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k.2 Why a Silicon detector in CDF? silicon

TeVatron University detector

CDF note 362 (October 1985)
e Will improve significantly the resolution of the central tracking system.

e Will allow tagging of decay vertices of particle with lifetime in the
10-13-10 -2 sec range

e Allin all it promises to be a powerful tool in the search of rather elusive
processes like Higgs, top, or fourth generation quark production.

- xCTC only
oCTC+VTPC
s CTC+VTPC+SVX

A | ® Improves momentum resolution
ol ot o (x 2 at large p,).
0\ _. | | ® Improves impact parameter
\\\ ; resolution (~ 20 mm)
Gino Bolla, Purdue University Evoiution of Silicon Detector in CDF
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the CDF

What should i1t look like? silicon

TeVatron University detector

u Evolution of

CDF note 362 (October 1985)

Proposal:
> Design (conceptual)

- 2 barrels (total length of 60 cm)

- 4 octagonal layers (2 equipped on both
sides)

- 37888 channels

> Use of established technology

- Feasibility relies entirely on the
existence of suitably miniaturized

integrated preamplifiers

BN N
e /gmg;g <CAREON FIBER -
SR SANDWICH
,
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the CDF

What |S |t7 silicon

TeVatron University detector

* Evolution of

A silicon detector is a ionization chamber
> Sensitive volume with electric field
> Energy deposited creates e-h pairs
> charge drifts
> Gets integrated
> Then digitized
> And finally readout and stored
(Buffering and discrimination stages could be implemented)

12

ADC HHHHH —
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Why Silicon ? silicon
TeVatron University detector
® Why Solld’) GAS Liquid Solid
. Density low Moderate High
> Increase Charge yleld dq/dE Atomic low Moderate Moderate
> Fast response number 2
. .. lonization Moderate Moderate Low
> Better charge collection efficiency energy e
= ! ' : ' ol _1 Signal speed Moderate Moderate Fast
& .
® Why semiconductor?
T ALPHAS
- "“I' | o eLecrrons B > Conductor
N S Bl dbiia 4 > Small electric field
5 »Large DC current
T .
g > |nsulator
S ; > Small signal charge
" Gk /SIE 1) > Semiconductor
= 055 x(fugheiey > High electric field
= i >“Large” signal charge
3 . >Small DC current
» Reversed biased
% | I SR p-n junction
BAND GAP ENERGY [ev)

Gino Bolla, Purdue University
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bl Reverse biased p-n junction (depletion)

TeVatron University
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When reverse bias is applied the silicon is

Evolution of
the CDF

silicon

detector

depleted of the majority carriers.
In asymmetric junctions (usually Na>>Nd)

W = \/Zem.r n(Vapplied + Vi)

Capacitanca [pF]
O

1E+2T

Cul/w

n i al
Bl Varltgges ]

L dic ey, I
=

:l/(:z Ll\/meec

Bias Vollags [V]
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Reverse biased p-n junction (I

Ieakage)

Evolution of
the CDF

silicon

Thermally generated minority carriers contribute to DC leakage current.
> Could be dominated by breakdown phenomena (induced by defects)

> Used as a macroscopic parameter for QA
> Strongly dependent on the temperature

detector

10 g

i 'l L 1 1

Leakage Current V2 Temperaiure

" WEREE

Gino Bolla, Purdue University
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H - 1 : : silicon

Fevatron University Reverse biased p-n junction (mip signal) eon

e mip release 390 eV/IM & €. . =3.6 eV === signal ~ 4 fC
@ Signal is proportional to the thickness of the depleted region
® r=4KWem &d=300 M ==mp V.~ 40-50V
@ Charge is available at the electrodes in time scales of 10-30 nsec

280F

240-

200r

160

120

80r

40F

0 20 410 (:;O l80 1IOO 1 0 140
PULSE HEIGHT of CLUSTERS (ADC counts)
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the CDF
v ey, 01@F@E sensitive amplifier (1deal) slicon
e Inverting vgltage amplifier v = (A+ 1)V
e® \oltage gain
dVddVi =-AP Vo =-Av Qr =Civr = Cf(A+ 1)\ﬁ
Ce

