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• Cosmic rays

• The CREAM instrument 

• Requirements in Silicon Charge Detector (SCD)  

• Building of the SCD and CERN beam tests

• The first flight of CREAM and the performance of SCD

7th Int. Conf. on Large Scale Applications and Radiation Hardness of 
Semiconductor Detectors, Oct. 5-7, Florence, Italy 
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Cosmic Rays

• 1912 discovered by 
Victor Hess
(after Wilson & others)

• 1938 Pierre Auger 
discovered
Extensive Air Showers 
(EAS) (> 1015 eV)

• Energy range:  
~ 109 eV  to > 1020 eV

Taken from Simon Swordy

http://hep.uchicago.edu/~swordy
/crspec.html

a compilation of direct and indirect 
cosmic ray observations 
integrated into a single spectrum
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Direct Measurements of Cosmic Rays

Proton Satellite Mission 

Direct 
Measurements

Indirect
Measurements

1015 eV
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Grand-Unified Cosmic Ray Spectrum

12 orders of magnitude

One power law!
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Low energy cut 
off is due to 
solar magnetic 
fields.

The spectrum falls 
rapidly with energy, 
but it is a remarkably 
smooth curve over 12 
decades of energy
with a single power 
laws.
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Knee and Ankle in Energy spectrum

1015 eV

1018 eV

109~1010 eV

Why 2 power laws ?

Losses or coincidence ?

Features?

x E3

x E2.7

Change in underlying physics at 
the Knee and Ankle
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What is the end of energy one can measure?

1020 eV

Is there an end?
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The Mystery of High Energy Cosmic Rays

1. How are cosmic rays accelerated 
to such very high  energies?

2. Where do they come from?  
3. What s the composition?

• No one knows …

• 100 years old puzzle !
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Supernova : Source up to the Knee energy ?

1015 eV

• Comprehensive understanding is 
left for future space mission
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Supernova Remnant Shock Wave Model

Supernovae believed to be a source

• Enrico Fermi first  
explained how cosmic rays 
are accelerated (1949)

– Stochastic collision with 
moving magnetic clouds 
produced from SNR

• Acceleration limit in SNR  
shock wave near the knee

– 2 x 1014 x  Z  (eV) 
– Change in elemental 

composition



Elemental composition near the knee 
Direct measurement of Energy & 
Charge of primary cosmic rays
Optimized arrangement of several 
components

CREAM Baseline 
configuration 

CREAM

NASA ULDB Balloon

NASA ULDB Balloon

CREAM Payload

Artist rendition of ULDB at float 

•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
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http://www.chicos.caltech.edu/chicos.jpg
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Requirements in SCD

• Precision charge measurement
–Charge resolution dZ = 0.2
–Charge measurement up to Z=26 (Fe)

• Unambiguous backscatter rejection
–Work in high backsplash from 
Calorimeter/Target

• Volume  < 2 × 79 × 79 cm3

• Number of channel  < 3000
• Power budget  < 50 W
• Weight  < 12 kg
• Operate at low pressure (5 torr)
• Dead area free

Charge detector

Choice of “pixellated silicon” detector



Why do we use silicon?

C. A. Klein, J. Applied Physics 39 
(1968) 2029

•Low ionization energy
•High mobility
•Well proven technology
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Principle of Charge Measurement using Silicon

∝

Energy loss of a charged particle in the matter by Bethe-Bloch formula

For relativistic particle, energy 
deposit, dE/dx, doesn’t depend 
strongly on Energy
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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

P+ (0.6um)

N+ (1.0um)

current
High Energy Particle

Insulator : (1,1,1) 5 kΩ N-type
bias voltage

Al

SiO2
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Silicon Sensor Fabrication
Fabricated by SENS Technology (www.senstechnology.co.kr)

Wire (wedge) bonding
for connection of
Kapton cable to sensor pixel

Wedge bonding
Al wire with diameter 50 um

Glob Top
for protection and preservation 
of bond wire

Coating 
SJC Polychemicals, DCE, DP100

Fabricated sensor
Wafer size : 5 inch

thickness: 380 um
Pixel size : 1.55 × 1.37  cm2

Array : 4 × 4 matrix

Sawing / attach Kapton tape
for connection to readout

Kapton tape
Cu wire with width 50 um

Clean wafer

Oxidation

Cover with 
photoresist

Expose 
through mask

Develop

Etch, Stip

N+Diffusion

P+ Implantation
Anneal

Metallization

Fabrication process

PIN diode structure
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Find the full depletion voltage by 
measuring capacitance of sensor

•Leakage current about 3 nA
per pixel at full depletion 
voltage

•Yield ~90%

1/C2

SCD Sensor Performance

ILeakage and Capacitance Measurement



Frontend readout chip : CR1.4

CR1.4 ASIC
– Custom VLSI (Very Large Scale Integrated circuit) chip 
– Developed for large arrays of silicon detectors in the Pamela experiment
– 16 channels of charge inputs 

