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Motivation

for the project

Stroboscopic imaging provides insights to the dynamics of processes:

short, discrete illumination periods with high intensity

decouples exposure time, image contrast and motion blur

pulse intensity defines the image contrast

* frequency of illumination defines time resolution

pulse duration defines impact of motion blur
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Motivation

for the project

Stroboscopic imaging provides insights to the dynamics of processes:

short, discrete illumination periods with high intensity

decouples exposure time, image contrast and motion blur

pulse intensity defines the image contrast

* frequency of illumination defines time resolution

pulse duration defines impact of motion blur

Challenges of stroboscopic imaging in TEM world:

* real space imaging — high granularity

* high intensity — high dynamic range

e direct electron detection — thin substrate

* high pulse frequency — high framerate

e “grey scale” image — no data reduction possible
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Introduction

to the camera system and its challenges

Camera system:

* focal plane area (FPA) consists of 4 individual and independent
modules (“tiles”), each capable of stand-alone operation

 small sensitivity gap between tiles (1.2 mm)

 All Silicon Module (ASM)

* readout in rolling shutter mode, 100 ns/row, 4 rows in parallel
* maximum framerate of 80 kHz or 12.8 ps/frame

* front end electronics (FEE) buffers bursts (movies)
with 100 frames

e maximum burst rate 100 Hz

Data rate:

* 8 bit digitization resolution:

. bondpads Sensor array
* tile module data rate of ~3 GB/s for DCD/DMC + (30.7 x 30.7) mm?

data & supplies
* total data rate of ~12 GB/s

sped 9509

e data reduction difficult if not impossible

array of digital movie chip (DMC) ASICs array of drain current digitizer (DCDE) ASICs 2/
‘ 17
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Introduction

to the camera system and its challenges

Sensor array

* 1 MPixel for the complete FPA
e 512 x 512 pixels per tile

* (60 x 60) um? pixel size

Dynamic range of pixels:
* single primary e sensitivity

« capable of storing the signal from 100 primary e-
at 300 keV (~800k signal e")

Spatial resolution improvements:

* reduce e multiple scattering
* thin sensitive detector substrate (50 um and 30 pm)

* reduce e back scattering
* no support layer
* highly effective beam dump
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The DePFET structure

d its positive sides

Depleted p-channel Field Efect Transistor on high resistive n-doped bulk
* integrated 1' stage amplification (g)

e charge storage capability
* readout on demand
* rolling shutter mode

* small capacitance and low noise
* high quantum efficiency and fill factor

« fully depleted bulk
* optionally thinned

» front- or back-side illumination possible
* easily scalable
e adjustable dynamic range

e signal compression

* achieved by overflow charge storage regions
with different g,
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The DePFET structure

and its operation principle

Two states of operation:

* OFF state:
 idle state, no power dissipation, but collecting signal charge

* ON state: CLEAR GATE

EXTERNAL GATE CLEAR

* transistor current depending on signal charge in internal gate
SOURCE

OVERFLOW
REGION

INTERNAL GATE BACKSIDE

OFF STATE
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and its operation principle

The DePFET structure M [

Two states of operation:

* OFF state:

 idle state, no power dissipation, but collecting signal charge

* ON state: CLEAR GATE

EXTERNAL GATE CLEAR

* transistor current depending on signal charge in internal gate
SOURCE

% 50
:. TRANSISTOR
g -7 CHANNEL
%0 OVERFLOW
- —100 REGION
E-. INTERNAL GATE BACKSIDE
+~
g —125
150 EMPTY ON STATE

0 200 400 600 800 1000
Sample number 5
19/02/2019 /17



and its operation principle

The DePFET structure M [

Two states of operation:

* OFF state:
 idle state, no power dissipation, but collecting signal charge
* ON state — correlated double sampling: CLEAR GATE
EXTERNAL GATE CLEAR

* transistor current depending on signal charge in internal gate
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The DePFET structure

d its operation principle

Two states of operation:

* OFF state:

 idle state, no power dissipation, but collecting signal charge

* ON state — correlated double sampling:
* transistor current depending on signal charge in internal gate
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The DePFET structure

and its operation principle

Two states of operation:

* OFF state:

 idle state, no power dissipation, but collecting signal charge

* ON state — correlated double sampling:

* transistor current depending on signal charge in internal gate

N
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%

\<‘§\\ ‘

—25

—-50

—=75

output signal [mV]

150 - FILLED ON STATE

~175 Lelear

0 200 400 600 800 1000
Sample number 5
19/02/2019 /17




The DePFET structure

output [au]

output signal [mV]

19/02/2019

—25

—50

—75

—100

—125

—150

—175

d its operation principle

INITTAL STATE VS. FILLED STATE

—_— \N\(Y‘(XO

Y
4\'\*\\ )
N
b N

N

g

[\Y

hint

SIGNAL
AMPLITUDE

utclear

200

400 600

Sample number

800

1000

INITIAL DEPFET RESPONSE IS LINEAR
CALIBRATION WITH A KNOWN RADIOACTIVE SOURCE




The EDET DePFET structure

and its operation principle

gate

source

int. gate © 596%

i
3
%

s
55
2%
5

Rt
24

s
3

B R B R S S e . .
L . -
SRR e 3%
S B Bhneieos 353
SR B s 28 s a5 A
et et P AN Pt FEarate PSRt e
SErs 5 sy SRR Rsian
R 5 S LR S
i 25
‘ i

it

&
e

2

%
R
NI
e
st

2

i

RS
23

st
S

s
s

2

S

e
SR

FE
5

i

St

potential

Response curve Vg = -5V

0.40 - —p=Vys = -3V

—he=Vgs = =2V

R

R
KA
RN
e e

0.35

I
it
S

2
&
&
&
&
%
%
%
%

%

2

5
s

DN A N

R
g

40

e
e

t [mA]
o
g

INTERNAL GATE is under the GATE
15T OVERFLOW REGION is around the SOURCE
28D OVERFLOW REGION is under the SOURCE

