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Cifj=  OUTLOOK

Single photon counting detectors for X-ray applications
Yesterday

Introduction of Paul Scherrer Institut
Chip design at PSI
Basics of X-ray synchrotron radiation emission
Detectors developed by the SLS Detector group for X-ray
detection
— Single photon counting detectors
1. PILATUS (2D)
2. MYTHEN (1D)
8 EIGER (2D)
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Cifj=  OUTLOOK

Single photon counting detectors for X-ray applications

« Summary of the single photon counting detector talk
» Basic of charge integration with analog readout

— Charge integration detectors
AGIPD (2D, XFEL)
GOTTHARD (1D, XFEL & Synchrotron)
JUNGFRAU (2D, XFEL & Synchrotron)
MONCH (2D, XFEL & Synchrotron)

~own -

+ MONCH
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[~ PAUL SCHERRER INSTITUT (2011)

~1700 Staff employees; 30Km from Zurich
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a-{j» The CMS Pixel Chip (Roland Horisberger)

7.9 mm

98 mm

double—column

~__ data—buffers
Aud . time—stamp buffers
| Interface, DACs, regulators

CMS module based on PSI46 Chip
*Technology: 0.25 um IBM — R— —

btk L P LT TET N TTTEL] (LT} % !u»lf_;", j!l}'j_l

* Pixel size 150x100 um? . T
*Tested up to 100MHz/cm? ~ 20 kHz/pixel

e Time resolution: 25 ns

» Deadtime/ pixel: 100ns
*Module: 416 x 160 pixels (62.4 x 16 mm?)
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PSS Chip design at PSI

Electronics group CMS

MEG

Chip design
core team

SLS Detectors

/ 1\

Sept. 2006

\V4

Spinoff company: Dectris LTD

*Development, production and sales of next generation
X-ray detector systems for synchrotron and industrial applications
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o Chip design at PSI

. Pixel chip for the inner tracker
CMS
PartICIe New version for LHC luminosity upgrade

phySiCS MEG Domino sampling chips (DRS4)
New version for MEEE (DRS5)

Synchrotron light (Mythen,Pilatus,Eiger)

X-ray detection
XFEL light (Agipd, Gotthard, Jungfrau, Monch)

Astronomy  sensor design

HiZ — Neutrons — Low energy X-ray — Electrons

Resea I'Ch Detectors
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= -{}»  Basics of X-ray detection

Detector

Flight Tube

Slits

Monochromator
__ _ Sample Beam stop
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(3 Tasks that we perform at PSI

eSpecs definition

*Chip design CAD mantainance (HW and SW)

e ASIC design

eSensor design

eBump-bonding masks design

eBump bonding

eWirebonding

eDesign of the ASIC test system (HW,firmware,SW)
e ASIC tests

eFull readout system (HW,firmware,SW)

eMechanics and cooling design (and partly production)
eData transfer to long term storage

eDesign of the wafer testing system

eDetector assembly

eDetector tests

eDetector commissioning

eDetector ,,mass” production

eDetector support
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L_ —]

1D hybrid detectors (strips)

i ‘tmmvmw mmmwf i

I

ettt eeottete ettty T reeeeet

Wire bondmng pads

p+ implants

wuu e
| | | [

fff

Strip detectors
« High segmentation
« Small data throughput
= . * Lower cost per area

Powder diffraction

To the readout chip Fluorescence emission

AVAVAVAN spectrometers

Beam position monitors

n+ implant
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(- » 2D hybrid detectors (pixels)

A silicon detector
bump-bonded with a readout chip

Sensor, d=320 pm _ _
l 2D Information!

Roberto Dinapoli, INFN-TO course, November 2013 1
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= Single photon counting pixel detectors

Simplified working
scheme of a channel

Induced
Curren Counter
l S Bnom O O Bitn O
Incoming photonv B N N —

i Amplifier  ShaperDiscriminatodogic lReadout
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= Mythen Il full detector

Second
Layer

ofull 120° spectrum taken in less
than a second

*makes measurements 5000-15000
times faster

e solves problem of radiation
damage in organics

 unique tool for time resolved 1D
experiments (powder diffraction)

120° Mythen system at the Powder diffraction end station, MS beamline
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(15 Single photon counting pixel detectors

PILATUS | PILATUS II EIGER

;

SEIEIRa Y

\ \
\
< =

W
¥
L\
w

al!
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5 XFELs and synchrotrons