J | Q=Q (snceZ =¥)

- Ci= QM =Ci(A+1)

;:1J I“ CdVe AW -A_ -A 1
Aq = = = = X
d@ GCx» GC A+l G

e Out of Q; signal only Q, is measured

Q_C.__G_ Q _ 1 L 1 .
a—aﬂh—a"Ci_FCdet—l-'-%»l (If Ci >>Cdet) AQ ))a If (A >>1)

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 10



the CDF

How iIs It read out ? silicon

TeVatron University detector

* Evolution of

ELROPEAM ORCAMIZATION FOR RUCLEAR REFEARCH

e MICROPLEX amplifier in use by MARKII
S, (SLC) and DELPHI (LEP)

” i s ® CDF note 475 (May 1986) evaluate the
S A s MICROPLEX for use in SVX

CHEIU, Genem, Saizeiand

CERN=ER/§

1585

chemees e s K e > Tevatron implies:
o - Longer interaction region (30 cm)

Uniwersity of Califernls ot fania Cne, Senis Cruz, Califoriss

> Longer strips = more capacitive load

> SIN too low
ety s, i - Shorter time between collision (3.5 nsec)
> Not possible to run with “pulsed” power

Jumes T. Walkes
Hantard Universdty, Stanford, Californla

A Bt st st e v s . 1 > It is necessary to develop a readout chip
e dedicated to the Tevatron constraints
HeY A g e > Beginning of the SVX saga (SVXC,

o s Lo e L SVXD, SVXH, SVX2, SVX3........ SVX47?)

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 11
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SVX, DC coupled sensor and SVXD chip

Evolution of
the CDF
silicon
detector

Leakage current is integrated

with the signal and has to be
subtracted

X\
si 0, RN NN ]
, —~—pe
p
h
.hf
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: silicon
TeVatron University SVXD readOUt Chlp detector
® S/N >10 with 30 pF load.
e P<2.5mWich
i s B s, P _
DET c o e Total readout time <1 msec
UI"I>-I I——/ — 1 > CMOS 3 mm
Cg
c
T ] T s D > 128 channels
CAL  C, B Bup? - Good charge collection
D > Cf=0.3pF and an open loop gain
s g I e | — 2000 implies Ci=600 pF >>Cdet
x—-b-_[> Logic Latch —Y - Sample and hold stage
il > Sparse logic
Pin - Comparator and latch
: I > 1st Sample and hold stored on CC
E”‘?”"V Latch égaress (leakage+threshold)
Y =1 Logic
= 1st Sample and hold stored on CS
oo oro  TTTTTT (leakage+signal)
Ao AG ~ Difference set the latch

Gino Bolla, Purdue University

Evolution of Silicon Detector in CDF

- Readout time is set by occupancy

not by number of channels
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W Noise components Jheon

TeVatron University

Total Noise ~ ENC = +/Nc? + Nsnot? + NR?

“Capacitance” noise

Ne=A +kC Thermal noise
Shot noise N
RH ———
Nshot U A/ l1esk . «/Ru
255\5&-
Noise vs leakage current : N le-]

B0

o o5 1 15 2 25 3 35 4 " RIMO]
Leakage Curreni [uA]
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the CDF

SVX was built and did its job siicon

detector

* Evolution of

TeVatron University

e Very different from initial proposal, took 30 pb! data (1192-1993)
® LO S/N decreased from 9:1 tp 6.5:1 but still good over Run la
® Run 1b target luminosity ~100 pb? (SVX has to be replaced)

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 b 15
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TeVatron University

“Proposal For an Upgraded CDF detetctor”

Was published on October 9, 1990. Here are the last few
sentences of the SVX chapter:

..... aprogram of high sensitivity B physics would be greatly
enhanced by the addition of a secondary vertex trigger ....
Promising schemes with associative memories are under
development and we anticipate employing one for the 1993 run

Vertexing can be significantly improved by an inner layer closeto
the interaction point. Simulation studies show a 30 % increase in
B tagging efficiency for an inner layer at aradius of 0.5 inches.

