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Outline

Percival:

• why do we do it

• how do we do it

• when will it be available

• what's special about it

• the full system

• the prototypes

• lateral overflow

Percival performance

• dynamic range

• noise

• speed

• response to  low energy photons

• CCE

• Conclusions
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The full PERCIVAL system
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P2M
• 2Mpixels 
• ~4×4cm2 sensible area 
• no gaps or blind areas
• 2-side buttable
• 27um pixel pitch
• manuf. ~spring 2016, 
available ~2017

P13M
• 13Mpixels
• ~10×10cm2

• no gaps
• 2-side butt.
• 27um
• later



The PERCIVAL prototype

Cryotiger

slow control
PC (labview)

FPGA
acquisition PC 
(24Gb RAM)

vacuum vessel w. 
removable flanges
(~10-6 mbar)

TestSensor 1.0/.1/.2
• 33k pixels 
• 6+4 pixel flavours
• ~0.4×0.5 cm2 sensible area 
• 25um pixel pitch
• FSI & BSI
• FEL & Synchrotron mode



photodiodes

embedded 
circuitry

handling wafer

backthinned (~12um) 
& δ-doped epi Si

board

e-

Monolithic: Collecting diodes & readout circuitry share the same substrate
Coupled to handling wafer, back-thinned, back-illuminated: 100% fill factor
Back surface delta-doped, post-processed: virtually no entrance window

Monolithic Active Pixel Sensor



The PERCIVAL core
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Lateral Overflow

automatic 
selection of 
appropriate 
overflow Gn
level (only 
relevant data 
streamed out)

integration readout

and so on
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Lateral Overflow, dynamic range: test results

dyn. range: 3.5Me ~ 50k photons @ 250eV



noise: test results

compatible with most FEL frame rates

~15e noise
(low flux condition)



noise: test results



Low-Energy photons : test results

1-2keV tests at P04 (Petra III)

400eV tests at I10 (DLS)

syncrotron beam

pinhole
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Charge Collection Efficiency: test results
promising

measurement at 
I10 beamline (DLS)
Cipo beamline (Elettra)

preliminary

German National 
Metrology Institute 



Summary

P.E.R.C.I.V.A.L.

(Pixellated Energy-Resolving Cmos
Imager Versatile And Large)

tests on prototypes

� Lateral Overflow

� low noise (~15e)

� high dynamic range (3.5Me – 50k ph.)

� up to 120 frame/s

� compatible most FEL

� tested 125eV-2KeV

� measured CCE (125-400eV)

P2M

� 2M pixels 

� ~4×4cm2 sensible area 

� no gaps or blind 

� 2-side buttable

� 27um pixel pitch

� manuf. ~spring 2016, 
available ~2017

P13M

� 13M pixels

�~10×10cm2 sensible area



Summary

P.E.R.C.I.V.A.L.

(Pixellated Energy-Resolving Cmos
Imager Versatile And Large)

tests on prototypes

� Dynamically Adaptive Gain (overflow)

� low noise (~15e)

� high dynamic range (3.5Me - 50k ph.)

� up to 120 frame/s

� compatible most FEL

� tested 125eV-2KeV

� measured CCE (125-400eV)

P2M

� 1408×1484 pixels 

� ~4×4cm2 sensible area 

� no gaps or blind 

� 2-side buttable

� 27um pixel pitch

� manuf. ~spring 2016, 
available ~2017

P13M

� 3.5k × 3.7k

�~10×10cm2 sensible area

1-photon 
resolution!

250 eV –
1 keV !

high QE!

many pixels! 
small pixels!

2-side buttable!
(even more pixels)

high dyn
range!

low 
noise!

many 
frame/s!

no blind 
areas!

pro
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backup



Motivation

Challenge below 1keV: 
sub-um absorption lengths



Dynamic range



The PERCIVAL prototype

back flange
SD board, mezzanine

fr
on

t 
fl

an
ge

w
it

h
b
ea

m
op

en
in

g

to vacuum pump

Sensor,
cooling block

periph board
CMOS <-> LVDS, biases
~ Troom (Cu plane, braids) 

to low-T cooling
system (cryotiger)
exp 0~-40°C



Temperature effects



response to low-Energy photons



noise analysis

full chain pixel + 
readout circ.

readout
circ.



keV-Energy photons: test results

ADU 

beam: 900 to 2100 eV
5 1011 to 1 1013 ph/s    
(13um Al filter)

measurements at P04 
beamline (Petra III)



TS3 tests

• PLL: Operating up to 400MHz

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

Iain Sedgwick, FEE2014


