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Design

6 barrels

4 H-dISi(S

4 super- layer's

in barrel _
. Llin, L3in: > | Vi Ry Barrels F-Disks H-Disks
DSDM \ /= Channels | 387072 258048 147456
. Llout, L \ | ’L“ Y/ Modules 432 144 96
single si Y i i® Si Area | 13m* 04m® 13n’
- L2,L4: DS . : . Inner R | 27cm  26cm  95cm
it - Outer R | 94cm 105cm  26cm
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High Density BULKHEAD
Interconnect (HDI) and COOLING

- Kapton based flex circuit
with SVX ITe

* Laminated to beryllium
substrate, and glued on
silicon sensor

» Connected to low mass cable
which carries signal out to
the interaction region
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Micron-UK

T

. _ n-side
72 Single Sided

50 um pitch 144 DDM
Various types
of detectors

(all AC __
COUPIed) 216 DS 2° stereo

92x2 SS +/-7.5° H dlSk

n-side

Elma-Russia [ 144 DS +/- 15° stereo 50 (p)/62.5(n) um
6/14/2004 5th STD Hiroshima - Kazu Hanagaki




events

events

Alignment
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Performance
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S/N(random) ratio

0
Significance = dca/c
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w HDI failure

+ 85% of channels are healthy Failire tould be

power line

- 9% problems in non accessible part dug to

open connectors

- 7% unstable \ e vt cilxeor;«l—cig;'e

clock traces
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w Pedestal Shift

bunches o T T T \”\ different |

* 12 bunchesin | preamp rgsett  pedestals 7
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F-disk Noise
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» This appeared only after a several

* Only p-side of fraction of the
Micron sensor
- Looks like micro-discharge

* Force us to asymmetrically bias the
sensors

wwwwwww

of
0 200 400

ﬁ

Beam
ofﬁ

800 1000
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Beam 10
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DE> Ageing

» Closer the beam, more rapidly the bulk
current increases with time, as expected

~200, ~
2180 with femperature o . mDmoMeasrement
2 160 - correction o '« CDF Run | prediction
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w Irradiation

» Increase of leakage current
- Increase in shot noise; not the show stopper

* Increase in trapped and surface charges in insulating
layers

- Lowers threshold for junction breakdown (micro-discharges)

- Helps (1) to increase lifetime limited by micro-discharge on the
n-side because the trapped positive charge tends to decrease
the fields at n-p junctions

+ Change in effective impurity concentration:

- Remove donors and form acceptors in bulk silicon

- n-type inverts to p-type after about 300 KRads

- Depletion voltage decreases until inversion,
then increases with dose

- coupling capacitor breakdown
* micro-discharge € actually limits the lifetime
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% Irradiation - beam test

after 2.1 Mrad

) °F : % o l'"DaM(n)nOCC m -
= I 0 DSDM p-side S I o n
3 o _ 3 | = DDM(n)-10°C .
8 . = DDMn-side 8 - DSDM(p) +10°C .
< 4 : < o DDMp)-°Cc
g 3 I . % e DS(n) +10°C o
S B PO Z 10 eDgn-10°C ’
: o N
2fg 1 " 5 DYp) +10°C ., o
? © DSp-side - 0 DYp)-10°C )
1t | n e B
e DSn-side I 0 ,,,,,,, é o é ,,,,,,, ,,,,,,,, 5 ,,,,,,,, g ,,,,,,, 8
| A A IR D B o o o !@g@mm
0 05 1 15 2 25 s i” -
Dose (Mrad) 60 80 100 120 140 160 180

Bias voltage (V)
* Rapid increase in noise vs bias voltage is typical
characteristic of micro-discharge (@DSDM n-side)
- Junction is close to n-side after type inversion

- Temperature dependence
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% Irradiation - impact

Tutal radiation duse [Mrag] scaled at
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Fluence of 1 MeV neutrons / cmx 10'2
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w Conclusions

- Detector is working well, providing excellent
physics, despite some operational problems
- 10-15% of channels have problems of HDI

* Mechanism of HDI failure needs to be understood
- F-disk noise
» Using many types of sensors results in
complications
- Experience of DSDM sensor
- Simpler design is preferred for future
* Micro-discharges of DSDM sensor at Layer 1
will limit the lifetime

- LO will be installed inside the Layer 1, which will
insure functionality through run IT
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w ..backup slides
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CMM Survey

16 |

= Mean —0.1458E-01
L RMS 0.5977E-01
F x?/ndf  7.105 / 10
[ Constant 13.58
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L m . . | . . I
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In the plane of the ladder Around ladder short axis
L D 101 r D 102
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1.2 um CMOS
amplifier/analog delay/ADC
chip fabricated in the UTMC
rad hard process

Designed by LBL/FNAL
Some features:

= 128 channels

= 32 cell pipeline/channel

B ] SVXIIe chip

it

LLLLLLL

B | cHarGE_MoOD
Lad

|-

L S— —r— AT

SVXIIFE

SVXIIBE

CCCCCCCCC
AB_CCOMHP

| sl | RAMP_RATE

ROPA_ISET
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= 8-bit Wilkinson ADCs
= Sparsification

= 53 MHz readout

= 106 MHz digitization
= 6.4 x 9.7 mm?

