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device basics of SDDs, pnCCDs and DePFETs
- functional principle
- technical realizations
- formats and geometries
- performance figures

SDDs present and future
- Planetary Science
- Material science
- Basic science

pnCCD present and future
- Astrophysics
- Wave Front Sensing
- X-ray FELs
- Electron Imaging

DePFET- APS present and future

- Functional principle
- QE, energy resolution, position resolution, radiation hardness

- Applications: BepiColombo, Athena, DSSC @ XFEL, Belle II,




1. Semiconductors: Eg,,=1-2eV
— small leakage currents
— |low noise, operation @ r.t.

2. Paircreationenergy: w= 2-5 eV
— large number of signal charges
per energy deposit in detector
3. Density:p=2-5gcm3 — high energy loss per unit length
— |ow range of O - electrons

This leads to:

good energy resolution

high spatial resolution

high quantum and detection efficiency

good mechanical regidity and thermal
conductivity

Semiconductors equally offer:

fixed space charges

high mobility of charge carriers o S
Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen




Detector and electronics

simulation and layout

1. The detector idea: simulation
of electrical properties
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+2057e02
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-7 553e+00

3. Design and layout of the entire
detetor system, including signal
processing and DAQ

Instrumentation @ BNL, 17.-18. Nov. 2011

2. Simulation of the
production process

T T
depfet technology

1 o M [&L |Po [Heractivalfonal [-1019 [-1018|-1017 | 1018 |-101% | 1074 [0 1014 [101%] ]

Lothar Striider, MPI Halbleiterlabor and University of Siegen

T T T T T T T T T T T T T T
1




The location

or, Munich, germany

Dicing, t

Device tests and operation
Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen
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e structured diode:
double-sided stri
detector

- material silicon

- geometry
¢ sjze wafer size

typ.

¢ thickness
e strip width/pitch

6 x 6 cm?

10 x 10 cm?
300, 500 pm

it depends ...
10 ym ... 1 mm

e position accuracy down to few pym

applications
¢ particle tracking

Instrumentation @ BNL, 17.-18. Nov. 2011
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e double-sided strip
detector

- advantage
n? resolution elements
with
2n readout channels

P+ Strips
- disadvantage

ambiguity at high WYY Yy
occupancy Aty

??

b 2dim pixel sensor

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen
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diode

electronic noise

ENC =\/ 2kT C., —+2na@ Fa iy Ay
&

optimum shaping time

\/ 24, kz(cm )2
Topt =

A, q T 3g,

> for
= good resolution

= high count rate capability

the total capacitance must be minimised!!

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen
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anode

integrated FET é’ field strips

SDD with on-chip FET

- -V =

. . . path of
one-sided field strip system Fi- SlllEGH ee@e electrons

backside illuminated

integration of 1st amplifying FET e Qacks EaiARS
dedicated n-JFET _
-1501-
> minimization of total capacitance '
minimiz f ) P - - back contact
- good energy resolution =
> high count rate capability 2
> robust against pickup, ] e
microphony c .
3
. z
comparison ¢

pin diode 10 mm? x 300 um
Ciot = 3.5 pF

SDD with FET 10 - 100 mm?
CTOT = 30 - 50 fF

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen



Depleted n/p channel
Silicon Drift Fully leted Controlled JFETs SFETs

Detectors pnCCDs Drift Detectors (DePFETS)

Linear ||| Spiral ||| Cylindri- Multi linear Depleted n/p channel
SDDs ||| sDDs ||| cal SDDs controlled JFETS/MOSFETs
DePFETs

Drift Detectors

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen




Spectroscopic performance of
5 and 10 mm2 SD3 detectors

operation femperature -20°C

1-stage Peltier cooler Optimized detector entrance window
optimum shaping time 0.5 s for light element detection - pnWindow
pulsed reset operation 140

