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ETHz(irich edge-TCT (concept)

Edge-TCT schematics HV

G. Kramberger et al., IEEE TNS, VOL. 57 (4) 2010, p. 2294
Focusing optics
Si Strip Detector

Cooling plate

‘/Xv_ axis

; ? y- axis

positioning of the
optics (z-axis)

edge-TCT in silicon

e Powerful tool to demystify the charge transport properties of (irradiated and
unirradiated) sCVD diamond:

- electr.lc field (independently of _ saturated velocity
trapping) —> space charge

Sy - mobility electrons and holes
- trapping times
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ETHZMR Electronic band gap of diamond

Indirect Bandgap
(a) E required energy ~ 5.47 eV / 226 nm
Conduction (minus phonon contribution and exciton energy)
band
AT U . 2-photon absorption: E, = 2.74 eV / 453 nm
N L /¥
(N s E;f‘ Direct Bandgap

required energy = 7.3 eV /170 nm

absorbed

photon _
3-photon absorption: E, =2.43 eV /510 nm

0.76  k[n/a]
<100>
direction

Attoline Laser

e« ~251s

« 0.1 -5 nd pulse energy, equivalent to 2*108
— 1079 photons/pulse

* photon energy of 3.1 eV (400 nm)

Valence
band

Electronic band diagram of diamond
showing photon absorption by the
indirect band gap.
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2-Photon Absorption

Lyirtual ™
gap

Excited
No excitation if Egyoon<Egep~1€V ~ TWO photons . A
arriving within ~ 100
Bocieed state attoseconds A VaV¥ =
pa— : 1f
1z Virtual state T?.l.tf.lff{ii.. :
-
- > aVaV 2
Egap/2
Ground state
Ground state
~0.1x10" 155

e Theoretically predicted in 1931 e Experimentally observed in

by Maria Goppert Mayer 1n her CaF,:Eu?" by Kaiser and Garret

Ph.D. thesis at Gottingen at Bell Labs 1n 1961
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oetup

® Pulse length — 25 fs
® Pulse energy — 0.1 nJ -5 nJ

e [aser wavelength — 800 nm
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DAQ screenshot

= edgeDAQ -0 x| A vdl2:///dev/videoD - VLC media player - O 3
— Media Playback Audio Video Subtitle Tools View Help
Position Control 0.7 z
Step Size [um] ﬁ
X: 400.00 3 =
X: —_— 55.00 = 0.5
F ] ———— 111.00 |3 04
Xoas: E Go Home 3
o nnm »
A (™ st R Define Home M
L 2
% 1 [ ain
[ i ind HW Limits 3
- | DAQ .,
Limits for Automatic Scan
-0.1
Xmin 0.000 |2 Xmax 5.000 |2| Xsten 0.050 |=| ¥ onX 0.0 0.5 10 - B - %.0
Ymin 0.000 |3 Ymax 0.600 (3| Ysep 0.020 || ¥ onY
Zmin 0.000 |3 Zmex 1.000 5| Zsep 0.500 |5 onZ 07
06 W e mon] [ER) =] b 2=
= —— =" webcam
Acquisition Control gt Brsen coniro
s Backlight Compensation — s
: ; Brightness e
Run Number: 233 Pulse Energy [p]]: 0.3 Sharpness e
Diamond Name: Side- 0.2 Contrast ——
: - 7 lute F e
Bias Voltage [V]: Amplifier: i Absolute Focus
Number of WF: PCE Version: Reset _
0.0
Comments: 01
- (1] b & 2 3 4 5 6
Tektronix Mode
: - x=171598e-07 y=0.411084 . . .
New File Stop Scan | Close File ﬁ ° o "I" a B v} y AII runnlng In Llnux
™ HV Client - ETH Zurich - O x
; B =l 1.
HV6 - Kellhieyl £ ON || sethv > -200 ﬁ 17:21:41
Soft 100% t
Device Selection ornware o remote
HVE —l| 0
0.04 4 -
Pt st hours controllable
D = - -50
4 | E 0.02 =
Max Current at - -100 &
§ 0.00 2
0 — = --150 2
y v}
Min Current —0.02 1 HV | _200
0 = - . - . . ;
i W] ] W] QO
~ Monitor .~ . 4 & o
nA — AN I ©- & A1 L
| Hreak linaare fima
N ——

