DEPFETs for electron detectors

N The Molecular Movie n
Sascha Epp
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We seek for help!

Join the team...!

* * * & &

Laci Andricek, Christian Koffmane, . W. Dwayne Miller (Head of Department)

Jelena Ninkovic, Rainer Richter, Ibrahym Dourki

Florian Schopper, Johannes Treis, Fabian Westermeier

Andreas Wassatsch Stuart Hayes, Stephanie Manz, Kostya Pichugin
Hossein Delsim-Hashemi, Shima Bayetesh
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Electron diffraction

The wave-particle duality of particle beams

hc .
s — <014

2
\/ZEkinEO +Ekin

0.1 A corresponds to 100 keV X-rays Diffraction out to less than 0.2A!
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The “Molecular Dance”

Functionally important protein motions

Hemoglobin

DeoxyHb: T
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What is the mechanism of correlated atomic displacements?

Structure - Function Correlation b resolve atomic motions on timescales
faster than the onset of diffusive motions observe force correlations
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Dislocation
Dynamics at

‘Conventional
Strain Rales

Static & Dynamic

Time scales

structural
changes in
biology

nucleation
and
growth

of damage

magnetic
switching

Imaging of
Phase
Transformations
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Experiments

Large scale
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EX

Small scale & with e-

keV FED - solid state
keV FED - liquid phase
keV FED — gas phase
REGAE Diffraction

keV time-resolved TEM
REGAE Dynamic RTEM

neriments



Different types of movies

Stroboscopic & real time

10" " 10"

Time Resolution (8"}

Imposes different requirements on the detector !

e
a3
et
—
=
et
—
s
Crs
o
e
2
—
=
=
(v |
=
-
|
e
—
=
=
2]
O
—_—
o |
At
4
e
—
—
o
o
A=
o
L
St
=
=
=
st
v
=
—
i
|
h—
=
5]
e
-
o
]
S




Max Planck Institute for Structure and Dynamics of Matter

Femtosecond electron diffraction
Typical setup

defay sta ge rofile

electron
gun

sample"""""
on support
mesh

Stroboscopic approach




UED k-space

mpsd

>10,000 electrons on detector are
need to attain qualitative diffraction
Information
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problem dependent: more electrons
on detector are need to attain
quantitative diffraction information
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TEM real space In

A movie like In cinem

Photocathode
driving laser

Sample excitation-‘ I
triggering laser B

position

Electrostatic
beam shifter

optic axis

lattice image




TEM real space

up to 1e8 electrons on detector are need to attain
sufficient information
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Further Evolution in atom gazing:
...... Solution Phase Dynamics

TEM nanocell with flow!

outside view

liquid
= U
":-,-_. s

cross sectional view

I silicon substrate
spa

liquid liquid
inlet electron beam outlet

nat o srale

Christina Mller, U Toronto



amyloid fibrils

» fragments of the initial amyloid
fibrils

e solvent here: DMF/water
(destruction of the fibril structure)

HD-2000 200KV x80.0k ZC remarkable: in ||C|U|d
‘ imaging of NON stained /helical twist??
biological samples

________________________________________________
electron beam

200keV

- - - 45nm

i | ‘ : rrrtrirrrrnrii
| | ; . . . : HD-2000 200kY x180k ZC 150
| Vfibril solution ! . nm



Detector specifications

Two different detector systems
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Charge Handling

Currents - Depfet palr (shared Source) W=34um, L=Sum
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Radiation damage II — best case

Thrshold Volage Shift [v)

-
Ln

ra

25

-35

Q07 10nm

Dose [lord]
S00 1000 1500 2000 2500 300¢

2.5V shift after 3Mrad
almost linear increase 0.35V/Mrad (needs confirmation)
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Detector specifications

Two different detector systems
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® Electron Detector — DAQ Overview

= Direct Hit (DH1k) and ultra fast detector DH80k need different read-out due to
their different frame rates:

Direct Hit (DH1k) DH80k
Frame Rate 1 kHz 80 kHz
Data Stream Continuously Burst with 100 frames

DCDEMCv1 + FPGA
Read-out or DCDB? + DEPFET Movie Chip
DCDEMCv2 +DEPFET Movie chip