I mm’ @ -20°C S S ]
135 SD3 10 mm’ @ -20°C ,

O
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Spectroscopic performance of
5 and 10 mm2 SD3 detectors

operation femperature -20°C

1-stage Peltier cooler Optimized detector entrance window
optimum shaping time 0.5 uis for light element detection - pnWindow
pulsed reset operation | | | | |
T v T ' v ' ' T
3500 |- - 0K .
- | SD3 10 mm * 1
fwhm = 48 eV
3000+ | 42eV @ C-K -
2500 - .
0 2000 F .
=
'O 1500 | .
. _ B-K_
1000 | fwhm = 38 eV -
‘ C-K_
>00 I fwhm = 42 eV
Light element detection 0 , / A il T S
FWHM @ B-K=38 eV 0 100 200 300 400 500 600 700
P/B =13,000 + 20,000 Energy [eV]

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen



Spectroscopic performance of
5 and 10 mm2 SD3 detectors

operation femperature -20°C

1-stage Peltier cooler Optimized detector entrance window
optimum shaping time 0.5 s for light element detection - pnWindow
pulsed reset operation .
- [ sD3 10 mm? FWHM= 124 ev»{ \-— f
10000 | | P/B = 17,000 4
| M-k, §
i escape peaks ]
1000 E <
[} C
£ :
|
0
& I
100 3 E
10 :
Light element detection 1 P SR S R S SR S
FWHM @ B-K = 38 eV 1000 2000 3000 4000 5000 6000 7000
P/B =13,000 = 20,000 Energy [eV]
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01

Ereignisse f sec

0.01 |

Meridiani Staub

Fe

McKittrick nach Schleifen

*=Untergrund
+ = Mars-Atmosphare

BO11_B021_geo_cor_xr de P2

The APXS system of the MPICH in Mainz:

Energie [keV]

Barnacle Bill Martian Rock
APRE H-ray Spectrum TiraT

100000

Excitation with Curium-244:
a - particles
X - rays

10000

1000

Intensity

AE @ Spirit&Opportunity @ 1.5 keV: 80 eV =
AE @ Pathfinder @ 1.5 keV: 280 eV

Energy (keV)
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SDD — Modules from
5 mm?2bis 100 mm?2,
1 — 77 Module/Chip

scanning eleciron
eleciron sousce
microscepe

Measurements made by
RONTEC, Berlin

magnetic
lense

scanning

X
X
magnets B

electron detector SBD for SEM
for scattered and characteristic - -
secondary elecirons X-rays Image

Scanning electron microscope
with separated electron and
X-ray detector

““colour —
image”™”
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SDD with integrated FET
SDDs as chips

SD® 10 mm? SDD 30 mm?

SDD 10 mm?
6 x6x045 mm3

8 x 8 x 0.45 mm3 T

SDD 100 mm?
14x14x0.45 mm?

... and as modules

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen



i —s— SDD cellf at -20°C ]

— 160 - —=— SDD cell2 at -20°C -
5 I —=— SDD cellf at-10°C |
s —=— SDD cell2 at -10°C

155 |- -
X - -
&
= 150 | i
® - i

- -

S 145 | - - ‘:';_:H_. ———
i 1R
g [ | | a
L o140 | -

135 |- . ——

130 : | N | 1 | N | 1 1 ! | 1

0,0 0,5 1,0 1.5 2,0 2,5 3,0 3,5

. monolithically integrated, no dead area
Shaping time [us]
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19x5 mm?2 = 95 mm?2 12x5 mm2 = 60 mm? 6x5 mm2 = 30 mm?

vl i e ——— ]

Ty . ; ’

! !
S



- combining SDD with modern scintillators

y-ray 2x10° — T
WCs spectrum 661.7 keV

LaBr 1x10° -
scintilator

v

e

Counts

Anti-reflecting
_~ coating on SDD-EW 5 105
X
/

substrat

J E

0 200 400 600
( W Energy (keV)
UV Light SIEifif SN X-Rays Mid X-Rays | Hard X-Rays

Visible Light | '™ L | 11030 keV | to 50keV | > 100 keV
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full depletion (50 ym to 500 um)

back side illumination

radiation hardness

high readout speed

pixel sizes from 30 ym to 650 pm
charge handling: more than 106 e-/pixel
high quantum efficiency

Instrumentation @ BNL, 17.-18. Nov. 2011

Seciron paieniiol |
W
S ©
\

43

L3
1

tra nsfer

ragisters

=%
=

)
T

T
i\
:\\\“‘t\ N

AMY
WML
A
AW
o o ‘\:\\

A
T
e
ey

shift of
signalcharges

RRXY YV ¥7

on chip readout electronics

w

1 plie ensitive thic kness (280 um)

(158 % 158 pn’)

backcontact

and University of Siegen






100000

|

1000

100

energy range

10
m.i. particles no problem

silicon absorption depth [pm]

photons
.. ' 0.1
Sl is fransparent entrance window dead layer
at high energies » 10 keV 0.01 —
absorption ~ Z5/E3 — IR =
in The IR 1 10 100 1000 10000 100000 1000000

hot E photon energy [eV]
photTon energy < gap

L transmission without interaction Lo f .

