Calibration of a pnCCD Detector at European XFEL European

XFEL

Kiana Setoddgkedthiaith Soft X-rays up to 3 keV

Property Value
Photon Energy Range 0.3 - 25 keV _..wrea.=7'7 cm®
Pixel Size 75 um x 75 pm '
Sensor Size 1024 x 1024 pixels
Dynamic Range < 3000 photons at 1 keV
Beam Hole Size 2 mm
Speed Up to 150 Hz
Quantum Efficiency >80% for 0.7 < E, < 12 keV
Thickness 450 pm
Noise 3e" at High gain

Developed by PNSensor GmbH (Munich)
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Calibration of a pnCCD Detector at European XFEL

Kiana Setoodehnia — April 81, 2021

Flat-Field lllumination and Calibration of pnCCD at —30 °C — August 2020
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» Using Al fluorescence with an aluminum target

* Using FEL beam at 1.6 keV

* 4 gains are calibrated for bias voltage of —400 V.
« 1 gain is calibrated for bias voltage of —470 V.

Parameter Value
Sensor Temperature -30°C: very stable
Frame Rate 10 Hz
Bias Voltage -400 V
Gain 1/1, 1/4 , 1/16, 1/64
(one at the time)
Bias Voltage -470 V
Gain 1/64
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Relative Gain Calibration

e One can obtain per column
(readout axis) spectrum of
single events and fit
Gaussian functions to the
peaks per column.
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Spectra of Single Events for the Lower Left Quadrant
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Outlook

Some stray light remained — improvements to eliminate stray
light is ongoing

 Detector was installed and commissioned Diffraction of 1.5 keV X-rays
. from Helium droplets
IN summer — 2020 Also see M. Kuster et al., o i R
J. Synchrotron Rad. 28 (2021) 576. 00

e [twas used in a following user run (09/2020)

« EXxperiment was very successful

 More calibration data will be obtained in 2021

e Spectroscopic capabilities are being
Investigated now using Xe data at 3 photon
energies (1.2, 1.5, and 1.9 keV)

Pixel Number

800

* More experiments are planned for 2"d half of
2021
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Backup Slides
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PNCCD Readout and Operation Modes

 Has 4 quadrants

e Charge is transferred per column along lines
« Readouts are on the left and right
* Every 128 columns share readout

electronics: CAMEX

pnCCD has 3 modes of operation (3 bias voltages)
Each mode has 7 gains

European XFEL
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Dark Characterization

» Dark pedestal is the
highest for Normal mode
of operation (highest
power output @ —400 V)

» Pedestal decreases with
decreasing gain

« Atvery low gains,
pedestal remains constant

L J | European XFEL
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i i i Histogram of the Noise Map after Offset and
Dark Pedestal and Noise Characterizations n o e Newe Map ater o
160000 { [mean : 55,22
Gain 1/256, High Dynamic Range Mode of Operation, 140000 - 2Egian; %%Eg
= Runs [130, 141, 151, 159, 166, 172, 180] from Proposal 2714 min : 41.64
g 10130 120000 - max : 2838.29
~ Gain: 1/1 # i 109076.84 Gain: 1/1
@ 2 10128 : : », 100000 7 L . .
i High gain a High gain
O 1oz . 3 B00DO 1
© E ¢ BOJ00 1
O 0 15154 ¢ . .
oo L] ]
S - 40000
@ _
e o 10122 20000 1
]
é 10120 . - - - - - - - - 1] T T Y . T T T
F—"Q EZ:Q F—"Q EZ:Q ,’C}Q pﬁ F—"Q RP F}Q F—"D 0 20 40 &0 _ g0 100 120 140 1ed 180
2% ¥ 7 2 2 o D P e P
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« Dark pedestal is rather stable
* Noise is dominated by the CCD noise in gains 1/1 and 1/4 (high gains): gain = 1/1: 55 ADU, gain = 1/4: 27 ADU
* Noise is dominated by electronics noise in gains <= 1/16 (remains constant around ~8 — 9 ADU)

L J | European XFEL
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Common Mode Characterization

Common Mode Distribution for Quadrant 3
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Common Mode
Characterization

Common Mode Value
(ADU) for Quadrant 0

Commeon Mode Value
(ADU) for Quadrant 1

Distribution changes

from image to image -0

and run to run

Common Mode Value
(ADU) for Quadrant 2

Commeon Mode Value
(ADU) for Quadrant 3
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Gain 1/340, High Dynamic Range Mode of Operation, Frame 245, of Run 102 from Proposal p002720
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12