Synchrotron source : XFEL
Photon counting . T
readout . I
VL i
1o : ) /O/é -
L - - ’339 ‘%/' :
R % Q
e~ S 100fs -
: c:> T S

Synchrotron source: | | XFEL:

«Huge number of “weak” photon
bunches

«Photons impinge on the detector
with a random time distribution
«Several tens of kGy

«Fewer intense bunches

«All photons coming at once

«High number of particles/channel
per bunch

«EUXFEL: 1GGy
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A5 Counting vs. Integrating

ARtpditboaEnerfy V]

+1 +1

ADC Value

Threshold

Roberto Dinapoli, INFN-TO course, November 2013



PAUL SCHERRER INSTITUT

= Common chip testboard

Roberto Dinapoli, INFN-TO course, November 2013 17
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RS XFEL detector development

Beam Characteristics:

100 ms 100 ms e Bunch train repetition rate 10 Hz
« > > e Bunch train duration 600 s

0.6 s K Number_ of bunches/train 2700
O _ « Separation of bunches 220ns

arriving in <100 fs
 Wavelength: 0.1-6 nm (12.4-0.2 keV)

. ‘ ‘ ‘ * (SASE) Each bunch consists of ~1012 ph
Il |

Challenges:

é(@ \ * Instantaneous” energy deposition

FEL  « Large number of bunches per train

process

102 X-ray photons * Very short separation between bunches
<100 fs » Large dynamic range:
* 0 to 104 ph/pixel (=3.3 10° e/pix)

 Single photon resolution (low rate regions)
* Limited by statistic (high rate regions)
» High radiation tolerance: expected to
survive a ~GRad dose (on the sensor)

Roberto Dinapoli, INFN-TO course, November 2013 18
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=

AGIPD

AGIPD 1

AGIPD 0.1

TR

o

[

=
=
=

(LG

N

AW
v

Active area:13x13 mm?
*64x64 pixels

©200x200 pum? pixel

eSingle photon resolution
eDynamic range 104 x12keV ph

AGIPD 0.2 AGIPD 0.3

Uy PRI
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BS Preamplifier with automatic gain switching
«Common for 1D and 2D
*The gain is automatically
adapted to the input photons.

Control | | . Singlg photon resolution + high
logic c2 dynamic range.
0. > | « Correlated double sampling
L . — Vou buffer reduces reset noise and 1/f

Charge Integrating

ref

600
500
400

300

|
200 ‘\

100 |

output voltage (mV)

0

Correlated double sampling

Sim. data

noise.

/

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Number of the input photons
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(=5 Storage and readout

Voltage (or charge) local readout buffer

Vv

out,chip

Chip output buffer
(better if differential)

Concept common for 1D and 2D
Much more challenging for 2D

Roberto Dinapoli, INFN-TO course, November 2013
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sl

AGIPDO2 - First Image

Roberto Dinapoli, INFN-TO course, November 2013
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10

10 20 30 40 20 60
*Noise ~300e-
*Dynamic range ~16 photons @12keV
sFrame rate not yet there, ok for full detector prototyping

Roberto Dinapoli, INFN-TO course, November 2013 23
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o[ = GOTTHARD (Aldo Mozzanica)

Gotthard 0.1 Gotthard 0.2

Gotthard 0.3

Roberto Dinapoli, INFN-TO course, November 2013 24
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aj» GOTTHARD 1.0

« 6.3x1.4mm? - 128 channels - 50pum pitch

« 3 automatic gain stages + 1 High Gain mode

. fast off pixel buffers, to sustain 32MHz

readout with no cross-talk

« 4 diff. analog outputs, 8 digital (gain) outputs

«~ 1mW/ch. m—
single chip-sensor : ’»

« Produced in a MPW run (130nm IBM),

shared engineering run foreseen

L7

FULLY EQUIPPED
MODULE

Roberto Dinapoli, INFN-TO course, November 2013 25
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«-» GOTTHARD specification summary

ADC

Specifications

module size

i i

sensitive area

10° 10
integ. charge (12keV ph.)

sensor thickness Noise well below Poisson

over the full range (1-10%)

pitch
dynamic range
min Energy
linearity
point spread function
min int. time

noise rms (12keV ph.)