(integrating the charge pulses -> DC levels)
– Multiplexed to common output line 
– Dynamic range : a few fC to about 9 pC with 1 mV/fC Gain, 1200 MIP
– Power consumption : ≤ 6 mW/channel, ≤ 100 mW/chip
– Noise ~ 5000 e-

V
C

O
R

F
53

OUT
33

IN611

V
B

1
63

C
LK

S
R

O
U

T
28

D
A

TA
S

R
IN

18

V
B

2
60

IN1
16

N
C

32

RESVC2 45

IN314

IN134

R
B

S
R

IN
21

C
S

S
R

IN
19

IB
C

S
A

62

REFG2
40

G
N

D
A

55
IN15

2

IN8
9

TH
IN

2
26

IBSELF
47V

S
S

57
57

REFG10 38

IN107
O

U
TT

H
16

50

IBOUT 35

G
N

D
D

24

R
B

S
R

O
U

T
27

O
U

TC
S

A
16

52

GSEL
37

IN12
5

IN5
12

C
S

S
R

O
U

T
29

Q
16

S
R

O
U

T
31

NC
39

V
B

FR
E

S
64

IN7
10

C
A

L
17

IB
TH

54

IN2
15

IB
TE

S
T

49

NC
34

IB
S

H
A

P
59

IBCOMP
44

V
D

D
D

22

OUTSELF
46

V
B

FC
61

IN14
3

C
LK

S
R

IN
20

PDC 42

OUTTRIG
41

V
D

D
A

56
IN16

1
V

S
S

23
23

IN9
8

N
C

58

TH
IN

1
25

NC
48

REFCOMP
43

O
U

TS
H

A
P

16
51

RDCON
36

IN11
6

IN4
13

D
S

R
O

U
T

30

0 500 1000 1500 2000 2500 3000

0

500

1000

1500

2000

2500

3000 Equation: Y = -5.66 + 0.98*X 

T/
H

 O
ut

pu
t 

(m
V)

Input Charge (fC)

16 pixels 
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1 analog board = 7 CR1.4 * 16 channels = 112 channels

Analog Electronics (Frontend Readout)

ADC 
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SCD Readout Architecture

Analog board

ADC, Control
Power board

Sparsification

Command

Calibration

Housekeeping

PC 104
ISA board PC

Lemo
cable

Lemo
cable

30pin cable

14pin 
female 

16pin
female 

100pin twisted pair cable

14pin female 

RS-232

RS-232

16pin 
female 

14pin 
female 

14pin 
female 

10pin
female

Lemo
cableMaster 

trigger

Lemo
cable

Sensor
Flexible PCB with 20 lines 
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Digital Electronics
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Digital Electronics

Digitization : 16-bit ADC MAX1133
Temperature range : -40 ~ 85 °C
Low power consumption

FPGA (Control distribution) : ACTEL A42MX
Temperature range : -40 ~ 80 °C
Low power consumption

Power (DC to DC converter & Low Drop Out)
Q01-12

Temperature range : -25 ~ 70 °C
LM2990S
LX8384, LM1086

ACTEL

ADC DC to DC converter
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Auxiliary electronics

Calibration board :
calibration charge and trigger

Housekeeping board :
Power, temperature monitoring

Command board :
Control command distribution

Sparsification board :
Analog, digital part control clock
Data I/O between computer and 
detector
Data sparsificatoin
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Silicon Charge Detector : Readout electronics

Analog boards Digital boards

Auxiliary boards

Control computer



Module frame

PCB, Ladder structure

Sensor Overlap

Grand Structure

SCD Mechanics Design



Ladder Assembly

Mount of 7 Sensors on to an electronics board : “detachable design”

1 2 3

A ladder assembled  Overlap

Total 26 ladders in SCD

Total 182 silicon sensors

Total 2912 readout channels



SCD Assembly : Ladders on Grand Structure



SCD Beam Test                                          Heavy IonSCD Beam Test                                          Heavy Ion CERN BeamCERN Beam

• 2003 October – November (10 days) at CERN H2 beam line 

• Exposed to Heavy Ion Fragments(A/Z=2) from 158 GeV/Z Primary 
Indium Beam



SCD CERN Beam Test                                     Charge DiSCD CERN Beam Test                                     Charge Distributionstribution

• Charge distribution of beam fragments detected in SCD 

• Excellent charge identification up to Z=33

dE/dx (Arbitrary Unit)dE/dx (Arbitrary Unit)

dE/dx (Arbitrary Unit)dE/dx (Arbitrary Unit)

He

Fe



SCD CERN Beam Test                       Z dependence of Energy SCD CERN Beam Test                       Z dependence of Energy Loss Loss 

• dE/dx ∝ Z2

• Linearity in detector gain confirmed over the wide range of Q
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Silicon Charge Detector for Space Environment 

SCD fully assembled for space environment in Aug. 2004

• Preparation for space environment
– The SCD should be kept within the operating temperature range from balloon 

environment. On the top of atmosphere, conduction of heat is more prior than 
convection. To reduce the heat from SCD, used copper strips. Also painted whole 
detector with black paint to make thermal equilibrium on visual light and 
infrared range.
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Thermal Control

Maintain SCD temperature -10 ~ 40 (‘C) during operation Leakage Current increase at higher temp.