0.9 |- .

.. - 08} d
Si is a good absorber N

in the optical 8 osll -

in the UV u“E_" os| o

at X-rays from 100 eV to 15 keV g oer — -

> 03 opt & uv filter =

- loss of signal charges in the 02 .

entrance window dead layer . ]

0.0 .

0.1 . I .;. I — I1[3

photon energy [keV]
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The thickness of Silicon !
And the radlatlon entrance window !

1.0 INK _
o8 Q.E7|= 38 % @ 24 keV
- I d=1mm
g N -
:3 0.6 Detector Thickness
EE:' i 300 um \ |
£ ol \
s | \ Q =20 % @ 24 keV
: < d 0.5 mm
0’2 -
: 2000 um
D,D- M 2 MR | M M a3 s a2l M " 2
0.2 1 10 50
Energy [keV] 8keV 24 keV
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energy resolution

limited by
2kT 1 100
ENC , =\/a—C;tAl—+2n'afCé,A2+q]LA3r _
m T %
=
I
2
electronic noise can be influenced by
detector design, integrated e s P
CICCTPOHiCS Energy [eV]
coolmg - different electronic noise levels
fast oper'a‘rion - Fano limit

repetitive readout

Fano noise, ultimate statistical limit

e, - [FEx
w

= ENC: + ENC

fano

ENC?

tot

total noise

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen




Enerav ranae 1eV ... 25 keV
gy rang (optimized for 0.1 ... 15 keV)
Number of pixels per chip up to 1024 x 1024
Sensor Pixel Shape square or rectangular
Pixel size 30 x 30 ym?.... 600 x 600 um?
Dynamic range / pixel / pulse 3.000 photons @1 keV
Resolution (S/N >4:1) Single photons @ 100 eV
Electronics noise 2 - 8 electrons r.m.s.
Frame rate Up to 2.000 Hz
Sensitive detector thickness SOpm .... 1.000 pm
Operating temperature 0°C ....-100°C

Dynamic range 10.000 : 1



Applications:

XMM-Newton

eROSITA

Adaptive optics

Surface analysis at BESSY

Clusters at FLASH

Fluorescence measurements

Diffraction méasurements of blologlcal sampJ =

1.
2.
3.
4.
S.
6.
Tér
8.

9.
_ 10.SVOM MXT
11 Electron deteﬁ@ ,;,tlon in TEMs




E Device
> Monolithic array
of 12 pnCCDs
200 x 64 pixels each

MPE-XMM-LLD

Y

Y

pixel size

150 x 150 um?
6 X 6 cm? area
4* wafer

280 um thick

v vV vV V

Common entrance

window

E Performance
> 5 e- ENC
> Readout time
4.5 ms
> Integration time
100 ms
> Energy resolution
150 eV FWHM @ 5.9 keV
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1 1 1 | 1 1
1 1 1 | 1 1
1 1 1 | 1 1 1
1 1 1 I 1 1
1 1 1 | 1 1
A
[ew]
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> PR | | | | |
§ PoxX | | | | |
I P8 | | | |
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1 1 | 1
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1 1 | 1
I I I N SR B
i | SERIAL REGISTER i i

P. O'Connor et al.,

Technology of the LSST Focal Plane

NIM A582, p 902 — 909, 2007

41 nm

Quadrant 0 Quadrant 1
194 1m 194 um 214 um 194 um 194 um
CCD2 CCD1 CCDO CCDO CCD1 CCD2
64 x 198 pixel:
150 x 150 pm
a
64 x 1 pixel:
150 % 200 pm
64 x 1 pixel:
150 % 200 pm
CCD2 CCD1 CCDO CCDO CCD1 CCD2
194 um 194 pm 214 um 194 um 194 um
Quadrant 3 Quadrant 2