0.25

0.20

Drain curren

0.15

SIMULATION

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Collected charge [10% electrons]

0.10

19/02/2019 o



Measurement setup

operating principle

Design conceK/E:O DULARITY

SPIX BASEBOARD ©,0©,0 \
©,0,0,0

19/02/2019 m




Measurement setup

operating principle

Design conceK/E:O DULARITY
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Measurement setup

Operating principle
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Measurement setup

Operating principle

Design conceK/E:O DULARITY
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Measurement setup

Operating principle
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Measurement setup

Operating principle
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Measurement setup

Operating principle

Do o ULARITY
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Single PIXle setup

actual setup

Do o ULARITY
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Measurements — operation window

n depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 Ko7 NO EXTERNAL ILLUMINATION; OBSERVING ONLY THE INITIAL STATE
TthkneSS 50 K W09 FO7 pixel 4, cuts: (-250, None) [mV] W09 FO7 pixel 4, cuts: (0, 20) [mV]
Gate L 5.0 um 5000 20.0
Gate W 27.2 ym 4000 175
800
: 2 3000 15.0
Drain -5.0V g 600 =
Source 0.0V E 2000 % 125 2
Gate Off 50V = o 5
o E? 1000 400 g 10.0 ¢
Gate On =217V © 3 @
= 8,
Clear low sweep {% 0 200 g 75
Clear high 170V 2 oo so ©
Clear Gate sweep © 0
Depletion 350 V —2000 25
Bulk 10.0 V ~3000 —20 0.0
Drift 50V —2000 2000 4000 6000 —2000 0 2000 4000 6000
Clear low [mV wrtS] Clear low [mV wrtS]
Guard 5.0V
9
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Measurements — operation window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

o of pre clear [mV]

W09 Ko7 NO EXTERNAL ILLUMINATION; OBSERVING ONLY THE INITIAL STATE
Tthkness 50 Hm W09 FO7 pixel 4, cuts: (-250, None) [mV] W09 FO7 pixel 4, cuts: (0, 20) [mV]
Gate L 5.0 um 5000 20.0
Gate W 27.2 ym 4000 175
800
: € 3000 15.0
Drain -5.0V g 600
Source 0.0V % 2000 % 12.5
Gate Off 50V = o
ae 2 1000 400 10.0
Gate On 217V ® =
Clear low sweep {% 0 200 % 7.5
Clear high 17.0 V 2 oo 50
Clear Gate sweep © 0
Depletion 350 V —2000 25
Bulk 10.0 V —3000 —200 0.0
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000
Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
9
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Measurements — operation window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 07 NO EXTERNAL ILLUMINATION; OBSERVING ONLY THE INITIAL STATE
Thickness 50 um

WO09 F07 pixel 4, cuts: (-250, 500) [mV]

Gate L 5.0 pm 5000 500 5
Gate W 27.2 pm 4000 100

72} 4
Drain 5.0V g 3000 300 =
Source 0.0V E 2000 900 % 5 %
Gate Off 50V = o 8

S 1000 g S
Gate On 217V ° 100 = ©

= ) 2 &
Clear low sweep & 0 0 2 =

—

i b
Clear high 170V § —1000
Clear Gate sweep © —100 1
Depletion -35.0 V —2000
—200
Bulk 10.0 V 3000 . | .
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000
Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
9
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Measurements — operation window

on depleted 50 pm thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

o of pre clear [mV]

W09 Ko7 NO EXTERNAL ILLUMINATION; OBSERVING ONLY THE INITIAL STATE

TthkHeSS 50 Hm WO09 F07 pixel 4, cuts: (-250, 100) [mV] W09 F07 pixel 4, cuts: (0, 2) [mV]
Gate L 5.0 um 5000 100 2.00
Gate W 27.2 ym 4000 50 175

72}
Drain 50V £ 3000 0 o0
Source 0.0V Z 2000 % 1.25
Gate Off 5.0 V . 0

& 1000 g 1.00
Gate On =217V @ 100 ©
Clear low sweep & 0 g 0.75
Clear high 17.0 V 2 oo ~150 0.50
Clear Gate sweep ©

