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The STAR experiment

The Solenoidal Tracker At RHIC (STAR),
searching mainly for signatures of quark-gluon plasma,

is running at the Relativistic Heavy Ion Collider (RHIC)
at Brookhaven National I.aboratory (BNL)

- STAR Detect
Au+Au collision @ 130AGeV | FARERCE

SSD-2002

SVT-2001

Forward Time Projection Chamber

Radiation < 10krad
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STAR SSD layer

SVT N7 RIKE THE CENTER PORTION OF
THE STRUCTURE

h / <"«.'
SVT j - .
S50 WATER COOLING
i ETAR SVT LN RING

The SSD is composed of 320 detectors (1m?),
placed on 20 ladders, will surround the SVT

Three laboratories are in charged of the
conception and construction:

- IReS (Strasbourg)

- SUBATECH (Nantes)

- Warsaw Institute of Technology
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Double sided Silicon Strip Detector (SSD) main specifications

General specification:
- N-type silicon substrate
- Strips: p* one side, n* opposite side
- Strips biasing: punch-through

Geometric specification:
- Size: 42x75 mm?
- Thickness: 300pm
- 768 strips per side - AC coupled
- Pitch: 95um
- Strip width: 30um
- Stereo angle: 35mrad

300K m

SILICON STRIP DETECTOR

PARTICLE

MIC REIISTRIPS

g SIDE
# 1 P 1

n-Silicon
STEREOSCOPIC ANGLE

- ':__ | ey = ’_.-"'
i
J_v 40 volts | \
1-Silicon

( Implanted Strips )

Electrical specification:
- Depletion voltage £ 55V
- Bias/guard currents £ 2/5uA

Acceptance criteria:

- Has to meet geometrical and
electrical specification

- Bad strips£ 10 strips/side (1.3%)

Workshop QA for SSD
CERN, 17-18/05/01
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STAR SSD production outcome

Detector ddlivery

. Number of ssd |delive
400 detectors separated in two lots of 200 were 12 Oct__g;
ordered at EURISY S MESURES, in July.-99 26| nov.-99
115| jan.-00
440 delivered: tested and sorted according to 45| feb.-00
- PP 120| mar.-00
quality criteriaby IReS 50 may-00
_ 60| jun.-00
Production outcome
Quality Nb detectors | Quality criteria Specification
1 284 | Bad strips <4 yes (very good)
2 82 | Bad strips/side < 10 yes (good)
3 22 | Bad strips/side > 10 no (some are usable)
4 18| Ibias>2uA or Iguard>5pA no (some are usable)
5 28| Bad mechanical or electrical | no (very bad)
6 6 | Depletion voltage > 55V no
1,2,3,4,5,6 440
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== Done by Eurisys Sensor fabrication, and basic measurements
== Done by IReS

Production flow chart

Delivery I

| Registration in data base, documentation crosschecks |"

Inconsistenc
« y | 5|2
[ J [ J [ J Q
‘ Optical inspection ‘ = _g
N
Out of specification I Comments < S
Sensor placed in a test frame for bias ring bonding connection | Q Q
I
‘ Electrical tests ‘
p Out of specification I Comments +result files .
I
v
| Sensor removed from frame, placed in its original box |
Review *
|IReS-EURISY S
| Sensor storage in nitrogen cabinet |
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| nstrumentation and testing clean room
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Testing setup

[ Keithley 237 Karl Suss Probe Station PA200
HV + pA
Video camera
LabView | Keithley 2400
A
PXI 1000 P .
Z L )
Keithley 2001
Video pA + Temp
camera PA 200
output manual control
HP 4284A
] _4[ |
E LCR meter
I GPIB PA 200 controler
PC
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Production tests and
measurements

Detector test name M easurement Characteristics Occurrence | Time

1% test: Leakage current |l tota, Ibies, | guara@s @ V depletion Systematic | 3min
function of applied voltage V breakdown

Bulk capacitance C bulk as a function of applied V depletion facultative | 3min
voltage

Inter-strip capacitance C inter-strip @s a function of V depletion facultative | 5min
applied voltage

2Nd ot Strip coupling Coupling capacitance, AC strip | Nb pin-holes, strips Systematic |40 min

capacitor |leakage current metal short, interrupted per side

strips

3" test: Current stability | total, |bias, | guard 8t Operating Current values when Systematic | Variable

voltage as a function of time stabilized
Workshop QA for SSD alberto.tarchini @ires.in2p3.fr 10
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1st test: depletion and breakdown voltage

Accepted and rejected detectors

Ivias=F(V) used for breakdown and depletion
voltage determination (crosscheck with Chouik)

Counts

e

3}
=3

Detector breakdown voltage

22 Q)
A s
2 £
—Ibias (pA) 5
1,54 —1000/Cbulk? (Cbulk pF) E
A B / =
<
1 1 2
S
2 I Vbreak
05 Plateau s ’:
’ Full depletion 2" _ Detector depletion voltage
. > > |
o"":"":"":!"":"":"":-"' - 2113V£VD£6§1V
0 10 20 30 40 50 60 70 ol 19 19
Applied voltage (V) J I AT b
Plateau of accepted detectors: ot 4o ||| 562 2
28VEwWidth£43V
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2Nd test: strip coupling capacitors

