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Motivation PERCIVAL
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The full PERCIVAL system

pixel area

S I 2 I
sampling
| ¥
ADC (12+1)
| v Vv b

P2M

» 2Mpixels

s ~4x4cm? sens. area
* no gaps/blind areas
« 2-side buttable

« 27um pixel pitch

» manuf. in progress,

4| postproc. ~early 2017

g out (120

1-photon
resolution!

wany pixels!
small pixels|

-side buttable!
(even more pixx

VACUUM BARRIER

CONTROL
PC

Carrier Card
- Front end Gonnectar

- Power, Eﬂfﬂmﬁy :
; wam Mezzanine iCard
f
FPGA %

. ey
Y - FPGA mnﬂgur?amn
v

S | 4xSFP(H+)10GE

] |

SEAM 500, 400
layout R
stitching interconnections)




;
The PERCIVAL prototype p‘irm.-mJ
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Monolithic Active Pixel Sensor PERCIVAL

backthinned (~12um)
& d-doped epi Si

photodiodes

embedded
circuitry -~

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

: PAL2 O, @ 1) CFEL
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detector classification PERCIVAL
| |

hybrid detector monolithic detector
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Monolithic Active Pixel Sensor PE_RCIVAL‘

backthinned (~12um)
& d-doped epi Si

photodiodes

embedded
circuitry -~ : \ \
e o " nmos -in p-well (avoid
parasfitir: collection)

overflow

I
|
|
l .
| capacﬂors
I

|

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

: PAL2 ), g @ 1) CFEL
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delta-doping of back-surface PE_RCIVAL‘

®
_______ evaporated atoms do
: BEOL _ (Low TemperW not interact until they
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The PERCIVAL core PERCIVAL]
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1-photon
resolution!

dynamic gain switch {low flux detail)
WO0B-03TS1.2PIX, pix (120, 140) {Dv1), T=-40C

-side buttablel
(even more pixels)

many pixels!
small pixels|

dynamic gain switch {full overflow range)
WO0B-03T51.2PIX, pix {120, 140) (01 ), T=-40C
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dynamic gain switch {low flux detail)
WO0B-Q3TS1.2PIX, pix (120, 140) (D1), T=-40C |

1-photon
resolution!

many pixels!
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-side buttablel
(even more pixels)

dynamic gain switch {full overflow range)
WOB-03T51.2PIX, pix {120, 140) (1), T=-40C
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1o noton
resolution!

noise: test results |

A nang?
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(even more pixels)
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noise vs. readout speed
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parameter dispersion

dispersion of pixel noise values (T51.2)
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noise: test results (high flux)

dynamic gain switch {full overflow range)
WO0B-03TS51.2PIX, pix (120, 140) {D1), T=-40C
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single pulse imaging @ FEL: test results PERCIVAL

tests at BL2 (Flash) Suygllrotron beam _______._-_—;_—::::--—@
single-pulse imaging (10Hz) \

Percival
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Low-Energy photons: test results

syncrotron beam
001

1-photon
resolution!

many pixels!
small pixels|

-side buttablel
(even more pixels)

1-2keV tests at P04 (Petra lll)

400eV tests at 110 (DLS)

100-300eV tests at Twinmic,
Cipo (Elettra)
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Lower-Energy photons: test results

1-photon
resolution!

many pixels!
small pixels|

-side buttablel
(even more pixels)

001

Percival

1=+05

91.84eV tests at BL2 (Flash)

o Data
—— Adry fit
E=01.34e%

50 d=13.5um
T
&
= 100 E
E []
150
| T
] 1250 2300 3750 S000
200 position [um]

0 ® -
19 140 120 100 Ecigl 60 40 20 O PAL 7 q% /E’,E‘S{

CFEL

SCIENCE




1-photon
resolution!

German National
Metrology Institute

slits

many pixels!
small pixels|

-side buttablel
(even more pixels)
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1-photon
resolution!

Charge Collection Efficiency: test results

German National

_______

i . . & . many pixels! ~sfde buttable
SIItS Callbr phdIOde MthOlogy |nSt|tUte smqu Eliets: (even motl’"zT;i:Llls)

attenuator

beam
OOl >
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Summary PERCIVALJ

P.E.R.C.LV.A.L.

(Pixellated Energy-Resolving Cmos Imager Versatile And Large)

tests on prototypes P2M
v’ Lateral Overflow v 2M pixels
v’ low noise (~15e) v ~4x4cm? sensible area

v" high dynamic range (3.5Me — 50k ph.)  v" no gaps or blind

v up to 120 frame/s v’ 2-side buttable
v' compatible most FEL v 27um pixel pitch
v tested 92eV-2KeV v’ manuf. started ~spring 2016,

FSI expected ~ fall/winter of 2016
postproc. BSI ~spring of 2017

y PAL2 ) @ (35 “CFEL

v measured CCE (down to 50eV)



Summary PERCIVAL

P.E.R.C.LV.A.L.

(Pixellated Energy-Resolving Cmos Imager Versatile And Large)

1-photon
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1
TS3 tests PERCIVAL
]

 PLL: Operating up to 400MHz

 LVDS Stages: Operating at 800Mbits/s
(limited by DAQ system)

lain Sedgwick, FEE2014 :
. : PAL2 ) @ (F5i) “CEEL



The PERCIVAL prototype pERCIVAL

to low-T cooling
system (cryotiger)
RT~-40C A

front flange with
beam opening
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I
periph board

CMOS <-> LVDS, biases

cooling block

back flange
SD board, mezzanine
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Temperature effects PERCIVAL

dark current noise vs. Temperature
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noise analysis PERCIVAL
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1-photon
resolution!

Dynamic range

dynamic gain switch (full overflow range)
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response to low-Energy photons
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keV-Energy photons: test results PERCIVAL

beam: 900 to 2100 eV
5 10! o 1 1013 ph/s
(13um Al filter)

measurements at P04
beamline (Petra Ill)
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