors have bias
capacitors built into design.

A 3 microns of Si02 b/wn
silicon and readout strip.

* During burn-in, we found

Hammamatsu sensors produced
"pinholes’ ( single-channel
capacitor breakdown )

beyond "infant mortality" rate.

Solution: Can't crank hiasto
desired level, reduce projected
lifetime.

* Moral: Don't trust vendor

specs. Test.



Silicon I nstallation
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Slicon Installation
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Problems found after Installation: ist. central cooling
* ISL cooling system
By By _ =y has epoxy blocks.
205— f’fwﬂ\% \ 20— / 2::::E ep y
LN — LA = A Central ISL
I ' 9 R @ i cannot be turned
\ e/ ol on.
-m_—l F / 10 101
RN : 5 , .
o N A - Solution: Surgery.
QP;DHIJJIWI”;QHHN _3?3::::”12'!5””-1|n””t|:|“”1|u””z|u””3c| -30302u1lu ”I1:5””2|n“||:au La%r’ flberoptlcs
e e e (and prisms to shoot
JCluste s on tracks: Barrel 1 F::;:ﬂ:cntmck::ﬂurml2 | around Corners).
: N Works! Oneline
: N\ roto-rootered,
E recovered.
" Moral: Full system
tests.

Central |SL off
(recovered ladders o

East, West I1SL ok.



Landau MPV for chip

Landau MPV for chip
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Problemsfound after Installation: avbp2 problem

C SurClusQ nTrREAW2LASS] R139327 ' S i L

E 100 ]

E Good ladder landau history :

- gof

'E— ) ' 53 ar

E ¥ @ Octaccess ' e

:_ﬁ A mlﬁ a8 8 -ﬂ - Rl comotand )

: .Z::g; uﬂl IEOI I I4ﬂll I IEﬂH 2]+ I 103 I 120 14-'.? {160 180 200

E _ |venip3 " Chip failure (3 chip

E . 'S L = own). Takesout all chips
1200 1250 1300 1350 1400 downstream .

Run Number

Problem ladder landau history

i P jt I! L1 | I | 1 x‘u
u‘I'ISD 1200 1220 1240 1260 1280 1300 1320 1340 1360

| L | | |.|-._|_|_

,,,,,

n Number

N Silver epoxy joint on
"finger" suspected.

A Small number of ladders
affected.

" Solution: Reduce power,
thermal cycling

" Moral: Torturetests
before installation.



Other Problems, Back-End state

" Front End (analog) of chip sees charge buildup from Back End
(digital).

N Pedestal, noise for ADC can be depend on digitizer state: acquire,
digitize, readout, etc. (See separate plot).

A Can tag state by "time since L1 accept" which is part of readout.
" Solution: Calibration tables x4 for different back end state.

N Database people don't like us much. (700k chans: ped, noise,
dnoise x4).

" Moral: Isolate analog and digital parts.



Track Z position
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One problem we did not have: Ealy sensor Desth like CLEO

Re Clusters on trocks Run 117303,117370,117373
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Phi 3, Layer 1 Re clust on tracks

Clust X position

CLEO aso used
Hammamatsu Sensors.

They saw early sensor
death (few krad!).

Large circular patches
on their sensors had
zero efficiency.

Studied early at CDF.
Not a problem.

CLEOQO sensors have
p-strips directly
coupled to readout.
Cangive SN ~ 50 if
It works.




Left
sideband
10 strips

Clustering Studies

Isolated track
found with other lavers

Right
sideband
10 strips

"~ Put aladder (SB3WS8) in Readall

mode.

A No Dynamic Pedestal Subt,
A No threshold applied
A All channels readout all the time.

" Produce unbiased clusters by

removing layer under consideration
from track pattern recognition.

" Make quality cuts on track, fiducial

region, isolation in svx.

" Make signal and two sideband

regionsin silicon of 10 strips each.

* One Hammamatsu and one Micron

|adder studied so far.
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Arewe collecting a

signal :
(dflt clustering)

| the charge?

perfect clustering

charge (ADC)

—25 0] 25 50 75 100 125 150 175 200 —

25 75 100 125 150 175 200

to within 10%.

Noise from data runs (this study) is egual to noise from calib runs (default)
Default clustering loses ~10% of the charge (difficult to
recover). Both signal and noise are as expected.




Q on corresponding Strip from LH sideband

|s Dynamic Pedestal Subtraction working?

long range charge correlations: L2(g—side)

Z : Common mode noise... jﬁ% + J(
= E —|-—|—++++_._ +
iy +
By H DPS—OFF

B — ...goes?LNay w/ DPS (emulation) )

“ - <\> ﬂ\:} ++ e +++ <~> .
ol _ }

2 DPS—ON
Q on strip from RH sideban q(i)/ADC

There1s common
mode noise on the
strips, and

DPS suppresses it

efficiently.




Silicon Performance: Level 2 Trigger

SVT Impact Parameter distribution

1000 G=48 LM (includes 33um beam spot)

800 1
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E |
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i
E0 Tails should lessen

with bad channdl
suppression.
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SV X, dl six ladders.
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Jpsi to nmevent. M = 3.0859
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Number of Events / 25 Mev/c?
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Silicon used in preliminary physics analyses

/>t

COT only

4.0

Events / 25MeV/c?

250 T T T | T T T | T T T | T
| —— Si JAy 434224 events. 6=21+0.01 MeV/C? il
200 [ : - _
: with silicon
150 [ .
100 .
50 I + —_
: ML T IV :
- »
r N
D 1 1 1 | 1 | | | | 1 1 | 1 1 | |
2.70 2.90 3.10 3.30 3.50

up Mass GeV/c®

Silicon not aligned, several ladders not
working in this dataset.



O tracks’ Total number of tracks

Alignment Matters.
Eff. Before and After prelim Alignment
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Basic Alignment only: barrel, wedge, ladder.
No sensor level (bows, twists, yaw, pitch...)



pseudo-ct sideband subtractec4

Jpsi from B-decays
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Up Next: LOO

100
g . S L 0O promises to
2 L 1L 1L | improve I P resolution
‘% 60 by X2
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L ayer 00 Construction | ssues

Cables, shielding,
NoISse.

Some LOO |adders
have large pickup
noise that must be
filtered out offline.



| Number of Integrated and Biased Ladders |

Sun Feb 24 20:15:47 2002
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| Luminosity with Tevatron store number | Sun Feb 24 20:15:17 2002
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CDF Silicon In Good Shape

~ In 2000, CDF management was considering "de-
scoping” measures.
i Don't build Layer 4 (one of two SV X stereo layers).

~ We elected to build the full detector, gambling
that the Tevatron would turn on slowly, with lots
of low luminosity running allowing usto
commission. We won that gamble.

i But commissioning a detector in "full publicity" mode
IS tough.

~ Few large problems remain (ISL cooling, L0OO)
but Silicon is mostly ready for physics.



Conclusion

* CDF Silicon isworking. Some problems remain, work-arounds

will be needed.

* Double-sided siliconisahassle. Let'snot do it again. Two
separate sensors don't add much to the material budget.

* New detectors (CMS, Atlas) will have huge amounts of silicon.
Boutigue methods used so far will falil.

= SM, MSUSY Higgs within reach.

Higgs working group neglected:

-1

Layer O0.
i Z tracking.
A SVTinLeve 2 Trigger.

- Let'sfind the Higgs before LHC turnon
(CDF+DO effort needed).



