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1987: First signs of DELPHI Micro-Vertex Detector

• L=59 mm,
d=280 µm, 25 µm pitch.

• S/N(single-strip)=16!
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Basic ingredients of Si-detector
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• w: typically 300 µm (=0.32%X0), 24k e/h pairs produced.

• pitch

– vertexing→precision→ match diffusion width (
√
mobility × drift− time), typically 10µm. Hence

25µm pitch.
Use floating strips+capacitive coupling and connect to 50µm pitch electronics.

– tracking→save on electronics→ typically 200 µm read-out pitch with any number of floating strips.

– pattern recognition: pixels (1×1 mm2 to 50×50µm2). Essentially the same as strips, but bias=DC,
electronics is bump-bonded.
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1998: Design DELPHI Micro-Vertex Detector

• Glue 4 sensors together.

• Bond 2-by-2, +Microplex chip
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1989: The DELPHI Micro-Vertex Detector

• Manpower increases

• Photo real sensor.
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1990: DELPHI Micro-Vertex Detector in Beam

• MX3: S/N 16 for 12 cm long sensor.

• MVD-complete: 55 296 channels.

• Test: 10 880 channels
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Beam Test Performance

• Got 5 µm resolution.

• Tested stability with:

– Laser spots on Outer layer.

– Capacitive probes on end-rings.

– Both
systems also put into DELPHI, to measure
movement between Inner Jet Chamber
and MicroVertex: never really used...
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The 1990 Delphi Microvertex Detector

• Complete halve-shell

• Single Outer layer ladder.
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1991: Did it work?

• Detector installed in March 1990

• Used 1990 data.

• Performed according to expectations!
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What next: 1991

• LEP synchrotron radiation “mapped”

• Add extra shields and:

• Reduced beam-pipe:

– 1990: 1.2 mm Al ⊘ = 160 mm

– >1990: 1.4 mm Be ⊘ = 106 mm

• Add an extra layer.

• σ2 = ( 130→69

pT

)2 + (7 → 3× σVD)
2

• Installed spring 1991

+another 67 authors...
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On the DELPHI platform:
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Three layer result:

• Allowed counting
nr charged particles from secondary.

• Excellent B-tagging.
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Mike and OPAL?

• Also OPAL profited from
smaller beam-pipe radius (and from Mike..).

• Installed May 1991.
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July 1991

• Add z-readout to aid B-tagging.
Installed spring 1994

• LEP
√
s: 90 → 130 → 209 GeV

• Multi-jet events: WW, ZH

• Need to extend η-coverage.
Installed spring 1996
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MicroVertex 1994-1995:

• Add z-readout to two layers,
but keep low X/X0→ Double Sided Sensors.

• Extended already coverage of “closer” layer.
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n+ (z) Side Segmentation
---- ----

------

+++++++++++++++

n+

n-bulk

SiO2

Al

+++++++++++++++

n+

n-bulk

SiO2

Al

p+
--- ---

+++++++++++++++

n+

n-bulk

SiO2

Al

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

p-spray

Low resistance layer of free electrons near
Si-SiO2 interface (+q in SiO2) → short neighbouring strips

• Several solutions to interrupt the e-accumulation layer.

• Field plates: extended AC-coupling electrodes
put at negative voltage relative to n+ implants:

• p-stops: high dose p-implants to interrupt accumulation
layer. Originally just one big p-grid surrounding
all n+ strips, now a p-atoll for every n-strip. Also a
combination of p-stop and field plate has been produced
to reduce high field region after irradiation at p-stops.

• p-spray: neutralise
electrons by medium dose p-”spray” over whole surface.
Added advantage is the lower field near the surface
after irradiation. Also graded p-spray, modulate dose.
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Field Plate Tests

5 V
15 V
p+

• electronics=GND,
p+=GND and n+ at Vdepletion.

• SiO2+Si2N3 layer can stand >150V.

• Scan over strips with 30 µm laser spot.

• Field plate δV 5 V

• δV 15 V

• p-side
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Double metal layer and multiplexing
poly-silicon resistorp-stop

routing strip via strip-routing

42 µ m

• Double sided detectors: use orthogonal
strips, but keep electronics out of fiducial volume.

• Integrate routing lines on same detector
with double metal layer and via’s

• Closer layer: 2 strips with 49.5 µm and
1 strip with 49.5 µm pitch multiplexed to one amplifier.
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Flipped module design
Double metal n-side → larger noise:
Flipped Module Design.