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001

Good ideas but slow implementation silicon

detector

p. 16
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the CDF
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detector

Power on (average of 4)

oy

L i 1 i E 1 i 1 b i [l 1 ] i I

$

20

® CDF note 1391: “... the “high” level of radiation ... the i
associated increase of leakage current would bring the preamplifiers :ég-gg 3
out of range” Bozs ¢

0.24 E
> DC to AC coupled sensors oo £
0.12 =—
® CDF note 1741: “We conclude it will be necessary to replace the oes £
. i . . 0.04 E
first two layers of the silicon vertex detector at CDF due to radiation )
damage after an accumulated dose of 30 krad”
> SVX D to SVX H readout chip (rad hard)
SVX Leakage Current Change < 28 |
~ 12 ' 2 g €24 O Power off
Q9 = ‘ : S
a 1 E o Layer O T 22
< = \ 8
E o8 = g 2.
> 0.6 > 8
s = R -
X 04 E 518 4
5 = 1.4
- 0.2 — ...... r"“ +
g = , 1.2
0 =4 {1 J ' | l | .| ' | T I | I |
0 20 40 60 80 100 1
Radius (mm) 0 10
Gino Bolla, Purdue University Evolution of Silicon Detector in CDF
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the CDF

Radiation damage (2 mechanisms) silicon

detector

u Evolution of

TeVatron University

@ Displacement damage

> |eakage current increase
linearly with the absorbed
dose

> Change in effective doping
concentration (changes in

HOLE ELECTRON ELECTRON HOLE TRAPPING
EMISSION  EMISSION CAPTURE CAPTURE

¢ x

—> |0

ol—>|@
4—.—

Vdep)
> Charge trapping (signal : , S ] |
loss)
GATE OXIDE FIELD OXIDE
SOURCE GATE DRAIN I I
0 Ve Ver e lonization damage

> Threshold shift
> Noise and gain deterioration
> Decrease surface mobility

CHANNEL

p SUBSTRATE

V-
Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 18
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SVX' done! siicon
TeVatron University | detector
Features SVX SVvX
Silicon DC-coupled AC-coupled
(FOXFET BIASED)
R-O chip R.S. SVXD R.H. SVXH
Sampling, Quadruple Double
Noise 2200 ENC 1300 ENC
Radiation limit 15-20 krad 1 Mrad (chip)

Mechanically almost the same!

Wedge B [West] Bias ouTents vu Fodioton dose
Ing /st ERed]

Supposed to die of
shot noise when
| eai/StHP ~ 1MA.

This should have
been way bigger than
the expected 100 pb

1 1 1 1 s 1
o 3 1 12 2 25 a0 3o 40 =] ac
Dos= gt Loyer 0 [KRod]

Evolution of Silicon Detector in CDF

Gino Bolla, Purdue University
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Excess noise

- @ |  §

GATE BIAS  GUARD

DE PAD
|_ — gw mm ——
b0 -

Mechanism not fully understood but

'u— OO

clearly due to the FOXFET biasing

structure. Future polysilicon resistors.

Gino Bolla, Purdue University

Evolution of

e AN

The FOXFET ruined the party.

Unexpected noise contribution.

Still SVX' made it to the end of RUN1Db

Signaol—to—noise

L
i
i

change in operatin
ﬁ. o ng

conditions of SV

end of run 18

: :-:. N ““K\

T start seeing effects on physics—_ EKK
| becoming hard to use

Cov vl v b v v v v b by

0 50 100 153 200 250 300

Evolution of Silicon Detector in CDF

Luminosity (pe™")
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the CDF

SVX' to SVXII big step! siicon

detector

* Evolution of

TeVatron University

® Increase acceptance and coverage of luminous region along beam

> Previous CDF vertex detectors covered interactions within |z| < 0.27 m,
New silicon detectors designed to cover |z] <0.43 m

> |[nteraction region expected to be more concentrated in z in Run Il

> Increase silicon angular acceptance to cover approximately h £ 2.