Dark Pedestal After Offset and Common Mode Corrections
Run 99, Proposal 2720, Gain = 1/1, Binning = 1 ADU/bin
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Bad Pixels Removal Effect

Final Bad Pixels Map
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Dark Pedestal after Offset and Commaon Mode Corrections
Run 99, Proposal 2720, Gain 1/1, Binning = 1 ADU/bin
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lHluminated Frame Characterization

» Bad pixels are masked (in the analysis)
» Offset is corrected for
« Common mode is calculated and corrected for
» Charge sharing (due to small pixel size) is evaluated
* Events are classified into different patterns
e Single events with no charge sharing are identified
* Single events are used for charge transfer inefficiency and gain

characterization
Pattern Occurrence in LH Pattern Occurrence in RH PleI SIZE = 3D um

Singles Singles

S: Singles, D: Doubles,
Maximum Charge T: Triples, Q: Quadruples
Medium Charge
Minimum Charge
No Charge

Diagram is for another CCD
with different pixel size!

Quads Quads

Triples

Triples
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Charge Transfer Inefficiency

CTI: Fractional loss of charge during charge transfer due to existence of traps in the pixel structure

» To evaluate CTI, single events are plotted vs. columns, for each row. Plots are then
fitted using a linear function:

Events are only for One Row
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CTI Correction

From the CTI fits, one value of CTI is obtained per each row

CTE map is then computed as follows: CTE Map = (1 - CTI)columns

The created CTE map is then used for correction of the CTI effects by multiplication of data and the CTE
map on a per pixel basis

CTl is rather insignificant and when corrected, it does not really have any noticeable effect on the images
« We ignore this correction for pnCCD

L J | European XFEL
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pnCCD Charge Transfer (In)Efficiency
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Gain Characterization and Gain Correction

Relative gain: the relative difference in the amplification of charge due to different output amplifiers. It is
calculated as:

relative gain= 1 E:f-” , b = intercept of linear fits; N = total # of columns per quadrant
E; b(_l)

Once we obtain the relative gain map, we can correct for it:

« Mask bad pixels and cosmic ray events in the analysis

« Correct for offset

o Calculate common mode and correct for it

» Divide the data by the gain map

« Divide data into 4 quadrants and correct for split events (pattern classification)

« Arrive at final corrected spectrum of singles events

« Fit the above spectrum with Gaussian peaks

 Now we have energy (eV) vs. ADU: Fit these data to obtain absolute gain information

L J | European XFEL
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pnCCD Gain Characterization
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Uncertainty is less than 2%
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Various Data Corrections

1 ADU per bin is used.

Gain 1/1

—— Offset Corrected Signal
—— Common Mode Corrected Signal
—— Gain Corrected Signal
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1 ADU per bin is used.
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Valid Events Spectra
After All Corrections

I B Y European XFEL

Corrected Events for One Sequence (counts)
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Fitting Gaussian Peaks to Spectra

« | only fit the k, peak of Al

e 512 columns per quadrant

e 4 guadrants

« Fits take about ~20 minutes

I B W European XFEL
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Row-wise Relative Gain Calibration

By fitting Gaussian functions to each column

spectrum of single events, one can derive a

relative gain map

Comparison of Old and New Relative Gains
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Relative Gain Calibration Validation

o After gain correction, one can look
at row-wise corrected spectra of
single events, and the peaks must
all be on the same position
corresponding to a photon energy.
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Position of kal Line of Al for pnCCD (Gain = 1.0)
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Singles Spectrum of the Lower Right Quadrant
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Avalilable Calibrations

Bias Voltage | Temperature Absolute Gain c Conversion
V) (°C) (eV/ADU) (eV) Factor
(e’/ADU)
- 400 -30 1/1 0.25659(53) 71.1(2) 0.07
- 400 -30 1/4 1.06109(426) 74.2(5) 0.29
- 400 -30 1/16 3.38260(169) 101.0(4) 1.08
- 400 -30 1/64 15.33222(7731) 257.3(29) 4.26
- 470 -30 1/64 15.19430(3813) 247.1(27) 4.22

* | have set the notebooks such that, if desired, the gain of each individual quadrant can also be
obtained for any of the above settings.

I B W European XFEL
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