_ = —200
Depletion 350 V 2000 0-25
Bulk 10.0 V —3000 —250 0.00
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000
Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
l 9
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Measurements — operation window

on depleted 50 pm thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

WO F07 NO EXTERNAL ILLUMINATION; OBSERVING ONLY THE INITIAL STATE
TthkneSS 50 Hm W09 FO7 pixel 4, cuts: (-250, 50) [mV] W09 FO7 pixel 4, cuts: (0, 1) [mV]
Gate L 5.0 um 5000 —: 50 : 1.0
Gate W 27.2 pm 4000 -
] 0
'@‘ o _ 0.8
Drain 5.0 V B 90007 =
] 50—
Source 0.0V % 2000 - > £
= ] =) 0.6 .,
Gate Off 50V = ] N g
2 1000 7 -100 E 3
Gate On 217V © ] 3 ®
= ] 0.4 &
Clear low sweep ch 0~ 150 % =
Clear high 170V 2 1000 S
Clear Gate sweep © ] 200 0.2
. —2000
Depletion -35.0 V ]
Bulk 100 V 8000 LA , i o plen 2t erc 0.0
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000
Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
l 9
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Measurements — operation window

on depleted 50 pm thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 Ko7 NO EXTERNAL ILLUMINATION; OBSERVING ONLY THE INITIAL STATE
Thickness 50 K W09 FO7 pixel 4, cuts: (-250, 50) [mV] W09 FO7 pixel 4, cuts: (0, 1) [mV]
Gate L 5.0 um 5000 50 ] y
Gate W 27.2 ym 4000 - ]
] 0 ]
z ; ;
Drain 5.0 V £ 90007 :
] 50 — -
Source 0.0V % 2000 - % ]
Gate Off 50V . : P
& 1000 - -100 § -
Gate On =217V © ] o ]
Clear low sweep ch 0 - 150 % ‘
Clear high 170V 2 1000 ;
Clear Gate sweep © ] —9200 ]
. —2000 - .
Depletion -35.0V ] ]
Bulk 10.0 V 3000 —250 — — T
Drift 50V —2000 0 2000 4000 6000 —2000 2000 4000
Clear low [mV wrtS] Clear low [mV wrtS]
Guard 5.0V
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Measurements — op

Clear Gate and Clear low voltage influence

* back-emission of e from clear contact,

e inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 FO7

Thickness
Gate L
Gate W

Drain
Source
Gate Off
Gate On
Clear low
Clear high
Clear Gate
Depletion
Bulk

Drift
Guard
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50 pm
5.0 um
27.2 pm

5.0V
0.0V
5.0V
217V
sweep
170V
sweep
-35.0V
10.0 V
5.0V
5.0V

Clear Gate low [mV wrtS]

5000

4000

3000

2000

1000

—1000

—2000

—3000

—2000

0

2000
Clear low [mV wrtS]

4000

6000

eration window

on depleted 50 um thick EDET structures

0.5
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o
e

o
[\]
relative scale [%]

0.0

NO EXTERNAL ILLUMINATION; OBSERVING ONLY THE INITIAL STATE

overlay of full matrix

OVERLAY (RED BOX) OF AN
IDENTICAL MEASUREMENT DONE
WITH THE SMALLER VERSION OF
THE FINAL CAMERA SETUP.




Measurements — operation window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W9 k07 LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X *Fe K,
TthkneSS 50 Hm ‘W09 ML 80kl pixel 4, number of injections 10 W09 ML 80k1 pixel 5, number of injections 10
Gate L 5.0 um 5000 B B
160k SIGNAL e 160k SIGNAL e

Gate W 27.2 ym 4000 300

) 200
Drain 5.0 V £ 9000 =
Source 0.0V % 2000 100 %
Gate Off 50V 5 =

& 1000 0o =
Gate On =217V ° 4
Clear low sweep & 0 ~100 é
Clear high 170V 5 1000 - 3
Clear Gate sweep o
Depletion -35.0 V —2000 —300
Bulk 10.0 V 3000
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000

Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
11
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Measurements — operation window

on depleted 50 pm thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W9 k07 LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X Fe K,
Tthkness 50 IJ-m ‘W09 ML 80kl pixel 4, number of injections 10 ‘W09 ML 80kl pixel 5, number of injections 10
Gate L 5.0 pm 5000 160k A B
Gate W 27.2 pm 1000 SIGNAL e CONZ{EE 400
@ 200
Drain 5.0V B 9000 ~
Source 0.0V % 2000 100 %
Gate Off 5.0 V & g
S 1000 0 =
Gate On 217V © 4
Clear low sweep & 0 ) ~100 3,
— 4] ey
Clear high 170V 2 oo - 3
Clear Gate sweep ©
. —2000
Depletion -35.0 V —300
Bulk 10.0 V —3000
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000

Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
lll
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Measurements — operation window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W9 k07 LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X Fe K,
TthkneSS 50 um ‘W09 ML 80kl pixel 4, number of injections 30 ‘W09 ML 80kl pixel 5, number of injections 30
Gate L 5.0 pm 5000 480k B
Gate W 27.2 pm 4000 SIGNAL e 300
'@‘ 200
Drain 5.0V B 9000 o
Source 0.0V % 2000 100 %
Gate Off 50V & g
S 1000 0 =
Gate On 217V © =
Clear low sweep & 0 ) —~100 &,
— (%4} +=
Clear high 170V 2 oo - 3
Clear Gate sweep ©
. —2000
Depletion -35.0 V —300
Bulk 10.0 V —3000
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000

Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
11
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Measurements — op

eration window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence

* back-emission of e from clear contact,

* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 FO7

Thickness
Gate L
Gate W

Drain
Source
Gate Off
Gate On
Clear low
Clear high
Clear Gate
Depletion
Bulk

Drift
Guard

19/02/2019

50 pm
5.0 um
27.2 pm

5.0V
0.0V
5.0V
217V
sweep
170V
sweep
-35.0V
10.0 V
5.0V
5.0V

Clear Gate low [mV wrtS]

5000

4000

3000

2000

1000

—1000

—2000

—3000

LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X *Fe K,

‘W09 ML 80kl pixel 4, number of injections 50

800k SIGNAL e

CONSTANT
CLEAR

800k SIGNAL e

‘W09 ML 80kl pixel 5, number of injections 50

CONSTANT
CLEAR

—2000

0

2000
Clear low [mV wrtS]

4000

6000

—2000

0

2000
Clear low [mV wrtS]

4000

6000

300

200

100

—100

—200

—300

output voltage [mV]




Measurements — operation window

on depleted 50 pm thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W9 k07 LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X *Fe K,
EhICkness 50 IJ'm 5000 ‘W09 ML 80kl pixel 4, number of injections 50 ‘W09 ML 80kl pixel 5, number of injections 50
ate L 5.0 pm
800k SIGNAL e~ 800k SIGNAL e~

Gate W 27.2 ym 4000 300

) 200
Drain 5.0 V B 9000 =
Source 0.0V % 2000 100 %
Gate Off 50V & g

S 1000 0 =
Gate On 217V © 4
Clear low sweep & 0 ~100 é
Clear high 170V 2 oo - 3
Clear Gate sweep ©

. —2000

Depletion -35.0 V —300
Bulk 10.0V —3000 ‘
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000

Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
l 11
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Measurements — op

eration window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence

* back-emission of e from clear contact,

* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 FO7

Thickness
Gate L
Gate W

Drain
Source
Gate Off
Gate On
Clear low
Clear high
Clear Gate
Depletion
Bulk

Drift
Guard
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50 pm
5.0 um
27.2 pm

5.0V
0.0V
5.0V
217V
sweep
170V
sweep
-35.0V
10.0 V
5.0V
5.0V

Clear Gate low [mV wrtS]

5000

4000

3000

2000

1000

—1000

—2000

—3000

LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X *Fe K,

‘W09 ML 80kl pixel 5, number of injections 70

1.1M SIGNAL e~

‘W09 ML 80kl pixel 4, number of injections 70

CONSTANT
CLEAR

1.1M SIGNAL e~

CONSTANT
CLEAR

—2000

0

2000
Clear low [mV wrtS]

4000

6000

—2000

0

2000
Clear low [mV wrtS]

4000

6000

300

200

100

—100

—200

—300

output voltage [mV]




Measurements — op

eration window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence

* back-emission of e from clear contact,

* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 FO7

Thickness
Gate L
Gate W

Drain
Source
Gate Off
Gate On
Clear low
Clear high
Clear Gate
Depletion
Bulk

Drift
Guard

19/02/2019

50 pm
5.0 um
27.2 pm

5.0V
0.0V
5.0V
217V
sweep
170V
sweep
-35.0V
10.0 V
5.0V
5.0V

Clear Gate low [mV wrtS]

5000

4000

3000

2000

1000

—1000

—2000

—3000

LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X *Fe K,

‘W09 ML 80kl pixel 5, number of injections 90

1.4M SIGNAL e~

‘W09 ML 80kl pixel 4, number of injections 90

CONSTANT
CLEAR

1.4M SIGNAL e

CONSTANT
CLEAR

—2000

0

2000
Clear low [mV wrtS]

4000

6000

—2000

0

2000
Clear low [mV wrtS]

4000

6000

300

200

100

—100

—200

—300

output voltage [mV]




Measurements — operation window

on depleted 50 um thick EDET structures

Clear Gate and Clear low voltage influence
* back-emission of e from clear contact,
* inversion (parasitic channel under the Clear Gate), and

* charge loss to clear contact.

W09 F07 LED FLATFIELD ILLUMINATION (FFIL); 1 INJECTION CORRESPONDS TO ~10X %Fe K,
Thickness 50 pm W09 ML 80k1 pixel 4, number of injections 110 W09 ML 80kl pixel 5, number of injections 110
Gate L o0 11 8M SIGNAL ¢ 1.8M SIGNAL e
. € CONSTANT . € CONSTANT
Gate W 27.2 pm 4000 Chn CLEAR 300
@ 200
Drain 5.0 V £ 900 =
Source 0.0V % 2000 100 %
Gate Off 50V & g
S 1000 o=
Gate On 217V © 4
Clear IOW SWeep (ig 0 ) ,Q)?* ....................... . %v —100 84
— (%4} [od) =
Clear high 170V 2 oo ~ - 3
Clear Gate sweep ©
. —2000
Depletion -35.0 V —300
Bulk 10.0 V —3000 |
Drift 50V —2000 0 2000 4000 6000 —2000 0 2000 4000 6000

Clear low [mV wrtS] Clear low [mV wrtS]

Guard 50V
11
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Measurements — incomplete clear ’”\
7,

on depleted 50 um thick EDET structures

Clear high voltage and clear pulse length (t.) influence

* efficiency of complete charge removal from internal gate and overflow
regions.

Slow switching stage of SwitcherS ASIC limits t. > 70 ns. Final camera
setup t. ~ 20 ns achieved with SwitcherB ASIC.