10°
integ. charge (12keV ph.)

dead time
cooling N
readout time =1/ E B o
frame rate S S s s S L M o
XFEL ready e e P
Noise (ENC) gain']: 260e- rms E nonlinearity better than 0.5%

Roberto Dinapoli, INFN-TO course, November 2013
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w1 = JUNGFRAU

» SwissFel will have a much simpler bunch structure:
1 single bunch with a repetition rate of 100Hz, the
detector can be read out in the interbunch time (no on-

chip storage needed)

ASIC technology

mudule pixel count

mudule size

sensor thickness

pixel size

dynamic range

Sensor 8x4cm?

ADCs 40ch

appearance of a
single module

GOTTHARD
like readout
board

2x Gbit link

* ASIC and readout system based on GOTTHARD

*Dimensions, sensor and mechanics from EIGER

noise r.m.s.

min Energy

linearity

point spread function

dead time

cooling

readout time =

rate

1/ frame

EIGER 4M detector
mechanics — 4x2 modules

Roberto Dinapoli, INFN-TO course, November 2013
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(5 Jungfrau0.1

sample channel output with

i
1500“ —nn I .
: a constant input current
14000 - b e g
12000 - oo prome e e
Eﬁ_ 1ﬂuDu :_ .........................
an.m :_ ......................................
© :
B L B ST Tt e
- 4000 :_ ...........................
s 2000 :_ ...................................
i | Y SO JERRURORS RO SR Y NSO SO JRY
- ] 500 1000 1500 2000 2500 3000 3500 Iﬂ(ﬁ
= [+
- 1 L L 1 1 1 1 L 12 el phogons
5 0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Mythen writing (3um
Gold on silicon)
imaged with the

JungfrauOl prototype

CHX
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(== Jungfrau0.1

enc noise 2d
45 pol | dist of enc | Gindl  72.11/88
Prob 0.5801
4 240 - Constant 842.3+ 25.2
140f- + MPY 126.8+ 0.3
3 | : Sigma 5.54+ (.13
—220 5
120_—
308 :
200 '"II_—
:Bﬂ_—
60~
160 :
401
140 -
RETE [EPEETeTE b | s Ly i S
120 %50 100 150 200 250 300 350 400

enc

0 5 10 15 20 25 30 35 40 45

Preliminary results with JUNGFRAUO2:
Better but not yet solved.

Roberto Dinapoli, INFN-TO course, November 2013 29
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AGIPD
GOTTHARD
JUNGFRAU

: l

Experience in charge integration

Many design blocks ready

oStill in a very early stage ”

*Much smaller pixels (25- MONCH

35um) charge integration

eMain challenges: 2D detector
*Very small pixel area for synchrotron
eLong integration time Radiation (&FEL?)
(leakage currents)

Roberto Dinapoli, INFN-TO course, November 2013 30
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] Jum MONCH motivation

.........................................

J U NGFNAD 7181 m

»

85 HELVETIA

|||||||||||||||||||||||||||||
|

LOOKS WRONG...®
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] Jum MONCH motivation

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

85 HELVETIA

1111111111

MUCH BETTER NOW ©
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== Why charge integration at fine pixel pitch?

Pros:
e Both XFELS and synchrotrons
e Higher photon flux
e Can still work with high charge sharing
+ Charge sharing can improve resolution (“low flux” only)
-> very small pixels are feasible!
e Energy information (“low flux” only)
e Lower energies (~keV) accessible

Cons:

eIn “low flux”: 1 photon/image per cluster of 4-9 pixels
e L eakage current challenge

e Bump-bonding swamp

e Calibration nightmare

e Data throughput/storage/analysis hell

Roberto Dinapoli, INFN-TO course, November 2013
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=== MONCH prototypes

e UMC 110nm AE (Al only)

MONCH 01

e “Guest” of Jungfrau01 MPW

eSeven single pixel channels

*No layout optimization

eNo dynamic gain switching

eWirebonded to a strip
detector for calibration

50

Roberto Dinapoli, INFN-TO course, November 2013 34
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=

MONCH prototypes

__MONCH 02

SENSOR

<

5mm

eComplete hybrid pixel detector
e Active area:4x4 mm?