Pixel arrangement 512 x 512 2 fold readout 512 x 512 4-fold readout

ADC resolution 8 bit? 8 bit

Real space image (additional
Image type Momentum space image pixels for Common Mode
correction needed)




® Direct Hit Detector — DH1k
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2 fold read-out

Edet HLL Internal meeting 11 April 2014 Jelena Ninkovic 7



@ Direct Hit Detector — FDH80k
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Two different detector systems

2
T 60mm x 60mm

1000 x 1000 4 x (500 x 500

e honge) | SOLM |\ o
60 um
(subject to change) -suhje:t to change)

DEPFET direct e- hit DEPFET with scintillator —

Non-linear
ralling shutter 4x
:

=1000 Hz full frame rate ~0,1 MHz full frame rate for

(continuously) 100 frames gOkHz

momentum space
images « *
- . L 3 .

. " 80 keV/-5 MeV 80 keV-350 kel

between S5k-12k —— typicatlyL000per iy

¥
—
—
o~
=
=
P
o
e
-
|
=
(v |
=
A
=)
=
2]
B
et
=
=
S
=
=
b
o
b ]
St
e |
=
o
=
e
&
=
5]
5
-
(o |
et
-

Table 2: Detector specifications.




Max Planck Institute for Structure and Dynamics of Matter

Mean number of ethole pairs
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Temperature difference (°C)

50 4—  50mm detector substrate - : : : :
4 - ——Cross support B B P S
454 — —— No support : : : 1~
with thermal substrate100m | : ’ : :
1~ ——Cross support ERR
40 4— I—Nosuppon | ‘
354—  30mmdetector substrate
_ —— Cross support
—— No support T
30+4— with thermal substrate 100m ———
4. = Cross support
x4 — No support 30 mm detector + 100 mm thermal substrate
: Sandwich Diamond support at detector edge
1 AR —— 0.5 mm Diamond 1200 W/mK
20 ~—— 1 mm Diamond 1200 W/mK
—— 0.5 mm Diamond 1800 W/mK
15 T —— 1 mm Diamond 1800 W/mK
10
5 ~
0
'5 T T

e 30 mm detector + 100 mm thermal substrate

* No cross support

Row #

* 0.5 mm CVD diamond with 1800 W / (m x K)
thermal conductivity

» Maximal gradient 5.8°C (!)

Johannes Treis /
Halbleiterlabor der MPG 100 200 300 400 500

Column #



Detector specifications

Two different detector systems

2
T 60mm x 60mm

1000 x 1000 4 x (500 x 500

e honge) | SOLM |\ o
60 um
(subject to change) -suhje:t to change)

DEPFET direct e- hit DEPFET with scintillator —

Non-linear
ralling shutter 4x
:

=1000 Hz full frame rate ~0,1 MHz full frame rate for

(continuously) 100 frames gOkHz

momentum space
images « *
- . L 3 .

. " 80 keV/-5 MeV 80 keV-350 kel

between S5k-12k —— typicatlyL000per iy

¥
—
—
o~
=
=
P
o
e
-
|
=
(v |
=
A
=)
=
2]
B
et
=
=
S
=
=
b
o
b ]
St
e |
=
o
=
e
&
=
5]
5
-
(o |
et
-

Table 2: Detector specifications.




™ @ viewer-0 (OpenGLStoredX)
T

B viewer-0 (OpenGUmmediateWin32)

Cu: 100 nm —
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Si02: 1000 nom

Al 1000 nom

5i02: 300 nm

Si3N4: 50 nom

5i02: 200 nm

Si: 400 nm

Sensitive Si (50um)

Si02: 100 am

St 50 ym

Mechanical support Si (100 pum ?)
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atter

Counts

Statistics

Energy direction

v 10 Signal distribution in 50 pm thick Silicon layer irradiated with 300 ke\/ electron beam

I | [ I ! . .
: 50 pm Si layer: § Geant4 simulation
E MY 4525 : — Landau Fit
..................... L MM T2 :
: Sigma = b5
Entries: 500000

by e Entrance layers + 50 pm thick Silicon layer + 60 pm S e e |
[ : MR 4530 : :