W09 FO7 FFIL:; SMALL SIGNAL CHARGE ~2.5X %Fe K_: HARDEST TO REMOVE
) ) a
Thickness 50 pm pxd, gg = 293pA/e”, 1mV ~ 137 e~ inj, max = 27mV gq = 293pA/e”, 1mV = 137e™ dinj, max = 27mV
Gate L 50 U.m ——noise peak 0.2 After
Gate W 27.2 ym 0451 4k SIGNAL e p e M e i
040 METHOD 1. 0.1 METHOD II.
Drain S50V - 0.35 o
Source 0.0V © E 0.30 % E 0.0
Gate Off 50V 0.25
Gate On 217V 0.20 =01
Clear low 1.0V 0.15 4k SIGNAL e
Clear high sweep —0:2
o 1025 5 gy ——_ 100
Clear Gate -05V 25 1000 | © %a?(figj o S M
Depletion -35.0 V 97.5 g 99
Bulk 10.0 V 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
Drift 50V Clear high [V wrtS] Clear high [V wrtS]

Guard 50V
12
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Measurements — incomplete clear ’”\
71/

on depleted 50 um thick EDET structures

Clear high voltage and clear pulse length (t.) influence

* efficiency of complete charge removal from internal gate and overflow
regions.

Slow switching stage of SwitcherS ASIC limits t. > 70 ns. Final camera
setup t. ~ 20 ns achieved with SwitcherB ASIC.

W09 FO7 FFIL; ALMOST FULL INTERNAL GATE FFIL; FILLING THE OVERFLOW REGIONS
TthkneSS 50 um px4, gq = 293pA/e”, 1mV = 137e™ Ginj, max = 244 mV gq = 293pA/e”, 1mV = 137e™ ¢inj, max = 403 mV
Gate L 50 p.m ——noise peak 0.2 After
Gate W 97.2 um 0455 40k SIGNAL e p H s Ml b

040 METHOD 1. 0.1 METHOD I1.

Drain S50V _ 035 .
Source 0.0V © E 0.30 c@ E 0.0
Gate Off 50V 0.25
Gate On 217V 0.20 —0.1
Clear IOW 10 V 0.15 90k SIGNAL ef
Clear high sweep —0.2 L.

. 102.5 = —Ginj —__. 100
Clea’r Gate _05 V Ué’g 100.0 @) qI_l’.la?(:‘(:?ir_lj O US‘ §‘ ﬁ.ﬁw’_"ww’—/‘@
Depletion -35.0 V 97.5 . /ﬁ 99
Bulk 100 V 75 10.0 12.5 15.0 17.5 20.0 22.5 25.0 75 10.0 12.5 15.0 17.5 20.0 225 25.0
Drift 50V Clear high [V wrtS] Clear high [V wrtS]

Guard 50V
12
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Measurements — incomplete clear M@
on depleted 50 um thick EDET structures H[ /

Clear high voltage and clear pulse length (t.) influence

* efficiency of complete charge removal from internal gate and overflow
regions.

Slow switching stage of SwitcherS ASIC limits t. > 70 ns. Final camera
setup t. ~ 20 ns achieved with SwitcherB ASIC.

W09 FO7 FFIL; COMPLETELY FILLED STATE
Thickness 50 um _ _
gq = 293pA/e”, 1mV = 137e Qinj, max = 4223 mV
Gate L 5.0 pm 0.2 ' A fror
Gate W 27.2 pm S ters 7 clens
0.1 METHOD 1II.
Drain 50V . h |
= A g MRl MRS a0 AR e LA A b AL ARAR 1A NN
Source 0.0V C%E 0.0 v‘\‘f}f‘”‘wh'('flﬁ" e ‘5/'\"-,“ "[[' il ‘\\'l“‘q ;‘h"‘m
Gate Off 5.0V i
<
Gate On 217V -0.1 l
Clear low 1.0V \ 1.9M SIGNAL e
Clear high sweep —0.2
Clear Gate 0.5V S 100 ©
o=
Depletion -35.0 V 9
Bulk 10.0 V 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0

Drift 50V Clear high [V wrtS]

Guard -5.0V
19/02/2019 ‘ 12/17



Measurements — charge collection

on depleted 50 pm thick EDET structures

Depletion and Drift voltage influence
* integrated 15' stage amplification (g,),
* charge loss to Clear, and

* charge loss to Drift region.

W09 Ko7 FFIL; SMALL SIGNAL CHARGE ~2.8X "Fe K,
Thickness 50 pm ot P 20 my ot P = 30 my
Gate L 5‘0 IJ-m 7‘”'11'51 1 ur_el 1:‘:0-11'el 1 7‘“;?glnal “’L;?glnal g;ieglnal
sigma O Hiigna
Gate W 27.2 uym 100 | ©* 100 Hlignal
99

Drain -5.0V - = 98
Source 0.0V LIS 38K

S £ 96
Gate Off 5.0V o7
Gate On 217V o1

96

Clear low 1.0V 4.5k SIGNAL e 4.5k SIGNAL e
Clear high 180V

@ ——HMnoise  Hnoise T S0noise R 2.5
Clear Gate 05V Z5 é - pnoiee 23 = 0

£ g &g

. I = _1 I —— Inoise Hnoise + 30noise

Depletion sweep —2.5
Bulk 100V —40 -35 -30 -25 ~20 -15 -10 ~10 -9 -8 -7 -6 -5 -4 -3
Drift sweep Depletion voltage [V wrtS] Drift voltage [V wrtS]

Guard 50V
l 13
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Measurements — charge collection M@

on depleted 50 pm thick EDET structures

/

Depletion and Drift voltage influence
* integrated 15' stage amplification (g,),
* charge loss to Clear, and

* charge loss to Drift region.