> Qverall effect should be approximately a factor of 2 increase in
acceptance for particles with good tracking and vertexing

e Improve top tagging for high-p; physics:

® Improve B physics capability of the experiment

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 21
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SVX' to SVXII big step! siicon

detector

TeVatron University

Goals and Features:
® Deal with new Tevatron
parameters:
> 132 nsec between bxngs

> Much higher luminosity
and radiation damage

® Precise 3D track impact
parameters
> B tagging: top, SUSY,
Higgs
> B Physics
e Improved forward coverage

® Levelll displaced-track
trigger (SVT)

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 22



the CDF

More inside and more outside! silicon

TeVatron University detector

* Evolution of

CDF ISL
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the CDF

Double sided silicon silicon

TeVatron University detector

* Evolution of

Both sides of the silicon wafers are segmented.

A combination of 90° and small stereo angle ; ¢ s s oy
Capacitance Minimization

Double metal layer necessary to readout the 90° sl o g S Bt

Layar 0 Layer1 Layar 3

Chip needs to be N

// able to read both ik
- electrons and holes.

Number of channel " e

per volume unit goes N e

5 to the roof

It allows 3D tracking

Gino Bolla, Purdue University Evolution of Silicon De



the CDF

Very complicated modules silicon

detector

u Evolution of

TeVatron University

SVX Il half ladder, consisting of two silicon
sensors wirebonded with the readout
electronics mounted on the first

SENsor. Wirebonds— o

Electrical Component
Hybrid

S LT = Wirebonds

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 25
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the CDF
Tev.?‘mn ey, More inside and more outside! Slieon
Layer 00 SVXII ISL Total Run 2b | SVX

Layers 1 5 2 8 4

Length 0.9m 0.9m 1.9m 19 0.6

Channels 13824 405504 303104 122432 48080

Modules 48 SS 360 DS 296 DS 704 96

Readout 14.8 14.5 21.5 30

Length

Inner radius 1.35 2.5 20

Qy"gﬁ radius | 1.65 10.6 28

1.4 kW 1.0 kw

«— B4 cam >

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 26
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the CDF
A brand new readout chip silicon
TeVatron University detector
I
SVAEFE E SVIX3BE
Pipeline Control Logic i
= i =
= _ _
E & Analog Pipeline el 2 VO Z
£ o I ﬁ B =
Z B =N i
- o 128 Channels | g =
: 3 5] 2 E
ER N 13| 2 |[anc :
7 || E o] § || || %
e = 47 Storage cells / channel || 5 2 and =
¥ I | Counter
= 1
= I
i
Analog Section . Digital Secfion
|

* Rad-hard 0.8 um Honeywell CMOS « Dynamic pedestal subtraction
* Tested to ~ 4 MRad « Common to all Run Il CDF

« Deadtimeless silicon projects

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 27
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Last week 1x8 collisions silicon

TeVatron University detector

Graphic Page 1 cf 2

e Vi Laewnly S ey CATiBeR

Hotz Koty | [ITTTETTC OO0 |

bt e wewe we-h(l fral o BN eei -hi nfdet-avatem-slos nl7nb==ilicon&actinn=view & nare=- 1IR&hittor=ves 4110

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 28



* Evolution of
v the CDF
silicon

FUtU re? detector

TeVatron University

® Run 2b is going to be reality!
® Promised at least 15 fb-L.

® SVXIl was designed for 2 fb-1 but will probably last 5 (best
estimate).

® Will have to be replaced with radiation harder device.

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 29



the CDF

Already a conceptual design ??7?7?7?7?7 silicon

detector

* Evolution of

TeVatron University

e It might look like a step back in technology but the scale of the project
drives toward the minimum risk.

® The time scale to build it is very tight compared to the time spent to
build SVXII.

e It will be one more challenge ..........

Gino Bolla, Purdue University Evolution of Silicon Detector in CDF UTeV 4/12/2001 p. 30