L. Struder et al.,
The MPI / AIT X-Ray Imager (MAXI) —

High Speed pn-CCDs for X-ray Detection
NIM A 288 p 227 - 235, 1990

41 pm
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Tycho SNR

Image and spectrum
Supernova remnant

Observed by Tycho

Brahe in 1532

Intensity

Single photon
counting in X-rays
Timing with X-rays
Todate: 4.000 ref.
XMM papers

3 Ca XVIIIXIX
: A Fe xxill-xxv
s N

Si xiixiv

’ XMM-Newton

; 'i_ ixwxw EPIC
Wi

Ar XvI/Xvil

w

W
\

Energy [keV] MPE Garching




XMM-Newton
- EPIC

Magnesium Silizium

Tycho's SNR

Schwefel




XMM measurement of the

courtesy of Chris Reynolds

Fa
©

8

6
Energy (keV)

i
Relativistic
Fe-line

was measured by
XMM - Newton

e
u
4

© i
Iﬂm »_0IXS'T o 0T o OIxg 0

_“ﬂlbﬁx {8 p_uId gd) xng aur]




A&A 365, L18-126 (2001)
DOI: 10.1051,/0004-6361:20000066
@ ESO 2001

Astronomy

Astrophysics

The European Photon Imaging Camera on XMM-Newton:

The pn-CCD camera*

L. Striider!, U. Briell, K. Dennerl!, R. Hartmann?, E. Kendziorra?, N. Meidinger!, E. Pfeffermann?
? 2 ? ? 1 g 2 ?

C. Reppin', B. Aschenbach!', W. Bornemann', H. Briuninger', W. Burkert!, M. Elender!, M. Freyberg!,
F. Haberl!, G. Hartner!, F. Heuschmann!, H. Hippmann!, E. Kastelic!, S. Kemmer!, G. Kettenring!,

W. Kink!, N. Krause!, S. Miiller', A. Oppitz!, W. Pietsch!, M. Popp!, P. Predehl’, A. Read!,
K. H. Stephan', D. Stétter!, J. Tritmper', P. Holl?, J. Kemmer?, H. Soltau?, R. Stotter?, U. Weber?,
U. Weichert?, C. von Zanthier?, D. Carathanassis®, G. Lutz®, R. H. Richter®, P. Solc?, H. Béttcher?,

M. Kuster?, R. Staubert?, A. Abbey”®, A. Holland®, M. Turner®, M. Balasini®, G. F. Bignami®,

144
132
120
108
96
84
72
60
48
36
24
12
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Four 3cm x 3cm CCDs still on Si-Wafer. ool
The CCDs have 384 x 384 pixels in both image e J.| !

and framestore area.

Pixelsize: 75 X 75 pm?2.

Instrumentation @ BNL, 17.-18. Nov. 2011

T R E . B 5

e W N

T
q E CH@ITT eV
900 F FWHM{sH events)= 47 ¢V

0 1000 2000 3000 4000 5000 6000 7000 8000
Energy [eV]

Measurements at C Ka (277eV) and
Mn Ka (5,9 keV) on flight- CCDs
show the expected energy resolution
and low energy response.
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384

Status of eROSITA

20

100
Intensity [# photons]

Mirror fabrication is contracted to
the companies MediaLario and ZEISS

Mechanical and electrical models of
the flight cameras have been built

Qualification models are tested

Launch is expected to be in 2014




- detector size = 27%x13.5 mm?