W09 Ko7 FFIL; FILLING THE OVERFLOW REGIONS; LESS LOSSES — FILLED POTENTIAL POCKET UNDER DRIFT
Thickness 50 um max  _ 361 my max a2 my
px4 Hsignal — m px4 Hsignal — m
Gate L 5‘0 IJ-m 7‘u'gieglnal ‘u’;ieglnalio-;ieglnal 7#;?glnal H;?glnalid;ieglnal
Gate W 27.2 pm 100 | O Heignal 100 O HligNa
99
Drain 5.0V - = 98
Source 0.0V @5@ 08 @i%g
Gate Off 5.0 V o %
Gate On 217V o
96

Clear low LoV 75k SIGNAL e 75k SIGNAL e
Clear high 18.0 V

[ ——HMHnoise  MHnoise Onoise Q 25
Clear Gate -05V 25 ! - pnoice &3 Z5

9 = 0 g g 0.0
Depletion sweep I — -1 = _95 —— Inoise Hnoise + 30noise
Bulk 100V —40 -35 —30 —25 —20 ~15 ~10 ~10 -9 -8 -7 —6 -5 —4 -3
Drift sweep Depletion voltage [V wrtS] Drift voltage [V wrtS]
Guard -5.0V

13

19/02/2019 ‘ 17



Measurements — charge collection ’” Z
on depleted 50 ym thick EDET structures I/ /

Depletion and Drift voltage influence
* integrated 1°* stage amplification (g,),
e charge loss to Clear, and

* charge loss to Drift region.

W09 K07 FFIL; SMALL SIGNAL CHARGE ~2.8X %Fe K,
Thickness 50 pm - -
Gate L 5.0 um 100
Gate W 27.2 pm

99

o B OPERATIONAL POINT ALSO
SG(:;ZCGOH (;EX § % 98 7 DEPENDS ON THE DRIFT AND THE
Gate On 917V ; i @jﬁ DEPLETION CURRENT DUE TO
Clear low 1.0V s o PROBLEMATIC HEAT DISSIPATION IN
Clear high 180V THIN DEVICES.
Clear Gate 05V 96
Depletion sweep
Bulk 10.0 V o
Drift sweep —40 —35 —30 —25 -20 ~15 ~10

Depletion voltage [V wrtS]

Guard 50V
13
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Measurements — charge collection ’” 7
on depleted 50 ym thick EDET structures I/ /

Depletion and Drift voltage influence
* integrated 1% stage amplification (g,),
* charge loss to Clear, and

* charge loss to Drift region.

W09 FO7 FFIL; SMALL SIGNAL CHARGE ~2.8X »Fe K,
Thickness 50 um

max  _
'u'signal =32mV

px4

Gate L 5.0 pm 100.0
Gate W 27.2 pm
99.8
Drain ooy OPERATIONAL POINT ALSO
Souree oy Eo 72) 9.6 _ DEPENDS ON THE DRIFT AND THE
et o E § *”'g’@ DEPLETION CURRENT DUE TO
Gate On 217V £ "=
Clear low 1.0V a 99.4 PROBLEMATIC HEAT DISSIPATION IN
Clear high 18.0 V THIN DEVICES.
Clear Gate 05V 99.2
Depletion sweep
Bulk 100V ; 99.0
Drift sweep —40 —35 —30 —25 —20 —15 —10

Depletion voltage [V wrtS]

Guard 50V
13
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Measurements — noise v integration time ’”/

on depleted 50 pm thick EDET structures IH/ /[

[ntegration time (t;,,) influences |
0
* the overall noise performance of the system. s #
% —50
g -75
. . . E —100
Noise dominated by Leakage Current and Common Mode Noise. g
s Lint Lint
—150
telear teay
—175
W09 Ko7 55Fe RADIOACTIVE SOURCE TLLUMINATION ° 0 e ple w00 1000
Thickness 50 pm _
gq = 290pA/e
Gate L 5.0 pm o m19 pxd, tegp = 100 ps 107 — Ch4: tip, = 3200ns (2) — Ao (e—)? /20?
70 m20 px4, texp i 50 ps 5 o no%se gz Yy =
Gate W 27.2 pm ' o m21 pxd, tegp = 30ps 10 fose it area A [hits] w [keV] o [keV]
... Ka fit area 6.88 x 103 0.00 x 10°  4.65 x 1072
60 » 105 3.93 x 102 5.89 x 100 7.91 x 10~2
Drain OV 0 = a ., NOISE: 12.7 ¢
S 0.0V " "y =
onee o : 5 FWHM: 186 eV
Gate Off 5.0V g 40 ’ 5 10°
2 [} <Q
Gate On =217V S % ° E 102
Clear low 1.0V . .
Clear high 180V 20 ‘ to!
Clear Gate -0.5V " '3202;3338'”:;,““,_‘,: 100 |
Depletion 210V - o HH |H ‘ M
Bulk 10.0 V 0 1000 2000 3000 4000 5000 6000 8
Drift 50V tint 0] Energy scale [keV]

