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II--EE characteristics characteristics DoIDoI
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II--EE characteristics CVDD Detectorscharacteristics CVDD Detectors

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

-8.0x10-13

-4.0x10-13

0.0

4.0x10-13

8.0x10-13

 

 

D
A

R
K

 C
U

R
R

EN
T 

  [
A

]

ED   [V/m]

 sc-CVDD_45 Ph-II(100m)
 DoI 549a  (230m)
       724b   (12m)
       886-1   (290m)
       886-2   (320m)

I-E @ room temperature

The dark current density 
(±

 
2V/um) of DoI

 
is 1order 

of magnitude smaller 
than sc-CVDD detectors 



1111‐‐1313 December 2011December 2011 33rdrd CARAT  Workshop, GSICARAT  Workshop, GSI Shahinur Rahman                           Shahinur Rahman                            77

Electrical ConductivityElectrical Conductivity

ElectrodeElectrode--Limited Limited 
conductionconduction

BulkBulk--Limited Limited 
conductionconduction
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Tunneling Current
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Conduction Mechanism (SCLC)Conduction Mechanism (SCLC)

type:  sc CVD-DD, DoI DD
contact: Al, Ti/Pt/Au,  Al/DLC-Dia

0.1 1 10
1E-14

1E-12

1E-10

1E-8

region(II): trap-filled limited

n~5.9  

 

n~2.1

 100oC

D
A

R
K

 C
U

R
R

EN
T 

 [A
]

ED  [V/m]

positive bias
sc-CVDD sc37_113um

n~2.9

region I

region II

region III

Space Charge Limited Conduction

region(I & III): Child's law

theory of SCLC

3

2

8
9

d
VI Child 

3

2

8
9

d
VI TFL 

Here,
electronic mobility, V applied bias
d thickness, dielectric constant

DensityCarrierTotal
DensityCarrierfree

__
__



0.1 1 10
1E-17

1E-14

1E-11

1E-8

1E-5

0.01

slope >3 (II) 

 

 

 RT
 100oC
 200oC
 300oC
 400oC
 fit

D
A

R
K

 C
U

R
R

EN
T 

  [
A

]

ED  [V/m]

n~11

DoI 886-1
290m

slope ~2 (I) 

SCLC conduction



1111‐‐1313 December 2011December 2011 33rdrd CARAT  Workshop, GSICARAT  Workshop, GSI Shahinur Rahman                           Shahinur Rahman                            99

II--VV characteristics at higher temp ( characteristics at higher temp ( >RT>RT))

Effect of Effect of metalizationmetalization
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EEacac
 

of of DoIDoI
 

& sc& sc--CVDDCVDD

Ear
ly 

Re
sul

ts

Ear
ly 

Re
sul

ts

Early Early DoIDoI (549a)  230(549a)  230mm

Ref.:  Eac=1.4eV (DoI); A. Stolz, et al.,DRM 2006
Eac=0.37~0.39eV (scCVDD); M. Pomorski ,Thesis

Ti
/P

t/A
u

Ti
/P

t/A
u

&
 &
 A

lA
l

1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
-35

-30

-25

-20

-15

-10

-5

 

 

Eac,actavation energy
kb, boltzman constant
T, absolute temp.

Tk
EAI
b

ac 1.)ln( 


ln
(I)

1000/T  [K-1]

 lnI200V
 lnI300V
 lnI400V
 lnI500V
 lnI600V
 lnI700V

E
ac = 1.318~1.026eV

CSDia886-1 _290m

scCVDDscCVDD sc37 _ 113mm  sc37 _ 113mm  
((Al/DLCAl/DLC--DiaDia--DLC/AlDLC/Al))

100 200 300 400 500

0.32

0.36

0.40

0.44

0.48

0.52

0.56

 

 

 

 
A

C
TI

VA
TI

O
N

  E
N

ER
G

Y 
 E

ac
  [

eV
]

VOLTAGE   [V]

 negative bias
 positive bias

Eac~0.38 ± 0.02eV

Eac~0.44~0.53eV



1111‐‐1313 December 2011December 2011 33rdrd CARAT  Workshop, GSICARAT  Workshop, GSI Shahinur Rahman                           Shahinur Rahman                            1111

Charge Collection Efficiency (CCE) of CVDDCharge Collection Efficiency (CCE) of CVDD

CCE of  3 different CCE of  3 different CVDDsCVDDs
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CCE and energy resolution of CCE and energy resolution of DoIDoI

Early Early DoIDoI
 

Recent Recent DoIDoI
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Polarization effect in Polarization effect in DoIDoI
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Polarization effect in Polarization effect in DoIDoI
 

detectorsdetectors
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Polarization effect in Polarization effect in 
different CVDD detectorsdifferent CVDD detectors
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Memory effect in Memory effect in DoIDoI
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Memory effect in Memory effect in DoIDoI
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Memory effect in Memory effect in DoIDoI
 

detectorsdetectors

negative bias (2V/m) DoI 886-2 (320m)



1111‐‐1313 December 2011December 2011 33rdrd CARAT  Workshop, GSICARAT  Workshop, GSI Shahinur Rahman                           Shahinur Rahman                            1919

Memory effect in different CVDD detectorsMemory effect in different CVDD detectors
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SummariesSummaries
•

 
Electrical (I-V) characteristics of scCVDD and DoI detectors are 

analyzed; the dark current of DoI samples is by one order 
magnitude lower than the current observed with scCVDD.

•
 

The main dark current conductivity in scCVDD detector is SCLC 
and DoI is Space Charge Limited Conduction (SCLC) and Eac is 
0.37~0.39eV. While for DoI the Eac is (1.03~1.32)eV

•
 

The CEE of DoI is improved with the new DOI samples 
(11%93%) also the energy resolution (18%4%)

•
 

The polarization effect is observed  in DoI which lies between 
pcCVDD and scCVDD at positive bias while at neg. bias (V) the 
memory effect is visible.
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