Leakage current(A) vs Temperature  (ED1_9)
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Thermal simulation : SCD is hotter than others

Thermal Strap installed to take heat out,

(air cooling does not work at 5 Torr)
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Thermal-Vacuum test at NASA Goddard Space Flight Center

All integated
for Thermal-
Vacuum test at 
NASA Gaddard
space center

Environment test at NASA GSFC
Test with fully assembled CREAM
Temperature : -10°C~40°C
Pressure : ~4 Torr

Hang test at NASA WFF
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Final Test at NASA Wallops Flight Facility

▫ CREAM ballooncraft configuration

▫ External Hang 
Test
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CREAM Launch
Launch on Dec. 15th , 2004 
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CREAM Flight Operation
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The first flight at Antarctica Dec. 2004
Flight trajectory

Total flight time : 41 days 21 hours 31 mins
CREAM broke both duration and distance records for a long duration balloon flight
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CREAM Landing

Landing on Jan. 27th, 2005 

Recovered detector may be 
used for the flight of 2006.12
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Termination and Recovery of CREAM
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SCD Performance during the Flight

Dec. 18 Jan. 22Dec. 25

24

32

CREAM Altitude

Temperature of 
Frontend Readout 
Boards

Pedestal Mean 
Value

Number of Noisy 
Channels
~ 3% in average
(out of 2912 ch.)
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Electronics Gain Calibration

Electronics calibration was made periodically during the flight 
by injecting a fixed amount of charge 
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CREAM Event Display

▫ CREAM Monitoring program (CMon) ▫ CREAM Data Processing System (CDPS)

▫ An example event : ~ 10 TeV 
Fe candidate



42 Silicon Charge Detector for CREAM, I.H.Park (Ewha Univ.), RD05 Conf., Oct. 5-7, Florence, Italy 

Correlation Between SCD and Cherenkov Counter

Correlation between SCD signals found in the area near the TRD track 
intersection and signal of Cherenkov Veto Counter. 
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Charge Spectrum (High-Z Region)

SCD Charge spectrum by the projection of high energy signal. 
The relative abundance was not corrected here. 

CREAM Preliminary
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High Energy Cosmic Ray Charge Spectrum

Events triggered by Calorimeter High Energy Threshold
The relative abundance was not corrected here.  

CREAM Preliminary
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Summary

• The aim of the CREAM(Cosmic Ray Energetics And Mass) experiment 
is to understand the source and acceleration mechanisms of very 
high energy cosmic-ray particles. 

• The Silicon Charge Detector (SCD) was built for charge identification 
of incident cosmic rays. 

• CERN Beam tests showed charge resolution better than 0.2 charge 
unit, as designed

• The CREAM payload was launched successfully in December 2004 
from McMurdo Station, Antarctica as a Long Duration Balloon 
mission. 

• SCD operated well on the first flight of 2004-2005 and measured the 
charge of cosmic rays without any problems

• SCD-II is being ready for 2005-2006 flight
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CREAM-II for Dec. 2005 Flight

Double layer 
of Silicon
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SCD-II


	The Silicon Charge Detector for the CREAM Experiment
	Cosmic Rays
	Direct Measurements of Cosmic Rays
	Grand-Unified Cosmic Ray Spectrum
	Knee and Ankle in Energy spectrum
	What is the end of energy one can measure?
	The Mystery of High Energy Cosmic Rays
	Supernova : Source up to the Knee energy ?
	Supernova Remnant Shock Wave Model
	CREAM-I Collaboration
	Requirements in SCD
	Why do we use silicon?
	Principle of Charge Measurement using Silicon
	Silicon Sensor Structure
	Silicon Sensor Fabrication
	SCD Sensor Performance
	Analog Electronics (Frontend Readout)
	SCD Readout Architecture
	Digital Electronics
	Digital Electronics
	Auxiliary electronics
	Silicon Charge Detector : Readout electronics
	SCD Mechanics Design
	Ladder Assembly
	SCD Assembly : Ladders on Grand Structure
	Silicon Charge Detector for Space Environment
	Thermal Control
	Thermal-Vacuum test at NASA Goddard Space Flight Center
	Final Test at NASA Wallops Flight Facility
	CREAM Launch
	CREAM Flight Operation
	The first flight at Antarctica Dec. 2004
	CREAM Landing
	Termination and Recovery of CREAM
	SCD Performance during the Flight
	Electronics Gain Calibration
	CREAM Event Display
	Correlation Between SCD and Cherenkov Counter
	Charge Spectrum (High-Z Region)
	High Energy Cosmic Ray Charge Spectrum
	Summary
	CREAM-II for Dec. 2005 Flight
	SCD-II


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