Guard 50V
14
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Measurements — noise v integration time ’”/

on depleted 50 pm thick EDET structures IH/ /[

[ntegration time (t;,,) influences |
0
* the overall noise performance of the system. s #
E —50
g -7
. . . E —100
Noise dominated by Leakage Current and Common Mode Noise. g
s Lint Lint
—150
telear teay
—175
W09 Ko7 5Fe RADIOACTIVE SOURCE ILLUMINATION ’ 0 e 00 1000
Thickness 50 pm o 2000 e
Gate L 50 p.m o ml9 px4, tegp = 100 ps 107 — Ch4: t;,¢ = 3200ns Gl — —(z—p)? /202
70 m20 px4, tezp = 50 ps noise fit yle) = Ae
Gate W 272 pm : o m21 px4, tegp = 30 ps 106 aos I}](()alsgtﬁt area A [hits] 4 [keV] o [keV]
-+ Ka fit area 4.75 x 103 0.00 x 10°  3.88 x 1072
60 o 105 2.26 x 102 5.89 x 100 6.93 x 10~2
Drain 5.0V gee -
s z NOISE: 10.6 e
Source 0.0 V - Ty 510
o, . 3 FWHM: 163 eV
Gate Off 50V 2 40 " 5 10°
2 [} <Q
Gate On =217V S %0 § L2
Clear low 1.0V ' ) 4
Clear high 18.0 V 20 ‘ 10!
Clear Gate 0.5V 0 '330'.;333”"::;0“”“_,: 10° 'W
Depletion 210V o .
Bulk 100 V 0 1000 2000 3000 4000 5000 6000 -2 0 2 4 6
Drift 50V tint 0] Energy scale [keV]

Guard 50V
14
19/02/2019 ‘ 717




Measurements — noise v integration time ’”/

on depleted 50 pm thick EDET structures IH/ /[

[ntegration time (t;,,) influences .
0
* the overall noise performance of the system. 2 #
% -50
:—g —75
. . . E —100
Noise dominated by Leakage Current and Common Mode Noise. £
s Lint Lint
—150
telear teay
—175
W09 ko7 %Fe RADIOACTIVE SOURCE ILLUMINATION ’ P e ™
Thickness 50 um _
gq = 291pAJe
Gate L 5.0 pm o m19 pxd, tegp = 100 ps 107 — Ch4: tip, = 3200ns (2) — Ao (e—)? /20?
70 m20 px4, tegp = 50 s noise fit yle) =
Gate W 27.2 pm ' o m21 px4, teap = 30ns 106 - " moise fit arca A [hits] u [keV] o [keV]
... Ka fit area 3.66 x 105 0.00 x 109  3.58 x 102
60 . 10° A T o T Earaaeavam
Drain HOV " S . 2 NOISE: 9.8 e~
S 0.0 V T "y =
ouree Y ; 3 FWHM: BAD FIT
Gate Off 5.0V g 40 ’ 5 10°
2 ) <Q
Gate On 217V & w0 ° E L2
Clear low 1.0V . .
Clear high 18.0 V 20 : o :
Clear Gate 05V 10 ":o:;::h'x::;”,”._‘.: 10° |
Depletion 210V B . |
Bulk 100V 0 1000 2000 3000 4000 5000 6000 -2 0 2 4 6
Drift 50V tint [n8] Energy scale [keV]

Guard 50V
14
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MPG]

Response function — Calibration @)
of depleted 50 pm thick EDET structures IH/[ /[
Procedure:
e insertion of fixed amount of charge by *°Fe radioactive source PRIMARY g, — 291 pA/e (1 + 0.014)
. .

at optimized operation voltages
* extraction of the primary g,

* explore the full dynamic range with calibrated LED pulses and
leakage current

W09 FO7 Fe RADIOACTIVE SOURCE ILLUMINATION
Thickness 50 pm B
107 gq = 291pA/e
Gate L 5.0 um —— Ch4: t;¢ = 3200ns y(z) = Aef(wfu)2/2o'2
noise fit
Gate W 27.2 um 106 rﬁc;isgtﬁt area A [hits] 1 [keV] o [keV]
... Ka fit arca 3.24 x 10°  0.00 x 109  3.76 x 1072

) 105 7.88 x 102 5.89 x 10°  7.16 x 10~2
Drain 5.0V ; NOISE: 10.3 e~
Source 0.0V = 10 FWHM: 168 eV
Gate Off 50V kS o
Gate On 217V é
Clear low 1.0V Z 10
Clear high 18.0V 10t
Clear Gate 05V
Depcton 210V ||Ihﬂ|!i|| ﬂi
Drift 5.0V 2 0 2 : ‘ ’

Energy scale [keV]

Guard 50V
15
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Response function — Dynamic range ’”\
7l

of depleted 50 um thick EDET structures

Procedure:

* insertion of fixed amount of charge by °°Fe radioactive source PRIMARY g, = 201 pA/e (1 % 0.003)

at optimized operation voltages
SECONDARY g, = 70 pA/e (1 £ 0.10)

