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Introduction : Historical Perspective

e Silicon (large cell-type) sensors around since 50°s for energy measurements
e Precision position measurements up until 70’s done with emulsions
or bubble chambers = limited rates and no triggering!
Traditional gas detectors: limited to 50-100 um point resolution
e First silicon usage for precision position measuring (late 70’s):
- segmented sensors (strips) with fine pitch
- secondary vertex tagging (charm) in fixed target experiments
- first silicon pixel device used in early 80’s (NA32) charm experiment

Fig. 2. The MESD after chemical stripping. Fig. 3. General assembly of the MESD.

Multi-Electrode Silicon Detector

Silicon Surface Barrier Microstrip Detector



Introduction : Historical Perspective

e Why wasn’t silicon used earlier?
Needed micro-lithography technology = cost
Small signal size (need low noise amplifiers)
Needed read-out electronics miniaturization
(transistors, 1Cs)

VR nesi waren

3 — OXiDE PASSiVATION

N comestay | OPENING OF WINDOWS

llisll

4 Eafd IMPLANTATION
Tttas T 1
=)

ANNEALING

Al METALLIZATION
p- SIDE

REMOVAL OF Al FROM
OXIDE

Al METALLIZATION
n -SIDE

Fig. 1 = Success“: steps of the mspuf:ccurjng Fig. 2. The early years: experimental setupmwish=silioeq strip detectors in a
SSSSSS o as 1 i = o . oy

ST11crn Aeceters o tom=im phante fixed target experiment (E706 at FNAL). Thd 5 x 5 cm?Jsilicon detectors are

seen in the center, with the fanout cables and 5 Panks dominating the

picture. From [17].

After this, the use of silicon detectors quickly took off



Type of Silicon Sensor

e Pixel devices

- True 2-D measurement (20 um pixel size)

- Small area but best for high track density environment
e Pad devices (“big pixels or wide strips”)

- No position resolution

- Pre-shower and calorimeters (charge measurement)

SCD sensor for CREAM
(1.H. Park et al.)




Type of Silicon Sensor

e Strip devices
- High precision (< 5 pum) 1-D coordinate measurement
- Large active area (up to 10 cm x 10 cm from a 6-inch wafer)
- Inexpensive processing (single-sided strip devices)
- 2-D coordinate possible (double-sided strip devices)
- Most widely used silicon detector in HEP




Silicon Calorimeter at SLD SLAC-PUB-5694

OREXP-91-1101
| JULY 1992
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Silicon Calorimeter(Luminosity Monitors)

To determine the Juminosity delivered to SLD, we

measure the rate of Bhabha scattering (e*e™ — ete”)
into the LMSAT and MASC. The cross section for this 4
process (shown diagramatically in Figure 1) is well known
and at small angles is essentially free from interference ===
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Sensor R&D Activities
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DC-coupled 4x4 pads sensor DC-couple
CREAM SCD sensor Single/Double-sided strip sensor
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~ 2019 2017

PIN photodiode sensor

JFET Pixel Array Sensor For
X-ray detection Imaging

Tracker, University of Maryland

2007 2009 2011

DC/AC-coupled strip sensor AC-coupled
Single/Double-sided strip sensor

2015 2014 2012

AC-coupled Single- Large area photodiode
sided strip sensor for ISS-CREAM experiment

DC/AC-coupled
Single/Double-sided photo sensor



Sensor Specification

Sensor type

DC
Single-sided
Strip AC-coupled
Double-sided
DC
AC-coupled
AC-coupled
Double-sided process
Pad
DC
Double-sided
JFET process bC

Pixel

3.5x35
3.8x28
35x35
3.8 x 2.8 (Photo)
3.8x28
4.0 x 2.55
55x 3.0
2.8 x2.8
2.8 x2.8
3.3 x 0.4 (Photo)
2.3 x 0.8 (Photo)
2.3 x 2.3 (Photo)
1.0 x 1.0 (Photo)
2.0 x 2.0 (Photo)
3.0 x 3.0 (Photo)