ETH Institute for
Particle Physics

Dmitry Hits, ADAMAS, 27-28 November 2017



ETHzurich

()

scCVD sample

ETH Institute for
Particle Physics

bought from Element 6 (through
DDL)

Not used in PLT due to poor CCD
performance

- requires high field to collect full
charge

thickness — 566 um

Not irradiated

pad metallized by Rutgers
University (TiW sputtered with

shadow mask)

metallization distance from edge
~400 um

® 2 edges polished
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o Beam profile
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e Beam profile from the knife edge
scan
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- 1n air, not accounting for aberration
in diamond
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2PA Region (Squared Intensity Profile)

Voxel - ® The charge profile 1s
(2B egion) & proportional to intensity
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absorption
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First Signal!

2016 The first waveform was measured at 400 nm.
Only 2/3 PA could aIIow this (theoretlcally)

(@ 100mv o

)

(@D —Wwidth

Sample

- 20M
ETH Institute for
Particle Physics

' Value Mean Min Max Std Dev
@ Area -1.847nvs—1.733n -2.356n —187.8p 267.3p
@ Amplitude 304my 261m 24.0m  428m 111m

4.478ns

[ Record Delay
Mode Length L

0 sec.

1{5.00GS/s 5 260mv

‘ [ 20M points ||

((10.0ns

82.75n

Set Horiz.

Position
On Off to0s

8.790n  466.7p

12.17n

Waveform XY Display

Display olii 22 Jan 2016

[16:48:05
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Ist 3D scan

Approximate focal position: 1.0 mm from edge (inside the diamond)
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Approximate focal position: 1.1 mm from edge (inside the diamond)
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® Test
parameters:

- Bias voltage:
-400V (0.7 V/

pm)

- 50 waveform
averaging,
3993 scan

points (~0.4s
each)

- Laser pulse
energy: 0.2 nJ

® Parameters to

extract:
- drift speed

- electrical field
configuration

e space charge

- trapping rate
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ETHzurich :
Wavetorm analysis

Run: 78 (x=7.599, y=-1.17, z=-6.0) Run: 78 (x=7.599, y=-1.17, z=-6.0)
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40 |
— 301
= >
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e Total charge ® Prompt current

- 0.3 ns-Integral around the center of the
- Integral of the complete rising edge

baseline corrected waveform : .
® Prompt current is proportional to

the electric field at the focal point

- Possible to extract space charge
distribution

r
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D

Total charge

Approximate focal position: 1.0 mm (from front edge)
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D

Prompt current

Prompt Current [a.u.]
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Approximate focal position: 1.0 mm (from front edge)
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ETHzirich Electric field

Approximate focal position: 1.0 mm (from front edge) 0.8
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ETH zurich Detector simulation with KDetSim

® Simulation allows to model signal’s

:
shape total
o . electrons
® Injection along a laser beam line holes

® No space charge

TTT

0.8

e Difusion =on 06
0.4

e No RC filter, no trapping 02

Illllllllllllll

Ll Lx10™®

C)
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N
N
S
o
)
~

® holes = 7.7 um/ns

® clectrons = 5.8 um/ns

XY

500
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450
400
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~ Jaser beam

250

laser focal “locus”
modeled as a line
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o
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D

Detector simulation with KDetSim

Injection along a laser beam line 25 total
electrons

No space charge _ holes

Difusion = on il.s-

No RC filter, no trapping § |

holes = 7.7 um/ns g |

electrons = 5.8 um/ns

-1 0 1 2 3 4 5 6
Time [ns]