* extraction of the primary g, LEAKAGE I, = 0.57 e /ps(1 + 0.05)
L — VY ’

e explore the full dynamic range with calibrated LED pulses and
leakage current

W09 K07 FFIL; tey, = 3.1 ms; 601 PULSES LEAKAGE CURRENT; to, = 3.6 s;
ThiCkneSS 50 P-Hl full, LED full, leakage
Gate L 5.0 um 200 0.57 [e/us/pix]
90 [fA/pix]
Gate W 27.2 ym 2.5 nA/cm?
- 150
Drain 5.0V §
Source 0.0V E ?n 100
Gate Off 50V h
Gate On 217V A 0
Clear low 1.0V
Clear high 18.0V o — px04: gy = 291 pA/e — px04: gg = 290 pA/e
Clear Gat 0.5V v
ear ate 015 ~_____J
Depletion 210V o F
Bulk 100V 0-05
Drift 50V 0 500 1000 1500 2000 0 500 1000 1500 2000

collected charge [103e7]

Guard 5.0V
16
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Summary and outlook

for the project

DePFETSs

extremely versatile detectors
established in spectroscopy

paving their way in the tracking applications

EDET project

pilot production successfully finished, fabrication of the
main batch has been resumed

pilot devices showing expected results
* signal compression
* dynamic range of >800k signal e
* operation window big enough to operate the large area devices

commissioning of the first tile modules with FEE without
movie storage (Belle I DHP ASICs) in 2Q2019

FEE with movie storage (DMC ASIC) currently under
evaluation at MPG HLL

commissioning of the first fully EDET tiles in late 4Q2019

19/02/2019
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Common mode noise

W09 FO7
Thickness 50 pm %Fe RADIOACTIVE SOURCE ILLUMINATION
Gate L 5.0 pm oMo
Gate W 27.2 pm ol a0 ettt s o [ 20 bk e = 30
: o m21 px4, tezp = 30 ps o m21 px4, tegp = 30 s

Drain 50V 60 A WiTHOUT CMC 601 1 WITH CMC
SOurCG OO V . 50 “ : ° : : : . 50
Cate Off 50V o Y S
Gate On 217V gw : R

IS 'Y N e
Clear low 1.0V © 3 Y © 3
Clear high 180V : ‘ .

20 20 .
Clear Gate -05V ';! e “eNRgg, .
Depletion 210V 10 °‘==" “ippraats 10 N T P
Bulk 10.0 V T
. 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

Drift -5.0V tine [ns] tint [ns]
Guard S50V

19/02/2019 ‘ 14/,




Common

W09 FO7

Thickness
Gate L
Gate W

Drain
Source
Gate Off
Gate On
Clear low
Clear high
Clear Gate
Depletion
Bulk

Drift
Guard

19/02/2019

50 pm
5.0 um
27.2 pm

5.0V
0.0V
5.0V
-217V
1.0V
18.0V
05V
-21.0V
100 V
5.0V
5.0V

mode noise

Onoise [6_]

20.0

17.5

10.0

7.5

5.0

5Fe RADIOACTIVE SOURCE ILLUMINATION

zoom

0 1000 2000 3000
tint [n8]

o ml9 px4, texp = 100 ps
m20 px4, texzp = 50 ps
o m21 px4, texp = 30 ps

WiTHOUT CMC

4000 5000 6000

Onoise [6

20.0

17.5

15.0

12.5

10.0

7.5

5.0

CMC zoom

1000

20 % CHANGE IN 0,

o ml9 px4, texp = 100 ns
m20 px4, tegp = 50 ps
o m21 px4, texzp = 30 ps

WITH CMC

© 9 -0.g
%9

2000 3000 4000 5000 6000
tint [IlS]

(



Radiation hardness

CLEAR GATE
EXTERNAL GATE

Radiation causes positive charge buildup in Oxide: SOURCE

* homogeneous radiation — compensated by gate voltage shifts

* inhomogeneous radiation — could cause problems

« 105 Charge loss. @Vgs =-3V, Vds=-5V
5 T T T T T T OXIDE
—®— expected
—+ unirradiated
a4} _ . ]
irradiated (V' shift=2") OVERFLOW

Y REGION
2 -, INTERNAL GATE BACKSIDE
o ¢
5 o[ '
@ "]
[T} 0.0 *  pxl Saturation Mode
St A
o > 4 *  pxb Saturation Mode
E) Zr ] ; 05 ~ *  px6 Saturation Mode
g Z .10 \\\

1 B O . . d -1 § \\\\\4 |

: peration window g -2,0 - . —
- J x, / krad(SiO,): |m / mV krad”(SiO,): lﬂ\
. —— (100pe- limit) 5 . |/ S0 (8i0,) R
) = 77 | px1: 175 4 /= 44 | px1: -1.12 +/- 0.12 \\\
¢ T 50 v 1 28 | px5: -1.33 + /- 0.1 ~
Qe 1 1 I I I I =3,0 qf pros o0 20 | pxo: -1.95 ).1U ~Z
0 1 2 3 4 5 5 7 3k 1| px6: 163 +/— 22 | px6: -1.23 +/- 0.07 \‘\\
-9,0 T T T T T T T T T T =

charge (electrons) B 0 500 1000 1500 2000 2

500
X 10 Total ionizing Dose / krad(SiO,)
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