¢160x160 pixels

¢25x25 um? pixel

*Big layout optimization effort
eHigh testability

\ SENSOR

READOUT WIRE-BOND PADS FOR
CONTROL DATA OUTPUT, POWER,
CIRCUITRY AMND CONTROL SIGNALS

Roberto Dinapoli, INFN-TO course, November 2013
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(= Basic working principle

Preamp - CDS £ . .
e o PIXEL "\ ; Column bus

o ) | : :
N | Off-pixel
buffer
| JC L -
T i - ﬂ \
Detector 0 ChS X
. Pleamp Stage Storage

\\\jiﬂ A 4////
Column
receiver
Calibrate

oFive different sub-blocks | L i,
(S1-S2-S3aS3b-S4) Single ended
*Every block= 40 cols to differential
«S3a=S3b=20cols output driver  \/]
(1x/40cols)
Pads

Roberto Dinapoli, INFN-TO course, November 2013 36
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ps Variations

ﬁ <<<<< .\_7 PIXEL \ Column busg

Off-pixel
buffer

Detector
—— Preamp

Qst >

Column
receiver

Calibrate l
: : ! \ «Selectable CDS Gain,
*Five different «CDS can be bypassed

Single ended

to differential

preamp Versions | | «two storage caps
output driver N/

Preamp out andcolumn bus "
x/40cols)
can beprecharged Pads

Roberto Dinapoli, INFN-TO course, November 2013 37
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Variations

Qst >

PIXEL

~

Off-pixel
buffer

><

MV

| Storage

Caps

%

Calibrate
/ AAAAA \
..... Low
Cos Gain
Cs (static)

G

Column selection

Static gain
selection:
S1, S2,S3b

4

: Column bus:

Column
receiver

Single ended

to differential
output driver N/
(1x/40cols)

Pads

Roberto Dinapoli, INFN-TO course, November 2013
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Variations

~

et PIXEL : Column bus:
% % Off-pixel
buffer
| 0
CDS o
Stage L e
| . Caps
P/ vy = |
“ V Column
Calibrate v receiver
/ \ Column selection
V /L MUX (40x/block) X
sz V --------------------------
d
C. L Dynar_nlc gaIN {1 ended
V l ------ Pen selection: differential
thi Q utput driver N/
*D— " R S3a, S4 x/40cols)
\ reset / Pads

Roberto Dinapoli, INFN-TO course, November 2013
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BS Main test results

Main test results:
PRELIMINARY!
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= Dynamic Gain Switching functionality

ADC#

14000

12000

DGS Channel S1 (no DGS)

activates /

10000 fmm - o< - oo oobnmemmeeennb L A b ; -------------------------------------------------------------
8000 . -------------------------------- -------------------------------------------------------------
6000 frmm - eacebneanecnenn it L é -------------------------------------------------------------
4000 E. -J'_

. .
0

Test pulse

Channel S3 (with DGS)

——a PP EPEPEPEPE B PP BPEPEPEE B
i 40 g 50 60 70 80 __nanog&fbotlis
200 400 600 800 1000
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(= Fine pitch bump-bonding

RO ]

VU F \!_‘E\’.

PILATUS

Roberto Dinapoli, INFN-TO course, November 2013



Spep Fine pitch bump-bonding

i
(T &

PILATUS
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(] Jw Bad pixels map

5000

160
eYield: ~97%

e Very first prototypes
e Single chip processing
13500| e Low tolerance with
—3000, UBM masks

e Alignment precision

140F 4500

4000

100F

2500

2000
1500 (" Big improvement
possible **
(... and new bump-
\bonder coming soonﬁ

~

1000
500

s el s R o P o SR T SRS

- 5 . 2 < l

% 20 40 60 80 100 120 140 160
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First images

Image taken with
a 2°Sr radioactive
source.

=>All blocks are
functional.

Roberto Dinapoli, INFN-TO course, November 2013
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Ll__

Imaging tests (S1 only)

METAL RING

160

W SLITS

20 40

3, 25 um thick W
>‘ .
3500 2s00foil and groups
—— of 2um wide
3000 slits at 12 keV
— —2000 /\/
2500 —_—
| Fishegg(??) = R
| — 40pm
1500 __
- 1000
Metal ring T ; 30um
500
= 25um
Frame rate: = 25
400H e ) ‘ 15um
: 00 100 200 300 400 500 600 700 Y[Uum] 10pm

Roberto Dinapoli, INFN-TO course, November 2013
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BS Finding hits

Charge spread over multiple pixels
due to diffusion (charge sharing)

Charge distribution: 2d gauss
If the total signal of a cluster is above

noise floor = hit detected

25 um

25 um

48
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BS Impact of cluster size