*48 umo pixel size
. « 528%264 pixel in total
! q,ﬂ”'!'{ll L » readout transfer to both sides
I * image transfer time = 30 us
« OOT probability = 3% @ 1000 fps

« charge transfer loss CTl = 10

Pt - charge handling capability > 10°e-
’L * 100% fill factor
o readout noise vs. frame rate:
2.3e @ 10 .. 400 fps
2.8 e @ 400 .. 1000 fps
* With binning:
2.8 e @ 2000 .. 4000 fps

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen
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= E=90eV .
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i ENC = 2.5 e (rms) i
-t =
b =
L | —
-9 &
-9 =
L e ]
- g
=3 FWHM: 38.9 eV J
— r D — ]
o © i
L S —
~ h i
= o Z
o il
- d 5
-30 eV -
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T =-50°
e Spectrum from 4.000 frames
with 0.01 photons/pixel/frame
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ADC <t+——

X3INVO

DOOANNNY

ADC <t+—

X3AAVO

DOSNNN NS
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X3INVO

DN ARNNY

ADC <t+——

DAY,

ADC <¢+——

XIAWVD | | X3INVD
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AN

ADC <——

X3NVO
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X3IAWVO

ADC <}+——

X3NVO

readout of image

readout of image

<

>

CAMEX

7

——> ADC

CAMEX

——> ADC

CAMEX

P

—> ADC

CAMEX

—> ADC

CAMEX

—> ADC

CAMEX

—> ADC

CAMEX

——p> ADC

CAMEX

—> ADC

readout of image

>

readout of image
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8 x 3.7 cm2 = 29.6 ¢
> um_2

for 6 keV X-rays the system delivers 4k x 4k resolution points
in all the area with less than one photon per pixel (typ. 90 %)




FEL beam




Back detector:

Gain: High gain/256

Max. charge: 2.5x10°

Noise: 25 electrons







* + .
<+

+
+
MPI \\

Rear pnCCD
(z=564 mm)

Interaction Front pnCCD
point (z=68 mm)
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Back detector:

Gain: High gain/256

Max. charge: 2.5x10°

Noise: 25 electrons
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Charge Handling Capacitance
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Charge Handling Capacitance
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Imaging Performance

mwﬂmm«lnvm L

|




s ()

!
i)

oxygen Ko ! 4p->3d E
I (from residual gas

55,jp->4s,p,d
3d->3p ;

Fluorescence yield [arbitrary units]
w

| ' |
stray light:
(1500eV) !

—— 48-50pJ/um’”
—— 46-48pdium®
—— 44-46pJ/um”
—— 42-44pdipm®
——— 38-42uJ/ipm’
—— 20-25pdium?®
—— 5 Tpdium’

(b)

3R

Intensity (arb. units)

1s2 2s2 2p6 3s2 3p® 3d10 4s2 4p6 4d10 552 5p°®
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MPI

Halbleiterlabor

Xe atoms
1 X" hv = 1500 eV
] / FEL intensity
— 100%
| — 50%
e — 10%
7 7+ +
Xe20+ 1l}+xe Xe Xe4+
] X? Xe"
] Xe*
M ot
| N | I I | | I
05 1,0 1,5 2,0 25 3,0 35 4,0
lon time of flight (us)
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pixel size: 50 x 50 pm?
or 75 x 75 ym?

resolution: o, , <10 pm

frame rate: 360 Hz

5 el. (rms)
1.000.000 el.
typ. 3x3

3 MeV

450 ym



CAMEX ASICs

Ceramic boards

1024 pixel

Thermal spacer
X-rays






MPI

Halblgiterfabor

Gap in between active
areas of the detectors:
D=2 mm



4+, +

MPI

Halbleiterlabor

Array of 2048 x 2048
Pixel of 75 x 75 ym?2




MPI

Halblgiterfabor

source clear gate
DEPFET DEPFET
turned ON CLEAR turned OFF
* * * external internal
gate | | gate | I | clear
e A (o >
3 1st measurement N
Q
7 baseline + signal @@
L 2nd measurement amplifier
W N baseline ¥ time == 7ﬂ
oV FE &
1 —']r P+ drain S clear gate

F  Measurement of signal
> Measure signal levels
» source potential / drain current
> Measure both before and after clear
> Calculate the difference
» correlated double sampling (CDS)

Instrumentation @ BNL, 17.-18. Nov. 2011

p+ SOy rce

n+- dear

deep p-well

Ci&ep n-doping
||'I1'er'n0| gc”_ea

depleted
n-5i bulk
P+ back contact
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N -