P Strips. - coupling capacitance
:pinhole ) :
MS:metal short leakage current thr_ough oxide o
IS:interrupted strip measurement for strip capacitor defect determination
1000
N-SIDE
900
800 PH PH+ PHIl IPH PH
MS
700
600
500
400 TS
300
200 ——A
“IS \
100 |
Parameters: 0 . . . . . . :
CP,1kHz,20V 0 100 200 300 400 500 600 700 strips
— Capacitance (pF) —leakage current through oxide X100 (uA)
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Different types of
metal strip defect

Metal short between two strips
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3rd test: leakage current stability

—Ibia (MA) —Iguard ( pJA) — Itotal (WA) —— Temperature/10 (°C)

2,5

2
1,5 Ww

1 [d

At operating voltage

0,5

0 T T T 1 e v|'|'_|% T T T T T T T S S e e |

0 100 200 300 400 500 600 700 800
Time (minutes)
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Production test results: dead strips and leakage current

Total leakage current at depletion voltage

Entrle

Entrles

22—

bl Mean = 1.34pnA
185

165—

14 Detectors of

120 quality 1 and 2
10

=

6

i3 JW

2F

SRS i I O o T R O O O

)
=3
k=3

Counts

2 25 3 3.5 4

[ =]
oL
[+
-
-
(4]

| total at depletion voltage (UA)

Total leakage current after stabilization

100

184

Mean = 1,9 dead strips/side

____ Dead strips on p-side/detector

From database

200

Counts

o Mean = 1.61 pA
2
o Stabilization time
o always >100mn
o
2l
- A | R

a
-
[, ]
[ 5]

4 5 B
Total leakage current {(UA)
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Done with accepted and rejected detectors

174

Mean = 1,9 dead strips/side

=3
S Deadp
Iy
wn

~__ Dead strips on n-side /detector

From database
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Welcome to
D atabase Show test results of a detector
Chjact b VWaFer Zurrert Stability
Hams star_043 4
= = ssgaIaBa Tect inforrnation — ———
B . o oy S |
Database R mﬂf_ guun_diﬁ N 5 2 O | !
AbOUt 8 When: G 0E 00 LA00 T0 60 3000 400 B0 00 & 130
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Dhjects é; Main comment Add 30
B Search =) R close | P |
Status i =4
Ciuality = Ezlmjr;:r_- 2414 it
el o= Stablization time: 40.00 Pl
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Total leakage current (microA)

Additional measurements:. crosscheck of
characteristics before and after detector assembly

1 Depletlon Voltage crosscheck . Total leakage current crosscheck
0.9 e i : Dﬁpla:hon vnltage 38 V 1.2 .
. T , | SSDSTAR 171 J _______
0.7 SSR 5mﬁ...1.m ........................................................................... < 08 i -

D.ﬁ L. Lssmnner.tgdlo § ,

' o 0,6 ——Itotal (uA) with
0.5 —its readoiut electmmics > probe station
0.4— § 04 ——ltotal (uA) after
0.3- z L — 1 = 0,2 ; ‘assembly ...

._ . l’lOiseRMSOf E 0 |;||||;||||;||||

l}lz_ I el R e i I I I
- one n-side 0 10 20 30 40 50 60 70 80
0.1 readout channel Bias voltage (V)
u 1 L 1 | | 1 [ | I 1 1 1 | | | | | ; i 1 1 1 | I 1 1 SSD mOdule
0 10 20 30 40 _ 50 \
Bias voltage e e e — —
Hybrids
Detector below ‘
hybrids
TAB bonding
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» Test structure

Additional measurements;
done on test structures

Punch_through resistor measurement at operating
voltage using strip DC pads of atest structure

_ _ /\
0 - ——  \
3 3.2 3.4 3.6 3.8 4 4.2 44 4.6 4,8
< 0,01 / .
3 \ N-side
‘E -0,02 -
Qo 0,5 3
g -0.03 |- 0 \\\ \
U ’ DR S, A \\\
o 0,5 +-AV/AI=-33MU
= -0,04 -
- -1
«» 3,97 3,975 3,98 3,985 3,99 3,995 4
-0,05 - \
-0,06 = = = = = .
Punch_through resistor = AV/Al for | _strip=0 Strip AV (V)
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Some words about ITSALICE SSD layers

Layer 5and 6 of ALICE ITS are composed

of 1698 detectors very similar to the star
SSD (5.4m?).

The laboratories in charged
of the conception and construction:
- INFN(Trieste)
- Institute of Technology (Warsaw)
- IReS (Strasbourg),
- SUBATECH (Nantes)
- Utrecht University/ NIKHEF
- Ukraine (Kharkof and Kiev)

1800 detectors will be ordered in July
2001.

The pre-series should arrive at CERN
in December 2001 for characterization.
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Conclusions

STAR SSD are produced, tested and sorted in quality groups

The production of modules has started and the characteristic crosscheck
of the detectors does not show any problems

Production database iS operational

We already started to focus on Alice SSD tests which will be carried out at
|east in two labs.

The hardware, software, organization and the experience gain
from STAR SSD production tests will be used like abase

for ALICE
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