WY 11631
a1 : Sigma = B595 : :

o RRR. Entries- 499084 R P RRRRRRER e _

Entrance layers + 50 pm thick Silicon layer + 100 pm Si
S : WP 4823 : :
2_ .................. . ......... Mv12?1d .............. . ..................... —
A : Sigma =712 : :
Entries: 499135

1 5 IR | I JERERE | | SEREEERRRREE ......... Entrance |EI'_-,-'EfS L5 um thick Silicon Iayer +300 e gf R RRERIEE ...................... _
: : MPY: 4936 : :
: : RS 12047
Al S Lo Sigma = 718

: i : Entries: 499114

0 0.5 1 1.5 2 25 3 3.5 4

Number of e/hole pairs 4



Max Planck Institute for Structure and Dynamics of Matter

Counts

7000

6000

5000

4000

3000

2000

1000

Statistics

Energy direction

Sum of 10 events in 50 um thick Silicon layer irradiated with 300 keV electron beam

[ I : ' : [

: ' 50 pm Si layer: — Geant4 simulation
— Landau Fit

MAPY: B3G823 )

PV TTIZ ........................ —

Sigma = 6372

Entries; 50000

Entrance layers + 50 pm Si + 60 pm Si support:

rAPY: 91015
kAW 116315
Sigma = 16666
Entries: 49903

Entrance layers + 50 pm 3i + 100 pm 5i support:

rAPY: 101557
RN 127141
Sigma = 20995
Entries: 49913

Entrance layers + 50 pm Si + 300 pm Si support:

MAPY 104227
kAW 129463

Sigma = 21152
Entries: 43911

2 2.5 3 3.5 4
Number of ethole pairs 5
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TEM movie

10 e- / pixel per single frame
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TEM movie
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B R N R RSN
w0 0.4 e-/pixel (scaled) -

Image Intensity
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Two different detector systems
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Work packages

Responsibilities

In total there are 8 work packages devoted to:
Sensor design, fabrication and tests [HLL]: pixel cell and technology, defining chip parameter,
simulations, radiation hardness, layout of wafer for production, fabrication and processing of wafer,
tests
Sensor module assembly [HLL]: definition of materials, assembly
Module integration [MPI-SD]: Thermal and electrical engineering and performance, definition of
materials, fabrication of mechanical parts
System design [MPI-SD]: Scintillator optics, R&D for scintillator design, simulations, integration to
sensor, definition and optimization of operation modes

. fle electronics [?]: ASICs design

back-end electronics [?]: FPGA system design, definition of protocols and interfaces between
sensor and DAQ, Power supplies, slow control and housekeeping
DAQ and Software [MPI-SD]: definition of hardware, programming of user interface, data

representation and analysis
Commissioning [HLL, MPI-SD]:

DEPFET
Coll,

, —

H,HM,
ICH KOMAT AN




Timeline @

Commissioning 2016...... ) mpsd

2013 2014
TASK 5 & 7 3 9 100111212 3 4 5 6 7 8 51011121 & 3 4 5 6 7 & 95 101 12

Commisioning system #1 ("direct”)
Commisioning system #2 (" ultrafast")
Commisioning test system #1
Commissioning test system #2
Sensor design
Fabrication Testing
Sensor madule assembly
Module engineering Assem.test oy Assembly pystem
System design detign and simulation ploduction & test of seint.  assembly
f/e electronics ABICs development
back-end electronics
DAQ and Software

Nextmiestones:
decide on sensitive layer thickness (50 pm) T[h] @ m] ﬂ@
you U1

Max Planck Institute for Structure and Dynamics of Matter
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Second Condenser Lens

Condenser Aparture

Sample

Objective Lons

Objective Aperfure
Select Area Aperture

First Intermediate Lens

second Intermediate Lens

Projector Lens

Sereen

optic axis

objective aperture

diffraction pattern

lattice image
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WP1: Sensor design, fabrication and test Inzludes all persorinel costs at HLL
Processing of 6 thin wafers A0k each
Processing of & thick wafers
Components for tests
WP2: Senzor module assembly
WP3: Medule anginearing
Engineering system &1 | consumption 20k + invest S0k
Engingering system o2
Engineering test system g1
Engineering test system g2
WP System design
Fiber optic face plote
Scintillator coating
Seintillator nano structuring
test structures
WES: {fe slactronics
ASICE switcher [vystem 1 & 2) 740 ASICs
DCO [systern 1 & 2) ) 7 90 ASICs
DHP [systern 1 "direct®) & 100 ASICs
DHP2Z [system 2] # 100 ASICS "on chip memary™

Development I 1 man year extern (Cobl.)

