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The basic idea of a RNDR device

X In each measurement are errors, no measurement is exact!

X Measuring the number of yellow balls six times, you get six different

results!
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Answer C:

First ... second ...

95+13,0+ 11,0 +15,0+12,5+ 10,0
6

= 11,83

Real number of yellow balls =12
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The basic idea of a RNDR device

X By measuring the charge multiple (n) times

the noise (c) can be reduced by 1/.n .

Halbleiterlabor ~ x  Because the collected charge is stored during readout in the DEPFET-RNDR,
der Max-Planck-

Institute the very same charge can be measured multiple times.

far Physik und . .
extraterrestrische % => name: repetitive non destructive readout -> RNDR

Physik

Oend
gq
I

= |~

I
5

v

Stefan Wolfel

B vccting, number of measurements (n)
April 2007



Realisation of a RNDR Detector

completely structured frontside
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Realisation of a RNDR Detector
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Charge measurement
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The Clearcontact
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The RNDR concept
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The RNDR concept
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RNDR concept
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Circular variants

Two circular
DEPFETSs with one
transfergate
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The RNDR principle
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The RNDR concept
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First Summary
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Bhysik X With the DEPFET detector, the collected charge can be measured
X Collected charge is stored during readout

‘ charge can be measured arbitrarily often

All other good detector properties remain untouched:
- high quantum efficiency
- low leakage current
- fast signal charge collection
- homogenous entrance window
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Charge loss with non-HE devices

charge loss in e-




Charge loss between first and second transfer (depfet1)
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The first devices: Charge loss in non-HE Ping-Pong
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No

charge loss with HE-RNDRs

weak charge injection by laser -> no visible chargeloss

ca. 220 electrons
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ca. 55 electrons
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Noise measurements with HE-devices

noise in e- ENC
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Answer D) Noise peak of a RNDR-Device
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X For higher loop numbers the noise peak becomes more and more

asymmetric.

X Asymmetry to higher energies (electrons) due to arriving electrons during

readouts.
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What is the achievable resolution?

Counts

counts
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How to distinguish 100 electrons from 101?
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What does a certain resolution mean in terms of
contrast?

% mask, no noise

0.10
0.20
0.30
0.40
0.50

Halbleiterlabor
der Max-Planck-
Institute

HL L

% 0.60

fir Physik und o 0.70
extraterrestrische 0.80
Physik 0.90

1.00

5 10 15 20 25 30
Pixel

.....

Stefan Wolfel
Ringberg Meeting,
April 2007



depends ...

o R O R O o O i O O
ARG RR QNG QRN QR

e N 'b."'-":"- -..'\.“.-1&".&-' '-._""1:.":"..-._"-:'}' o,



AlHz
AR .
o S 1/f noise
Halbleiterlabor 8 \\\
der Max-Planck- e : :
Cnstiute 2> Ve, white noise
fiir Physik und  “ (7 Yy 10Bx
extraterrestrische ¢ N /
Physik -V SESE
Q V'V’ N
o
c >
frequency (log)
6 6 -
Q . S *
i w44
) )
g’ g’
O 24 O 2
2 @2
2 2
0 10 20 30 40 50 0 20 40 60 80 100
Stefan Wolfel shaping time number of readout

Ringberg Meeting,
April 2007



The shortest time to achieve a certain noise
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Answer B and D) Impact on the overall readout time
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Continuous running readout

value in electrons

At readout number 500 one
electron enters the detector
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Timing resolution of a RNDR device
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Next devices under production

X RNDR-Matrizes

X CCDs with DEPFET-RNDRSs as readout nodes
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