= ~ 85,000 transistors
= noise: 490e + 50e/pF

Integrators (128 channels)

To Silicon Detector
2

Pipeline Control Logig™

Analog Pipeline

128 channels

32 storage cells/channe

< >

ADC Comparators

Sparsification FIFO

ADC ramp
and counter

Analog section
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Digital section
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LV HV

Readout |rsyi—

Cables

00 O sismm chipamr——

, -
" 1
! Interface :
! Board :
1
CLKs ! Crates i
1
~19°-30° High ! (8x18) !
3/6/8/9 Chip HDI = Mass Cable |
8> Low Mass (3M/80 conductor)! !
:
1

CLKs

@’ CLKs 25’ High Mass Cable £
S (3M/50 conductor) s
ensor . =
Optical Link 17 twisted g
1Gb/s - I = PO _S ., parr cables =
Sensor ' E|! Tr1r1r =
Sequencer ! -
Q. v -
: Crates :
Trigger Serial Command Link : bre;‘kout
| 0X
Framework :
' | Pwr 25 twisted
VRB | | pc pair cables
Crates |
(12x10) :
fanout
Monitoring
SDAQ PDAQ (L3)

PowerPCs and Single Board Computers are accessed thru Ethernet
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w SVX4 Chip

I
DZero and CDF (Fermilab and LBL)
developed new readout chip SVX4

- Successor of SVX2 and SVX3 chip
- 0.25 pm technology, intrinsically rad-hard
(>30Mrad)
- 128 inputs and 46+1 pipeline cells
- 8-bit ADC with sparsification
- 53 MHz readout, 106 MHz digitization
- Programmable test pattern for calibrations,
ADC ramp, preamp bandwidth
- Pinhole clamping
- 2.5V, power measured to 0.3 W/chip
First version ready in June 2002
- Fully functional chip, used for
hybrid/module/full readout chain prototyping
Second version ready in May 2003
- Improved ADC design - good uniformity of
pedestals
- First test results all positive > accepted as a
final version: 24 wafers ready

- Ready for production - signoff completed
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w SVX4 Chip - continued

[ . L
* Noise
— For fixed rise time (69ns): ENC 10300 + 41C
(2025e- @40pF)
— Spec. < 2000e for 40pF @ 100ns rise time.
= very good hoise performance.

—e— svx3D —#— 4MRad —— SVX4 —<— 10MRad
3500
- 3000
(7))
S 2500 e
B 2000 /.%H
3 1500 -
(]
Z
w 500
0 [ [ [ [
0 10 20 30 40 50
Input Capacitance (pF)
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Noise of LO

capacitive load by sensor

= One chip All Chips /
X 5 4 > /
4 s Sensor and 7

5 «1= Only cable = cable 7

» °T bonded

g 30 —

8 b Cm W .

a {(, S— h : 2d chip no load
10 1= 2l * T e
| —

0 T T T T — T T T T
0 20 410 sl g0 100 120 140 160 180 2

All Channels

capacitive load by cable (0.8 ADC~600¢)
SVX4 ENC: const+41C =» 600e indicates C = 15pF for ~45¢cm
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» Carbon fiber has high conductivity

—— Copper
—— Aluminum
——0.014 SS
0.055 SS
——0.005 CF
——0.011 CF
——0.015CF

m
-
o
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o
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(=4
(=]

impedance (ohm)
S

f | —oo37cF
1 N/

1.00E+06 1.00E+07 1.00E+08
Frequency (Hz)

RMS ADC counts)

» Sensor/analog cable can be

coupled to the support s‘rruciur “ |

2.

capacitively

» Conftrolling proximity between
detector and support structure
important
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w Application of Carbon Fiber

=>» Special
caution needed
in grounding
scheme

Noise vs

distance

i
o

5

g

between analog

cable and

ground plane

o ¢ @ ™

gl

0100 200 300 400 500 600 700 800 900

distance (um)
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w Projected Integrated Luminosity

I

o1 °] FYO4 Integrated
1 . Luminosity o
A design
E.- ?;360
Measured
- T ’ luminosity
el .
% 44 11/23/03 1/18/04 3/14/04
311 12 pb! / week
IS also above
211 the design
| LProjection design: challenging (?)
base: conservative
i - T T T T 1
3 4 5 ] 5
Start of Fecal Year
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