WPE: back-end slectronics
Read out boards I:i'rir.tl'l' 170 L & X Struck 5FP->PClexp
Rend out bosrds [!- 2 "ultrafast”) Struck SFP->PClexg
Computer 10 workstations
Etnernet 106G 5 10 cards
Power supplies for 1 systems 100 channels -100..20 v
Fast ethernet switches
WPFZ: DAQ and Software
Fast storage system #1 |direct) : Raid system
Lang-term storage 2 DESY facility
Fast storage system B2 (scinl.) 0 Raid system
WPE: Commissiconing : Travel expenies

TOTAL WP
20 % Contingancy
1.5 positions engineering staff (65K year)
CFEL detector lab
Financlal contribution MPI-50

FINANCIAL NEEDS (Phase |; 3 years)

Table 4: Budget & financial needs for initial Phaze-| [3 years)




outside view

liquid

T spacer material

silicon substrate

cross sectional view

g # silicon substrate

',
N, F

| spacer materia

liguid liguid
inlet electron beam outlet
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confidential

helical twist
HD-2000 200kY =300k ~ZC et I1|l1)z)nlmI /
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Bunch Length

1 |
First nght“ %4 The very first shot gave a beautlful electron beam.

i 107 electrons/10 fs I single shot movies to capture even the fastest atomic
- motions....proteins, solution phase rxn dynamics, real space imaging of



Detector specifications

Two different detector systems

CCD imaging mode

W Princeton Instrun.'rf . s Quad-Ro CCD i JEM-2100
W Rayonix HS-MX series -

|mMedipix 1l
W Andor CCL

SaoeEr 16 CMOS

W Andor iXon3 888
ndor Neo CMOS
T 'I Ll 'I T 'I T 'I T l T 'l T 'l T '[ T T T T
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M50 mu Belle depfet

Rainer Richter wants to do some VooDoo for Factor 5-10

ampient temperature |

mOMEAIIT hace Might slow down the detector

images .
]

g
between S5k-12k typically 1000 per 0.1 MeV

Table 2: Detector specifications.




Detector specifications

Two different detector systems

(50 x 50) mm*

1000 x 1000

50 pm 50 pm
(subject to change) (subject to change) JEM-2100

DEPFET direct e- hit DEPFET with scintillator

rolling shutter 4x

=1000 Hz full frame rate ~0,1 MHz full frame rate for

(continuously) 100 frames

30 pum
(down to 30 um possible)

&0 000
(improvement is part of work package #1)

ambient temperature

momentum space

images « * 10Mrad protected
- . L 3 .
] % * 80 keV-5 MeV 80 keV-350 kel
s . . .
'. s . 2 between S5k-12k typically 1000 per 0.1 MeV
-

B Table 2: Detector specifications.




Sequencer
locked to
external

Laser-Trigger

AAAAAMAAAAAL

Eagle-light of upper
sensor hemisphere

SOFTWARE

4x

switch
8 input

1 GBit
Ethernet

10 GBit
Ethernet

PC

15 x
AAAAALAAAAALA

16 x DCD

Depfet-Array
1024 x1024

8 x SVB180-v2

Switcher:
32 Channels
4x parallel

8 x SVB180-v2

DCD:

256 inputs

64 columns, 4x parallel
Output 64 x 7 Bit Data

]

Eagle-light FPGA

16 x DCD
16 x DHP light
RAM for 100 frames
(23 MBiIt)
| Output 1x LVDS
_‘7

(200 MBit/s)

SOFTWARE

(0,1 s “download”

for 100 Frames)
( 1000 Frames/s )

Fast read-out version:

Frames at max. 78 kHz

Direct-hit version:

Frames at 1 kHz
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