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• Silicon (large cell-type) sensors around since 50’s for energy measurements

• 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 m point resolution

• 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

Introduction : Historical Perspective

Multi-Electrode Silicon Detector
Silicon Surface Barrier Microstrip Detector



• Why wasn’t silicon used earlier?

Needed micro-lithography technology  cost

Small signal size (need low noise amplifiers)

Needed read-out electronics miniaturization

(transistors, ICs)

After this, the use of silicon detectors  quickly took off

Introduction : Historical Perspective



• Pixel devices

- True 2-D measurement (20 m pixel size)

- Small area but best for high track density environment

• Pad devices (“big pixels or wide strips”)

- no position resolution

- Pre-shower and calorimeters (charge measurement)

Type of Silicon Sensor

SCD sensor for CREAM

(I.H. Park et al.)



• Strip devices

- High precision (< 5 m) 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

p+

n+

Type of Silicon Sensor



Silicon Calorimeter at SLD



Silicon Calorimeter(Luminosity Monitors)



68~190 mr

28~68 mr

t=300 um

310 mm
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Joint Summer School



Sensor R&D Activities

2002 2003 2005 2007

2012201420152017~ 2019

DC-coupled 4x4 pads sensor  
CREAM SCD sensor

DC-coupled  
Single/Double-sided strip sensor

DC/AC-coupled strip sensor
Tracker, University of Maryland

2009 2011

AC-coupled  
Single/Double-sided strip sensor

Large area photodiode  
for ISS-CREAM experiment

AC-coupled  Single-
sided strip sensor

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

JFET Pixel Array Sensor For  
Imaging

PIN photodiode sensor for  
X-ray detection



Sensor Specification

Sensor type Size (cm2) No. of Ch. Pitch (um)

Strip

Single-sided

Double-sided

3.5 x 3.5 32 1000

DC 3.8 x 2.8 64 200

3.5 x 3.5 64 500

3.8 x 2.8 (Photo) 128 200

AC-coupled 3.8 x 2.8 256 100

4.0 x 2.55 32 730

DC
5.5 x 3.0 512 50

2.8 x 2.8 256 100

AC-coupled 2.8 x 2.8 521 50

Pad

Double-sided  process

AC-coupled
3.3 x 0.4 (Photo) - -

2.3 x 0.8 (Photo) - -

DC

2.3 x 2.3 (Photo) - -

1.0 x 1.0 (Photo) - -

2.0 x 2.0 (Photo) - -

3.0 x 3.0 (Photo) - -

JFET

Pixel

Double-sided  
process

DC 0.795 x 0.825 matrix 30, 100,200













Integration of CREAM-I at Antarctica





from CREAM to ISS-CREAM



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 µm thick, 2.12 cm2 pixels

• 79 cm  79 cm active detector area

▪ Carbon Target

• 0.5 λint

• induces hadronic interactions

▪ Calorimeters

• 20 layers W + Scn Fibers

E.S. Seo, ICRC2013



Design of TCD/BCD



Photodiode Sensor

P+ N type Si substrate

n+ layer

Biasing pad

Light entrance layer

N+ edge field shaper

• A total of 6 photo-masks

- light-entrance layer is optimized for ARC

- field shaper was introduced

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



Photodiode Sensor

•Wafer

- 6 inch, 650 μm thick, n-type high 

resistivity ( >5 kΩcm)

- Double-sided polished

- Photo-diode

real size : 2.3 × 2.3 cm2

active area : 2.0 × 2.0 cm2

PD1 (main) : 18 EA / wafer

• The PDs are fabricated at ETRI in Daejeon, 

Korea

• Test patterns

PD2 (1.0 × 1.0 cm2) : 11 EA / wafer

16 ch. PD array : 2 EA / wafer

32 ch. PD array : 1 EA / wafer

PD1 (main) PD2

16 ch. PD array
32 ch. PD array

p-siden-side



Detector Parts of TCD/BCD



Top Counting Detector

• Dimension: 901 mm x 551 mm x 30 mm

• Weight: 9.6 kg

non-conductivity coating



Bottom Counting Detector

• Dimension: 950 mm x 650 mm x 33 mm

• Weight: 15.6 kg



Vibration/Thermal-Vac Tests

SCD

Carbon target

TCD

CAL

BCD

BSD

H.J. Hyun, Y.S. Hwang,  H.B. Jeon, J.M. Park et al.: 

- Performances of photodiode detectors for top and bottom counting detectors of ISS-CREAM 

experiment, NIMA 787 (2015)

- A simulation study of Top and Bottom Counting Detectors in ISS-CREAM experiment for cosmic

ray electron physics, Adv. Space Res., 62 (2018) 

- Construction and testing of a TCD/BCD for the Cosmic Ray Energetics And Mass Experiment on 

- the ISS, JINST 10 P070018 (2015)

-



SVD at Belle II
(벨 실험 대표: 권영준 교수/ 과제 책임자: 천병구 교수)

Readout 

connected at 

each side

The layer is consisted of

several ladders

- Side view 

Windmill 

structure

The SVD consists of 

4 layers

Chip on 

Sensor 

module

Beam 

pipe

ㆍSVD Ladder Mock-up Assembly for the Belle II Experiment, K. Kang, H. Hyun, H. Jeon, D.H. Kah

etc. New Physics: Sae Mulli 65 (2015)



ㆍStudy of gluing and wire bonding for the Belle II silicon vertex detector, K. Kang, H. Hyun, H. Jeon, etc. 
NIMA 763 (2014)

ㆍA bonding study toward the quality assurance of Belle-II silicon vertex detector modules, K.H. Kang, H.B. 
Jeon, etc. NIMA 831 (2016)

Gluing

- Gluing on 

detector material

Wire bonding

- Electrical 

connecting

Bonding pull test

- Checking pull force



Outermost Ladder(L6) at IPMU



Belle II SVD



Design 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. Lee et al.: 

- 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)

R&D of Silicon Detectors



Photomask Design

Junction Side

Dicing line PCB Design



probe arm

Trigger
sensor

Signal
sensor

90Sr

Dark
box

HV

Preamp.
1

Amp

FADC

Preamp.
2

PC

Discriminator

Gate 
generator

Amp

analog signal  
input

Trigger
sign

al

in
p

u
t

.



AC-coupled 
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CREAM-I

12/16/04 - 1/27/05

Record breaking 42 days

CREAM-II

12/16/05 - 1/13/06 

28 days

CREAM-III

12/19/07-1/17/08

29 days

CREAM:  About 161 day cumulative exposure   

CREAM-IV

12/19/08-1/7/09

19 days

CREAM-V

12/01/09 - 1/8/10

37 days 10 hours

CREAM-VI

12/20/10 - 12/26/10

5 days 16 hours

Slides from M.H. Lee
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