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Introduction

   Why Time-Of-Flight technique?
 
 Electrical properties of the SC-CVD diamond

 µdr(E) Qs(E), Vs(E), µ0

 Understanding about the charge transport

 Charge trapping kinetics with respect to the defects
and impurities 
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Samples and contacts
Pre-treatment, Cleaning, Contacts configuration and preparation 

Polishing
By standart lapidary technique at the WTOCD

1 2
3

IIa natural 
(∅ 5mm x 0.5mm)

i-SC CVD-1 
(2.5 x 2.5 x 0.27 mm3)

SC CVD-2 
(3 x 2.5 x 0.44 mm3)

Cleaning and oxidation  
H2SO4 + KNO3 boiling ~ (280°C) 30min, rinse with 
ultra-pure water×2 and drying by the N2.

Contacts configuration
Top contact = 20nm Al (Transmittance=27% and R<1kΩ)
Back contact = 50nm Al (Transmittance=0% and R<1Ω)
Both contacts are circular (∅ 2mm)

Contacts preparation
Evaporation of the Al (in vacuum 10-7atm, without annealing).



IV-Characterisation
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IV characteristics
° By Keithley 6517A High Resistance Meter 
  (+/-1000V)

° All contacts on the samples showed the quasi- 
  blocking behaviour



TOF on IIa diamond

0,0 6,0x10-9 1,2x10-8 1,8x10-8 2,4x10-8 3,0x10-8
0,0

2,0x10-4

4,0x10-4

6,0x10-4

8,0x10-4

1,0x10-3

1,2x10-3

1,4x10-3

 

P
C

 (A
)

Time (s)

h+

5,0x10-9 1,0x10-8 1,5x10-8 2,0x10-8

3,0x10-5

6,0x10-5

9,0x10-5

1,2x10-4

1,5x10-4

1,8x10-4

 

          V / V/µm 
 61 / 0.122
 65 / 0.13
 70 / 0.14
 75 / 0.15
 80 / 0.16
 85 / 0.17
 90 / 0.18
 95 / 0.19
 100 / 0.20
 105 / 0.21
 110 / 0.22

 

 

µh ~1970-2135 cm2/Vs

Theoretical value: 2100 cm2/Vs
L. Reggiani , PRB ,  1981

zoom Qh ~3.069·10-12 -4.88·10-12[C]

Q << QSCLC

In natural IIa diamond, a part of the charge 
could be trapped  and a small percentage of the 
charge is drifting, 

ttr ( E) → µ 
field dependent ttr can be determined

Hole transport
AC  Field
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TOF on IIa diamond
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µh ~1970-2135[cm2/V*s]

q << QSCLC

Microscopic mobility in IIa diamond
µ0h~ 2000 cm2/Vs

* High electrical field => 
   The effective mobility is 
   increasing due to (Vs) the 
   saturation velocity effect.
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⋅
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* Low electrical field  => opposite behaviour
   Trap limited transport decreases the effective 
   mobility.

Hole transport
AC  Field

Isberg
Perneger
Kozlov
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ELECTRICAL FIELD (V/µm)
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i-SC CVD-1 diamond 
see Anna for growth conditions
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ELECTRICAL FIELD (V/µm)

HOLES

µh ~558-627 cm2/V*s

Qh ~5.52·10-12 - 4.2·10-11 C

Hole transport
AC  voltage

Similar behaviour to IIa diamond
(trap limited)
At low electrical fields
Lower mobility values as IIa



i-SC CVD-1diamond
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µe ~793-986 cm2/V*sDifficult to determine TOF. 

Trap limited transport similar to the IIa 
diamond (several defects present PL 
spectroscopy GR1 , ND1, Si-V, N-V )
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Laser pumping
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SC-CVD-2
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SC-CVD-2
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SC-CVD-2
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SC-CVD-2
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POLARIZATION
on SC-CVD-2
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* Laser TOF ( Triplled YAG with doubled OPO (210-250 nm or 250-420nm)
   has been built with AC and DC field to study the charge transport in SC-CVD 
   diamond.

* TOF data on IIa diamond ( unselected) shows a trap limited transport
    with a significant portion of the charge beeing trapped , however the voltage   
    depended TOF signal can be determined leading to the mobility of  
    2400 cm2/Vs  IIa  diamond.

* Similarly to IIa diamond samples showing in specroscopy defects (PL) lead to 
   trap limited transport and mobilities +/- 1000 cm2/Vs.

* Sample optimisation leads to higher mobility values, after substracting the 
   polarization effect.

* The µo  = 2100 for holes. Holes is in the excellent agreement with the 
   theoretical data. µ0=1750 cm2/Vs for electrons.
   (Kozlov PRB….)

CONCLUSIONS



ρ ε== ssrelax CRt





530 µm film


