Percival: a CMOS Imager
for Photon Science

Alessandro Marras
on behalf of the DESY FS-DS group

and of the Percival collaboration

P “RCIVAL } CFEL %q :PA,,’!J?



The Percival collaboration & support PERCIVAL

The Percivallians:

CFEL

SCIENCE

e

=/

H. Graafsma, C.B. Wunderer,
A. Marras, J. Correa, P.
Goettlicher, S. Lange, |I.
Shevyakov, S. Smoljanin, H.
Hirsemann, Q. Xia, M.
Zimmer, S. Reza

D. Das, N. Guerrini, B. Marsh,
|. Sedgwick, R. Turchetta,

G. Cautero, D. Giuressi, A.
Khromova, R. Menk, L.
Stebel, G. Pinaroli

U. Pedersen, N. Rees, N.
Tartoni, H. Yousef

H. Hyun, K. Kim, S. Rah

Beamline(s) support:

P04 (Petra Ill):

S. Klump, F. Scholz, J. Seltmann,

J. Viefhaus

Twinmic, Cipo (Elettra):
A. Gianoncelli
N. Zema, S. Rinaldi, D. Catone

120 (DLS):
P. Steadman, M. Sussmuth

BL2 (Flash):
S. Toleikis, S. Duesterer

22 @ Hi)

FEL

SCIENCE

|
d



Motivation

100

Attenuation Length of Photons in Si and SiO,

FLASH

100 1000
Photon Energy

data from CXRO database)

1-photon
resolution!

rhigh dyn

_ rangel

high QE!

many pixels!
__ small pixels

frame/s!

nho blind

areas!

-side buttable!
(even more pixels)

Peak brightness (photons / s / mrad?/ mm?/ 0.19%-BW)

PERCIVAL

European

FLASI—/
FERMI@Elettra

/‘

-~ SACLA
PAL-XFEL

PETRA I
ESRF,

APS

10 10° 10"
Photon energy (eV)

1



The full PERCIVAL system
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The PERCIVAL prototype PERCIVAL‘
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Monolithic Active Pixel Sensor PERCIVAL
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Monolithic: Collecting diodes & readout circuitry share the same substrate
TowerJazz 0.18um CMOS techn, over high-resistance thick epi

Coupled to handling wafer, back-thinned, back-illuminated: 100% fill factor

Back surface delta-doped, post-processed: almost no entrance window

PALD ) oy @ (35 “CFEL

overflow
capacitors

1



delta-doping of back-surface PERCIVAL]
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Molecular Beam Epitaxy reach the wafer
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The PERCIVAL core PERCIVAL]
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L ateral Overflow PERCIVAL
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sensor output [ADU]
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noise: test results
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sensor output [ADU]

noise: test results
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single pulse imaging @ FEL: test results PERCIVAL
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1-photon
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Low-Energy photons: test results
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1-photon
resolution!

Lower-Energy photons: test results
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1-photon
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Summary PERCIVAL‘
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Summary PERCIVAL
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The PERCIVAL prototype PERCIVAL

to low-T cooling
system (cryotiger)
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noise analysis PERCIVAL
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1-photon
resolution!

Dynamic range
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response to low-Energy photons PERCIVAL
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‘
keV-Energy photons: test results PERCIVAL

beam: 900 to 2100 eV
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TS3 tests PERCIVAL
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i  PLL: Operating up to 400MHz

 LVDS Stages: Operating at 800Mbits/s
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