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The electric field E(r) can be expressed as:

Where w is the depletion depth at a voltage V, and Vfd is the detector full depletion 
voltage:

Electrode spacingFactor 4

The MIP induced current i(t):

                                             

  as the carrier saturation velocity, Ew(r(t)) is the weighting field:

 where ve,h(t) is the carrier drift velocity for electrons (e) or holes (h):                                             
Q0 is the initial charge generated by incident particles For minimum ionizing 
particles (MIP) Q0= 80 e’s/m; t is the carrier trapping time constant.
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The position of a carrier at t, r(t), can be solved using all previously 
listed equations.

Electrical and CEE analysises2

MIP incident at
 different r0 

r0 = 1 m 

r0 = 2 m 

r0 = 3 m r0 = 4 m 

r0 = 5 m 

All holes 

All e's 

 

Very small bias voltage operation (<10V) possible

Ultra rad-hard up to 1x1017 neq/cm2!!

◆Micro/Nano 3D-Trench Electrode detectors 
with micron electrode spacing and nano size 
electrodes can be extremely rad-hard

◆ CEE can be more than 60% at 1x1017 neq/cm2  

◆ Only very small bias voltage is needed (as 
small as 10 volts)

◆ It is possible to fabicate with thin substrades 
and/or shallow etching (30 to 100 ms)

Not the factor 4 here, and electrode spacing R which is independent  
on the detector tickness.

CCE will depend on r0, due to different mobility and trapping between
 e and h. The average CCE is 89%.

CCE  depends on more severely on r0 .The average CCE is 62%.
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Fig. 2

Depletion depth W is decoupled from the thickness d

Trench and column at 
m to sub-m (nm's)

R

R can be at m's: 
 Micro-Nano detector

d at 30-100 ms 

d

R

Trench electrode

Collection electrode 
(column)

Fig. 1 The structure of array of 3D-Trench Electrode detector

Fig. 4a  No radiation  CCE=100%

Fig. 4b  1016 neq/cm2 radiation 

Fig. 4c  1017 neq/cm2 radiation 

Fig. 5  CCE  increases with bias voltage.

Fig. 6  CCE changes little over the voltage span

Fig. 7  CCE at extreme radiation

Fig. 8 The plot of CCE vs Фn

3D-Trench-ORJ，R=5um,rc=1um,r0=1um,
1E16neq/cm2,V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=5um,
0neq/cm2, V-Vfd=40V
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MIP incident at
 different r0 

r0 = 1 m r0 = 2 m 

r0 = 3 m r0 = 4 m 

r0 = 5 m 

All holes 

All e's 

Ave CCE=89% 

3D-Trench-ORJ, R=5um, rc=1um, r0=2um,
1E16neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=1um,
1E16neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E16neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=4um,
1E16neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=5um,
1E16neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=4um,
0neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
0neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=2um,
0neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=1um,
0neq/cm2, V-Vfd=40V

MIP incident at
 different r0 

r0 = 1 m r0 = 2 m 

r0 = 3 m r0 = 4 m 

r0 = 5 m 

All holes 

All e's 

Ave CCE=62% 

3D-Trench-ORJ, R=5um, rc=1um, r0=1um,
1E17 neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=2um,
1E17 neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=4um,
1E17 neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17 neq/cm2, V-Vfd=40V

3D-Trench-ORJ, R=5um, rc=1um, r0=5um,
1E17 neq/cm2, V-Vfd=40V

No more difference between e and h

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E15neq/cm2, V-Vfd=40V

CCE=99.5%

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E16neq/cm2, V-Vfd=40V

CCE=95.3%

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
5E17neq/cm2, V-Vfd=40V, Vfd=41.6V

CCE=30.1%

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17neq/cm2, V-Vfd=40V

CCE=65.76%
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3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17neq/cm2, V-Vfd=100V

CCE=67.74%

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17neq/cm2, V-Vfd=10V

CCE=60.82%

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17neq/cm2, V-Vfd=50V

CCE=66.36%

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17neq/cm2, V-Vfd=1V

CCE=55.92%

With this excel calculation sheet, we can calculate detactor electrical 
and charge detactorelectrical and charge collection paraneters.
 These are induced electron and hole currest shape.

Fig. 3 Excel calculation sheet

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17 neq/cm2, V-Vfd=1V, Vfd=7.5V

CCE=55.9%

3D-Trench-ORJ, R=5um, rc=1um, r0=3um,
1E17 neq/cm2, V-Vfd=1V, Vfd=21.8V

CCE=53.1%