Cluster size

— 1x1

700
— 2X2

600

500 - 3x3

400

300

200

100

P P p— gﬁ,l
2500

ADCu

C>CE”''I""I""I'"'I""I""I""I""I""IIIII
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(] Calibration

%) =
g 1400— Cluster 2x2
O u 8keV G1
1200|—
O - — {GkeV G1
1000 = — 8keV G4
- ——— 16keV G4
sool— |
: 1 ]
600 : I ,
400~
200 :—
% 00, 7000 1500 ~ 2000 ~ 2500

ADCu
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B Main test results

1200

- CDS gain: G=1
1000[ Noise: “80 e" .
800:_ CDS gain: G=4
600:_ Noise: 60 e" .
00r eBlock: S1
500k ePreamp gain:
I static HIGH

| | I — | ] I | I | I | I |
% 40 60 80 100 120 140
Noise (e-)
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== Interpolation in 2d

Linear position reconstruction ., — —“*°
a+b+oe+d
E o a4+
Yaud! = a+h+e+d
Etaalgorithm =~ _ 2,27 counts(n)
Fanh —

tot.counts

Position distribution of flat field data

@

(=1

=]
\Illl\I|III|III|III|I\I‘\I\|\\\‘

ph hit on tOp ‘pixe 51 | / | | ;i"l'iu.fl’ :
ph. in between

ph. hit on bottom pixels

25 um

25 um

25um

Circle area approach

25 um
<>

Roberto Dinapoli, INFN-TO course, November 2013
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« = Linear Interpolation in 2d

It works
It gives a high contrast down to 12 um

With interpolation (1 um? bin size):

0 1000 2000 3000 ¥ [um]

/s

wec LTI

b

s &
m

200

400

¥ fum]
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[~ Results: Gold Grating

Period: 24.266 um (23.571 um 3
measured) :
Gold: 50 um thick (Absorption at !
15keV ~1 OO %) 700 800 900 1000 1100 1200 1300 1400 15x0?um] 0
| g 50002— i\ !“‘l ‘F‘ i i il ’4\
Contrast difference: 78 % el I N I AN L I A

=
—
<T
—
<]
e
—
[
=
| I—
[
[ ——
—
[

N N
o (8]
o o
o o
I|IIII TTTT]TTIL LT ILLLT]
I ——
[————
T -
I —
—— —
R ———
——
—
I ——
I ———— .

L 1 P
700 720
X [um]

560 580 600 620 640 660 680
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BS Results: Kidney Stone

1D strip sensor

pitch 50-10 um i

l strip

sensor
2um slit to define vertical opening

Sample scanned in front of the strips

X-ray beam

0.5 um bins

Roberto Dinapoli, INFN-TO course, November 2013
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(15 Conclusions

e At PSI we are developing several new detectors based
on charge integration and analog readout: GOTTHARD
(1D); AGIPD,JUNGFRAU,MONCH (2D) IE
e MONCH is intended to investigate the limits of hybrid
pixel detectors for X-ray detection. |
¢ MONCHO2 is a full chip containing an array of 160x160
pixels with pitch of 25um. It contains several sub-
blocks featuring different pixel archit. ¢pe
* Preliminary results are encouraging: aia(aja(o
eWe can bump-bond at 25 um pitch
eAll blocks are functional
eWe can resolve small features

*Noiseis V60 e

A LOT still to be done: we are just at the beginning...

Roberto Dinapoli, INFN-TO course, November 2013 56
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SWISS LIGHT SOURCE
PAUL SCHERRER INSTITUT

B s SL@ NUM/LTP ETHZ

25 um pitch 0.5 um bins

7 f,,:.’t ‘d":h_i_ 100 q . . I
?‘E : RN
: H:* 3 60 ol

£ =40

et |
80
Ef:"
60F 150|
- Mythen writing (3um

Gold on silicon)
imaged with the
JungfrauOl prototype

200 +

20 40 60

250

CHX
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=]

BACKUP SLIDES
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= 5 GS/s Waveform Digitizing Chip DRS4 (S.Ritt, R.Dinapoli)

=

£

/
/’
4
#
0
=
=
-
-
s
un

.;?5’ V4
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== Domino Sampling Chip Principle 'N