• Keep electronics out of barrel-acceptance!

• Noise equalising,

• Solve ambiguity using sign of charge.

• Electronics=GND,
p+=GND and n+ at Vdepletion.

• SiO2+Si2N3 layer can stand >150V.
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≥1996: DELPHI Silicon Tracker
175k strip-channels, 1.2M pixels, 1.8 m2 of Si

θ>21

Inner Layer
R=89.5 mm and R=93.5 mm

15.5<θ<25.5
Pixel I

Pixel II
12<θ<21

2 Ministrip Layers

Outer Layer
R=103mm and R=108mm

θ>23
Closer Layer

R=63mm and R=68mm
θ>24

10<θ<18
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“Typical” DELPHI event,
√
s=161 GeV
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Si-Tracker: figures of merit.

• very low X/X0, and 3 layers:

Rφ 28 µm
⊕

71/(p.sin3/2θ) µm

Z 34 µm
⊕

69/p µm

• (p in GeV)

, Excellent agreement without Higgs.
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Radiation

Z(cm)

R
(c

m
)Compare:

• LEP: L = 0.3× 10
32/cm2s,

σZ0=30 nb: 1 e+e−/s

• LHC: L = 10
34/cm2s,

σinelastic=60 mb: 60×10
7 pp/s

• ATLAS: Neutron
(E>100 keV) fluence (cm−2year−1)

• LHCb at 1 cm radius:
fluence (cm−2) per pp interaction.
@R = 8 mm:
∼ 1− 1.5× 10

14
nequiv/cm

2 per year.
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. .Radiation continued

• Space charge inversion: n→p-type

• V∝ |Neffective|

• Atlas strip detector layer at 30 cm.

• Dominated by neutron fluence.
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. .Radiation basics
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Induced charge i∆t in two parallel electrodes:
Ramo (1939): ∆q = e d

w

• Charge will only move in depleted(field) part of Si:
depleted−Si

w =
√

Vbias

Vdepletion

• If space charge is uniform this implies:

∆q = e
√

Vbias

Vdepletion
∝ CCE

Experiments with (non)-irradiated diodes measuring CCE:

• Use α-particles (range in Si ∼= 20µm),
illuminating both p+(e move) or n+(holes move).

• Conclusions:

– Non-irradiated: undepleted=conducting

– irradiated: undepleted=insulator
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. .
CCE in under-depleted irradiated detectors
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Example for Vbias/Vdepletion=50% for 300
µm thick irradiated detector, which needs 800V to deplete.

• Remember Ramo: ∆q = e d
w

w 300µm thick 210µm thick
Vdepletion 800 V 400 V
Vbias 400 V 400 V
d 210µm 210µm
e/h 19000 19000
∆q 13300 19000

• Thinner silicon detectors are an advantage.!

• Additional advantage of thin-Si: less current, less
power dissipation: further away from thermal run-away.
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. .
Diodes→Strips, i.e. charge sharing

n

p

cce=0.5

x

+

+

cce=0.9 wd

• For non-irradiated detectors,
charge sharing is due to track incidence angle diffusion.

• For irradiated detectors incomplete charge collection,
due to under-depletion or trapping, is the extra cause.

• Compare to data: irradiated DELPHi
sensor: 25(50-readout)µm p-pitch, 42µm n-pitch.

• Line is a “naive” model with one free parameter: d.
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. .
Charge sharing: resolution and efficiency modelling

Model some “typical” detectors:

ATLAS type LHCb type
Thickness 300 µm 150 µm
Strip pitch 80µm 25µm
Noise 1500 ENC 1000 ENC
Threshold 6000 ENC 3000 ENC

→ coarser segmentation
makes you less sensitive to under-depletion.
Atlas beam-test results for 3× 1014 24 GeV p/cm2:
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. .
LHCb VErtexLOcator

• LHCb chose n-in-p, small pitch sensors.

• It took DELPHI “few months” to align, reprocess.

• LHCb on-line monitors charm yield.

July 1, 2011 - 30 -

H.Dijkstra



. .
Conclusions

• Mike had a HUGE impact on most of the Silicon
Vertex Detectors around in HEP in the last
∼ 25 years.

• While detectors came online,
Mike was already looking for new horizons:
upgrade, next accelerator etc..

• He continues doing so today!
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