Instrumentation @ BNL, 17.-18. Nov. 2011

. Flexible operating modes
. low power dissipation (less than

2 W in 100 cm?2, DePFETSs only)

. Fano limited energy resolution

from 0.5 keV to 30 keV

. Spatial resolution better than

20 yum @ 100 pm pixel size

. Homogeneous radiation

entrance window
ardiant n hardna

Irntr cc
. lll‘.llllalb la\.IIaI.IUII IICII UIIGOO,

no charge transfer needed

. ENC was lowered to

0.2 e-rms with RNDR

. Thin optical “"Blocking Filter™”

can be directly integrated

. Operation at “"warm temperatures™’,

eg.—40°C

MPJ’

Halbie

Asteroid or VELA

iferiabor

YIAHDLIMS 240b

v

N

S ~—

1 —

L

N

|

clear SWITCHER

Asteroid or VELA

Lothar Striider, MPI Halbleiterlabor and University of Siegen
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“Backside” illumination: , , , . : o

Source on top of entrance window 3500 |- | . | -
o _ fwhm = 48 eV
3000 |-
Mn-Kou
\ M-Kp 2500
190 ®» 2000 |
g | § 1500 |-
3
Escape Peak 1000
e T u | B
I HHI | ‘ il . H‘ I 500 i
0 I N\ f 1 A ] 1 ; ] A i
0 100 200 300 400 500 600 700
1o o 2 3 4 5 6 7 Energy [eV ]
Energy (keV)
P yield & homogeneity
« timing
2 usec/row <-> 32 psec/32x512 *  defect pixels
sensor 2 in 45 devices (> 106 pixels)
* room temperature pixel yield > 0.99999
220 eV FWHM @ 5.9 keV (singles) . dispersions
* moderate cooling -40 °C offset <29, (of Mn-Ka)
126 eV FWHM @ 5.9 keV (singles) gain <59,
131 eV FWHM @ 5.9 keV (all events) noise <10 %

» extrinsic speed & resolution limitations
Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar S
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+ 4 3 +

_ MPI

N

Halblgiterfabor

CAMEX 0.8um

readout ASIC for use with CCDs
& DEPFET Pixel

ASTEROID & VELA & VERITAS 0.35um
readout ASICs for DEPFET Pixel & cCD

SWITCHER 0.35um HV

DEPFET matrix control ->
selection of a pixel row for readout or clear

DSSC ASIC 130nm

preamplifier with high speed and
high dynamic range for XFEL DEPFETs

DHP cluster engine 90nm

data clustering engine for data reduction
for tracklets of Belle IT

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen



++++

Where to find - Examples MPI

Halbleiterlabor
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PCI DAQ System (PXD5+,5X XL) -y

Halbie

iferiabor

b analog —»
_:' timing 5 ADC -
= g

.:.,'- analog ——p
é timing ADC <:> 8
= »
\RE <: SEQ SC :E: 8
ASIC SPI al

control

256 x 256 Pixels
4-8 Asteroids

8 SWITCHER S
80MHz SEQ
4Ch ADC

V%
N

-
O
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30 000 bunches/s

but
99.4 ms (%) no photons

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen







Timing Network
SlowenS —>! Local DAQ :>

BACKEND:
Post-Processing
Data-Storage
Analysis

Board-to-Board
Connector

REGULATOR BOARDS
MAIN BOARDS

l..n

Readout Conc;ept

Optimum analog shaping

In-Pixel SRAM

Instrumentation @ BNL, 17.-18. Nov. 2011

Immediate 8 bit digitization (9 bit for f < 2.2 MHz)

Lothar Striider, MPT Halbleiterlabor and University of Siegen

ASIC

Drain Readout

¥

Trapezoidal
Filter

¥

8bit-Single Slope
ADC

¥

SRAM Memory

(576 words min.)