0.2-2 ns
— Inverter "Domino” ring chain

IN
ER N P N N
= Waveform
_ _ _ _ _ _ _ - __ stored
Out
| FADC
Clock O— Shift Register 33 MHz

“Time stretcher” GHz - MHzI
Keep Domino wave running in a circular fashion and
stop by trigger -~ Domino Ring Sampler (DRS)

Roberto Dinapoli, INFN-TO course, November 2013 61
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BS 5 GS/s Waveform Digitizing Chip DRS4

FUNCTIONAL BLOCK DIAGRAM e UMC 0.25 I-lm I‘ad. hard

AGND AVDD DSPEED PLLOUT PLLLCK REFCLK DTAP A0 A1 A2 A3
e 9 chn. each 1024 bins,

o~ o~ o~ —~ N
- fox f
I PLL LVDS

ﬁ DOMINO WAVE CIRCUIT ‘ Cascadable up to 8192
v T T T T T T T T T T LTI I LT
& i CHANNEL 0 — R ouTo :
% E3\\\H\HH\HH\HHH\HH\HH\HH\Hngx\’u’\\\l\gt\i\\\HH\H\H\HH\HHHHHHHHH\HH‘ l OUTl . gazmpllngGgpeed
T 2 e 2 G5/
g ‘ 2 ;
E (ED3H\H\H\HHHHHHHHHHHHH\\\H\\ﬁmﬁm,\\\‘ﬁh\?\\\\\\\\\\\H\HH\HHHHHH\HHHHH‘ X ouTs . Bandwldth 950 MHZ
% %3H\H\HH\HH\HHH\HH\HH\HH\HHﬁmﬁmwﬁlﬁﬁ\\\HH\H\HHHHHHHHHHHHH\HH ouTa
= §3 CHANNEL 5 ‘ X oUTs
g g3\\\\\\\\\\\\\\\\\H\H\H\\\H\\\H\\\HHé:x“&gt\g\\\\H\HHHHHHHHH\HHH\HHHH"‘ OUTG . 17.5 mW/Chn @ 2.5V
3H\HHH\HH\HH\HHH\HH\HH\\\\H\(\:\l\—\'ﬁ'\\f\'\\l\lﬁl\_\m\H\HH\HHHH\HHHHH\HHHHHH: -:: 831;/ . On-Chip PLL Stabilization
1H\HHH\HH\HH\HHH\HH\HH\\\\Hﬁmﬁm,\\\lﬁlﬁ\?\\H\HH\HHHH\H\HHHHHHH\HH\’:L ‘e MUXOUT

STOP SHIFT REGISTER “%ae | e Readout speed using

RSRLOAD ..£ READ SHIFT REGISTER @ SROUT ext. ADC: 30 ns * n
>

CONFIG REGISTER |

samples

e SNR: 69 dB calibrated

e Aperture jitter:
4 ps at 5 GS/s calibrated

DVDD DGND
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~= Evaluation Board

4 EE;M:*_ILN sg 1r*‘rl'-"«"l i“““ 1 Equivalent to 4-chn. 5
o Kt | | GS/s digital
oscilloscope
e Board or packaged
chip can be obtained
from PSI

A3 E 4a
i X

=
=
=
-
=
=
= =
=
=

by

TH | "“l.
L3 b

DRS4

Experiments using DRS chip

MEG 3000 channels DRS2 I MACE (India) 1200 channels DRS4 (planned) I
MAGIC-II 400 channels DRS2 I BPM for XFEL@PSI 800 channels DRS4 I

) Several CAEN products (e.g.:V1742 VME Switched Capaaitr
Digitizer) are based on DRS4
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(] Next step: DRSS

0.1-2 ns
s

LN L
VY Jj

Sellqeoc\:/;/ion K7 K7 K7 v K7 K7

SR

A 4

Shorter "Domino” ring chain

Short term storage

Fast buffers

Long term storage

Roberto Dinapoli, INFN-TO course, November 2013

64



PAUL SCHERRER INSTITUT

(] Next step: DRSS

0.1-2 ns
-

L""""‘T‘T"W Shorter “Domino” ring chain
CLEEIEEEEEE

—‘ —‘ —‘ —‘ —‘ —‘ —‘ —‘ L‘ Short term storage
Row J] J7 J7 J7J7 Fast buffers

Selection
SR

Long term storage

o

Output buffer ~ Output pad

! Column Readout speed using

Selection

SR ext. ADC: 25 ns * nsamples
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