Closer to the metallization end
effects due the non-uniform

laser beam .
% electric field become apparent
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D

Detector simulation with KDetSim

® Injection along a laser beam line 25 V/\

® No space charge

e Difusion = on

e No RC filter, no trapping

® holes = 7.7 um/ns

® clectrons = 5.8 um/ns

laser beam

ETH Institute for
Particle Physics

15 >4
1_

0.5F

Total Charge [a.u.]

total
electrons
holes

00hp 0ogp 00Sh
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1 1 1 1 1 1
2 4 6 8 10 12 14
Time [ns]

Closer to the metallization end
effects due the non-uniform
electric field become apparent

19



ETH zurich Detector simulation with KDetSim

Neff

® Another way to modify the signal

shape 1s with the space charge o Toy space
e (Cubic space charge distribution charge model
® [njection along a line
e Difusion = on
* No RC filter, no trapping SRS IUSST SIS oottt

) Approximate focal positien: 1.0 mm (from front edge) 5000 Y [um]
4000 E
_L =
= Q B
1. oE
[
—— Data ." —— Data
=450um —-—- KDet Sim 0304 i P p——
0.4 [\ y M i'f} y=50um
5 0254 1
]
] u . 1
5037 | V y p I y' S 020 [} V Il I
2 | Very preliminary! 2 1\ Very preliminary!
w H : @ i !
R slowly falling S 015 | 4
B : i = i
< | -:Et 0.10 |
I
014 | E
! 0.054 |
i
0.0 : 0.00
0 2 a 6 8 0 12 14 0 2 4 6 8 0 12 14
Time [ns] Time [ns]
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Conclusions @

e We have a working edge-TCT setup for
investigating charge transport properties in
scCVD diamonds

® (lear TCT signals have being observed

e We are making the first steps in the analysis
and simulation

.
7§) ETH Institute for
\ Particle Physics
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o Outlook

e Introduce a shutter in the setup for on
demand automatic light blocking

- understand systematics due to light pumping

e Better understand the shape of the focal
point in diamond

e Try lenses with different focal strengths

® Measure diamond with strip metallization
pattern
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New setup In Ml | N e @
Johnson lab e ——

LV supply

Oscilloscope

DAQ PC

— Amplifier

Xyz-stage

Xyz-stage control

high voltage
supply
OB
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Electric field calculations

no trapping
. - A .. Amplification
Ie,h =A-ep - Ne,h /9 :3 "Veh ° w e, .. electron charge

N, 1, .. number of e,h pairs
(constant in first order)
Ve -- @vg. drift speed of e&h
W .. weighting field (=1/thickness for 2
parallel infinite 2D electrodes)

In(t=0)=A-¢e, "N,

I,,(t=0)= | Mobility model
— 0) =
Ien(t=0) = L
Iprompt from data Scallng MObIIIty mOdeI ! 0.(I)0 0.I25 0.:50 0.1!5 l.(I)O l.l25 l.ISO__;.:SverajiJD

electric field [V/um]

Use ‘Bisection Method’ to solve for E with the constraint that:

d
VBias — fD E dy



Bisection method

%

A & LOOP
D)
D evaluate f(a), f(b), f(c)
..from data
if f(a) * f(b) > O:
: a = (atc)/2
solution
else:
S E c = (atc)/2
4
Ste?p 1 if |]a — c| < threshold:

found solution




ETHzurich Understanding Gaussian Optics
LUMERICAL Simulations

8
x10

e Simulation of focal point 1n air.

- Interference patterns due to thin lens
approximation.

y(microns)

- Thin lens filled with beam causes airy discs.

LASER

-1 1
x(microns)

N N\
<

Simulation of focal point in diamond (Intensity)

y=40pm y=50pm y=60pm

ETH Institute for
. Particle Physics Dmitry Hits, ADAMAS, 27-28 November 2017 26