0.795 x 0.825

No. of Ch.
32
64
64
128
256
32
512
256
521

matrix

Pitch (um)

1000
200
500
200
100
730

50
100
50

30, 100,200
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CREAM Cosmic Ray Energetics And Mass

An ULDB Cosmic Ray Astrophysics Mission

v Elemental composition near the knee

v Direct measurement of Energy &
Charge of primary cosmic rays

v Optimized arrangement of several
components

+TCD (Timing based Charge Detector)
« Charge measurement
« Plastic scintillator + PMT
« TRD (Transition Radiation Detector)
» Measure Lorentz factor for Z = 3 for
low energy
» SCD (Silicon Charge Detector)
« Charge measurement
« Pixellated silicon
» HDS (Hodoscope)
» Track Reconstruction, charge identif.
« Plastic scintillator + PMT
« CAL (Calorimeter)
+ Energy measurement for Z = 1
« Scintillator-Tungsten with C targets

«Energy measument
«TRD, CAL
«Charge measurement
«TCD, SCD
« Trigger
«Z-low trigger : CAL + TCD
« Z-Hi trigger : TCD + TRD-chrenkov

Artist rendition of ULDB at float

_~ Suspension Cable

TDRSS
Uplooking Ommn
GPS Antema

Instrement

Azimuth Rotator
TDRSS HGA

Salar Amay Wing
Feet B8

Crush Pads §
Fromt Solar Armay §

COM | e
Balkist Hopper

TDRSS LOS
Antenna

Envircamental
Sensors N

CREAM Payload

TCD
TRD1
Cherenkav
D2

TR

Target2

N

SCN1

Pu—
e mal N24+SCN2
Q\{
H204+8CN20

CREAM Baseline
configuration




Silicon Sensor Structure

* PIN diode
« DC type

« Wafer: (1,1,1) type, 380 um, 5”, double polished, Wacker
P+ implantation process, while N+ diffusion process
 Three guard rings

High Energy Particle

current

Si02
P+ (0.6um)

bias voltage

Insulator : (1,1,1) 5 kKQ N-

N+ (1.0um) |
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« Charge distribution of beam fragments detected in SCD
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Integration of CREAM-I at Antarctica
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* Flight trajectory
v Total flight time : 41 days 21 hours 31 mins
» CREAM broke both duration and distance records for a long duration balloor

CREAM Flight Data: Trajectory

Covering period from: 20041215 23:22:56 to 2005:01.27 02:00.31 NATIONAL AERONAUTICS
AND SPACE ADMINISTRAT ol

© RELEASE 05031
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from CREAM to ISS-CREAM
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ISS-CREAM Instrument

« CREAM instruments consists of complementary and redundant particle detectors
- Silicon Charge Detectors provide precise charge measurements
- Top/Bottom Counting Detectors provide shower profiles for electron/hadron separation
- ionization Calorimeter determines the energy of the cosmic ray, provide tracking and
event trigger
- Boronated Scintillator Detector provides additional electron/hadron discrimination
using thermal neutrons produced by particles that interact with the calorimeter

= 4 layers of SCD
¥ « 525 um thick, 2.12 cm? pixels
e 79 cm x 79 cm active detector area

— « Carbon Target
i 05 )\int
* Induces hadronic interactions

T~ . Calorimeters

» 20 layers W + Scn Fibers




Design of TCD/BCD

Al Alloy 6061 enclosure -

BCD

Conductive epoxy btw PCB and PD & optical cement btw PD and plastic scintNlator

20 x 20 PDs 20 x 20 PDs
covers 50 x 50 cm?2 covers 60 x 60 cm?