Digitized data are sent off the focal plane during 99ms gap
» Sensor & Front-end electronics can be switched off during the gaps

per pixel

* +‘
-;-=¢rr+

MPI

Halblgiteriab

)
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L S

Non-Linear DEPFET Working Principle e

Halblgiterfabor

gate
A
c
o
5
&)
c
JS
Q
—_—
time
Internal [
= AN
gate o
©
e — =
2
+ The internal gate extends into the region below 'g
the source <
S
+ Small signals assemble below the channel, being ©
fully effective in steering the transistor current O I
« Large signals spill over into the region below the time >

source. They are less effective in steering the
transistor current.
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MPI
1-2 mW/pixel peak power - 1-2 kW peak power Halblgiteriabor
Power cycling about 1/100 - S5
10-20 W mean power

A careful thermal design is needed
Voltage regulators have to be deliver a
lot of power in a short time

Clock Copper Frame w/
Driver Block Grooves

Power
Cycling

HV/HS-S I/O Board
R.égulator Board

Pulse
Generation

Main Board
Heat Spreader
. ROC

K. Hansen - DESY
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MPI

Halbleiterlabor

* 1024x 1024 pixels
* 16 ladders/hybrid boards

* 32 monolithic sensors
128x256 6.3x3 cm?2

 DEPFET Sensor bump
bonded to 8 Readout
ASICs (64x64 pixels)

» 2 DEPFET sensors wire
bonded to a hybrid board
connected to regulator
modules

21 cm (1024 pixels)

* Heat spreader

 Dead area: ~15%

128 x 256 Pixel Sensor

Instrumentation @ BNL, 17.-18. Nov. 2011 Lothar Striider, MPI Halbleiterlabor and University of Siegen 82



DSSC - Expected Performance m

Energy range _ .0.5 ... 25 keV
(optimized for 0.5 ... 4 keV)
Number of pixels 1024 x 1024
Sensor Pixel Shape Hexagonal
Sensor Pixel pitch ~ 204 x 236 pm?
Dynamic range / pixel / pulse >10.000 photons @1 keV
Resolution Single photon @ 1 keV (5 MHz)
(S/N >5:1) Single photon @ 0.5 keV (< 2.5 MHz)
Electronics noise < 25 electrons r.m.s.
Frame rate 1-5 MHz
Stored frames per Macro bunch 2512

Operating temperature -10°C optimum, RT possible



MPI

Halbleiterlabor

KEKB will be upgraded to reach a luminosity of 8x1035cm-2s-1
The Belle detector, especially the vertex detector needs to be

Crab crossing tested successfully, research ongoing

Crab cavities
’ —

reweempe  SuperKEKB

upgraded:

=Background occupancy 8x — 15x Belle
»Radiation damage (1-2 MRad/year)
=Better performance (resolution)

& ballows

=

| | 7 e, g £
High occupancy excludes strip detectors .

=> Pixel detector

=> Fast readout

Resolution dominated by multiple scattering:

=> Thin sensors needed

Due to its superior performance of the DEPFET can cope W|th

this challenges ..,
MPP (& collaborators) will construct a pixel vertex detector = A

based on DEPFET technology for Belle Il i B . *
ey ——— will reach 8 x 10%° ecm%s™'.
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MPI

Halbleiterlabor

20 modules

with 400.000 pixel each
thinned to 50 um

read out with 50 kHz

DePFET noise level
around 40 electrons

System noise level
around 100 electrons

12 cm
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Monolithic all silicon module
No additional support structure

Thickness of active sensor: 50 ym
sy PIX€l size: 50um x S0um
== Number of Pixels: 400.000

Frame readout: 50 kHz

~ il Low power: 0.1 W/cm? in active area

PXD Outer Layer

dram fnes

[|“'*—'—= Switcher chips (line driver)

N cross section T T T T T T T T T T T T
= {height not o s

‘HH‘_""‘E thinned acfive pixel area

CiZD chips (analog)
DOHP chips (digital)

flex cable
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7/

Prototype Module, thinned down to 50um
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Sumﬁidr‘y and Outlook:

(0 SDDs are heavily used in science'and industry

(O pnCCDs are used in different fields of basic science

Their performance figures are close to theoretical -'-.I_imits

O They can be monolithically built as large as 9 x 9-cmég,
— 'rma_y__can be read out up to 1.000 times per second

—

-'H-

CI 3 DEPFET active puxelr fnsor‘s are bemg develaped for: @y
5 MHz operation!in a 3D technology for sin 1 | phot nﬁ

counting from 300 eV up to 25 keV'
(0 DePFET detectors are able to deliver a dynamic range
up to 5 x 10* with non-linear signal compression




MPI Halbleiterlabor on the
SIEMENS Campus in Neuperlach

*Halbleiterlabor