Electronic components Plastic

PCB PD scintillator ]
— e, , e
PD /

Plastic PCB ,
scintillator Electronic components




Photodiode Sensor

Biasing pad

Light entrance layer

n* layer

N+ edge field shaper

* A total of 6 photo-masks
- light-entrance layer is optimized for ARC
- field shaper was introduced

Edge Field Shaper

(input geometry for field calculation)

Strip & bias ring (-100v) Field shaper
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(a) Opposite side electrode (grounded)

T. Ohsugi, et al., NIMA 436 (1999) 272-280



Photodiode Sensor

*Wafer
— 6 inch, 650 ym thick, n—type high
resistivity ( >5 kQcm)
— Double-sided polished
— Photo—diode
real size : 2.3 x 2.3 cm?
active area : 2.0 x 2.0 cm?
PD1 (main) : 18 EA / wafer
* The PDs are fabricated at ETRI in Daejeon,
Korea
» Test patterns
PD2 (1.0 x 1.0 cm?) : 11 EA / wafer
16 ch. PD array : 2 EA / wafer
32 ch. PD array : 1 EA / wafer




Detector Parts of TCD/BCD




Top Counting Detector

. » ‘ PChoard + Photodiode + Plastic scintillator
— + Reflector (VM2000 ESR film)

e Dimension: 901 mm x 551 mm X 30 mm
» Weight: 9.6 kg



Bottom Counting Detector

PChoard + Photodiode + Plastic scintillator
+ Reflector (VM2000 ESR film)

. ~

* Dimension: 950 mm x 650 mm X 33 mm
» Weight: 15.6 kg



Vibration/Thermal-Vac Tests
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SVD at Belle 11
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- Side view The SVD consists of
Windmill 4 layers
structure

The layer is consisted of 2
several ladders

« SVD Ladder Mock-up Assembly for the Belle Il Experiment, K. Kang, H. Hyun, H. Jeon, D.H. Kah
etc. New Physics: Sae Mulli 65 (2015)



« Study of gluing and wire bonding for the Belle 11 silicon vertex detector, K. Kang, H. Hyun, H. Jeon, etc.
NIMA 763 (2014)
+ A bonding study toward the quality assurance of Belle-11 silicon vertex detector modules, K.H. Kang, H.B.
Jeon, etc. NIMA 831 (2016)

Gluing Wire bonding Bonding pull test
- Gluing on - Electrical - Checking pull force

detector material connecting



Outermost Ladder(L6) at IPMU




Belle 11 SVD




R&D of Silicon Detectors

_‘

Manufacture Electrical Characteristics Signal Processing Signal Analysis

® Mask manufacture : PKL (Photomask Manufacture Institute, Cheonan in Korea)
® Sensor manufacture : ETRI (Electronics and Telecommunications Research Institute, Daejeon in Korea)
® Quantum efficiency measurement : KRISS (Korea Research Institute of Standards and Science, Daejeon in Korea)

S.C. Leeetal.:
- Study of Silicon PIN Diode Responses to Low Energy Gamma-Rays, JKPS 69 (2016)
- Study of silicon photodiode performance for X-ray detector in cargo system, NIMA 912 (2018)
- Photo-Responses of Silicon Photodiodes with Different ARC Thickness for Scintillators, JKPS 75 (2019)
- Performance test for a pixelated silicon sensor with junction field effect transistor, NIMA 978 (2020)
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AC-coupled
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Slides from M.H. Lee

CREAM: About 161 day cumulative exposure

CREAM-II CREAM-III
12/1%2)5’?\2_/};7/05 12/16/05 - 1/13/06 12/19/07-1/17/08
Record breaking 42 days 28 days 29 days
. N i o
({.\__ {1.»-—%.’\ E ( \ Y;
sy em
AU ¥ AL t
J-i .{ 'lJ.au’sf/J,: ('c | :” ‘ :
b “‘3}/.\.,‘. £ y ‘ & 3 :
b" 1\("‘( 2 * "
CREAM-IV CREAM-V CREAM-VI
12/19/08-1/7/09 12/01/09 - 1/8/10 12/20/10 - 12/26/10
19 days 37 days 10 hours 5 days 16 hours
| . :
(a )

»
d 0 2
5




Sensor R&D
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