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X-ray Imaging System
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X-ray Photon Counting

O O O

® ® ® °
Expos. 1| [Expos.d|[Expos.3 [Expos.4

-Detect an X-ray photon as one-by-one event.

- Measure position, energy and time of each
X-ray event.
- Make exposures of ~10%4 times.

Map of the number of X-ray events_~

Hlstogram of energy (electron number) of X-ray events
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“XRPIX” = SO pixel sensor for X-ray Astronomlg

X- ray Particle

CMOS - .~ Field of View

I & / " _N CMOS Circuit
(IOW p SI) E_g— - __PMOEI__NR.!OS;_ _I_— ! _///

BOX(Buried Oxide)

BPW(Buried p-Well)

Insulator n+ N ( 7 p*

(SiO2)
Si Sensor ++_ %
(High Resistivity ,
Sensor Substrate) L 1 < P
(high p Si) | : L
IX-rays
Each pixel has its own trigger logic Anti-coincidence Shield
and analogue readout CMOS circuit. by Scintillators
Rate ~|0kHz

* realize very low non-Xray BGD by anti-coincidence with
surrounding scintillators

* event rate from the scintillators is about ~10kHz
* XRPIX is required to have time resolution much faster than ~10kHz.




Target Specification of the Device

Imaging

area ~ | 5x45mm?
pixel ~ 30-60pmeo (1”7 @ F=10m)

Energy Band

Req. 1-40 keV, Goal 0.5-40 keV

Backside lllumination Req.<l|pm, Goal 0.1 um
Full Depletion Req. >250um

Spectroscopy

Time Resolution

AE: Req.< 300eV, Goal < 140eV @ 6keV
ENC: Req.<l|0e-, Goal < 3e- < Most Difficult

< |0usec for the anti-coincidence with the rate of ~10kHz

Max Count Rate

> 2kHz / detector
for observation of bright X-ray sources

Non X-ray BGD

(anti-coincidence)

new features with X-ray SOIPIX

1/100 of CCD at 20 keV B ¢
(5e-5 c/s/keV/10x10mm?2)

0.1 !
0.01 CCD

SOIPIX
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XRPIX |: Pixel Circuit ’
Trigger

vVDDI8 ® ¢ *

Analog - rrrrrrrrrrr e - Analog
Readout output
L e :
' VDDI8 -
SFI ! coLAMP T out BUF
! - _ lb’ :
' Sensor . .
: Sensor C | . ' :
I | Sample C CDSC : : :
: | 00fF | OOfF ' 1 '
. 1 . ' 0—| <« 0—| <« :
B Sample = e[ | | :
: l /Store : o TEST ECA  EOXX :
. GNDI8 PD_VRST CDS VRST' VTH! :
1 e & & 1

Ryu+2011 IEEE/TNS 58,2528



XRPIX1b-CZ : Event Driven Readout 8
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Takeda et al., IEEE
Accepted (2012)
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Bulk CMOS Hybrid

X-ray Surveyor / Lynx

UltraFlex
Solar Arrays

Sunshade Door

Science
Instrument
Module

Pre-collimator
Post-collimator  (in front of optics assembly)

Magnetic
Broom
(internal)

Gratings "
(internal) (internal)

Digital CCD with
CMOS output

X-ray Microcalorimeter Imaging Spectrometer (XMIS)
High Definition X-ray Imager (HDXI)
CAT X-ray Grating Spectrometer (XGS) Readout

Figure 1. Artist’s conception of the X-ray Surveyor baseline mission concept.
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Results from
the developments
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History of XRPIX Series

40 n = - > 10mm

XRPIX3

First Model
Trigger Output < > <
(Event-driven readout) 6.0 mm 6.0 mm Amplifier

Middle Size

Charge Sensitive

2014 2015

XRPIX5

608 x 384 pixels
36 um sq. pixel
6.0 mm

New Readout Circuit 24.6 mm

XRPIX6h
XRPIX6e A AT e R :
XRPIX6D 4.45 mm

Pixel Structure

ww ¢°ST




12

Imaging in Event-Driven Mode
A

SIZE:W35xH85mm
BRI Lo W3R Z2EP LY I LEEAEOR T4 74T, 860 M

https://www.u-coop.net/kyodai/goods/indicate.php?mode=detail&id=27&category=6
| 4mm
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Data Set # 728
header = 43605 , evnum = 729 , time = 7.388(s], int
_time = 16.36([us)
hit_info_row : 3, hit_addr_row_high : 420
hit_info_col : @, hit_addr_col_high : 265
median = 404
center_pixel PH = 252
Data Set # 729
header = 43605 , evhum = 730 , time = 7.39582(s), 1
nt_time = 7.92([us)
hit_info_row : @, hit_addr_row_high : 47
hit_info_col : @, hit_addr_col_high : 39
median = 394.5
center_pixel _PH = 232.5
Data Set # 730
header = 43605 , evnum = 731 , time = 7.42055(s], 4
nt_time = 12.04[us)
hit_info_row : @, hit_addr_row_high : 252
hit_info_col : @, hit_addr_col_high : 109
median = 407
center_pixel _PH = 241
Data Set # 731
header = 43605 , evhum = 732 , time = 7.43094(s), 1
nt_time = 16.36[us)
hit_info_row : @, hit_addr_row_high : 596
hit_info_col : @, hit_addr_col_high : 331
median = 400
center_pixel _PH = 232
Data Set # 732

2 header = 43605 , evhum = 733 , time = 7.4611(s], in

| t_time = 14.44[us)
| | | | | | | | | | | | ~ -

Cd-109,Vbb=10V, Room Temp.  (movie inl0 times speed)

Capability of event rate > 500Hz is Confirmed




Improvement of Spectral Performance in Frame Mode

Increase the node-gain by applying
smaller BPW (parasitic Capacitance).

2009
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Cu-K (8keV)
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Pulse Height [ADU]

ENC ~600e (rms)

Early 2013
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smaller BPW
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120 140 O
Pulse Height [ADU]

ENC ~130e (rms)

Energy [keV]
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Improvement of Spectral Performance in Frame Mode

Introduction of

Introduction of in-pixel Introduction of
charge-sensitive amplifier Double SOI wafer P'”Qed Depleted epode
S - Pixel -
2y 23 2y GND
Late 2013 - | -k I i o ]
!,—|§CSA Si02 '{ EP\Fﬁ }E — .+ hi
’ SINE n(8NW2) p(BPW2)
é ﬂ“j‘—}% BPW l n(Bst) ~p- : ‘
- ! | ! |
TTTTTTTTTTTT018 8 2017 Mar. T 2017 Nov.,  «—sokev
1400:* Mn'KQ *: 500:_ _: 300¢
1200 . - Mn-Ka ] Mn-Ka
(5.9keV) 200 B 250}
1000f EWHM : : (5.9keV) 1 el FWHM | (5.9 keV)
1wt FWHM 200eV 1 5 200eV ||
i ] C > € ’ O 150¢
600; g 200 Mn-K3 Mn'KB
400~ Mn-K - : ] 100; |
Ka&KBD e Tail 116 5ke\) No Tail || (6.5 keV)
200/ gkt 6.5keV) 't : 50/ \J U\
% A R T O ——5——"3"""% ) 10

Energy [keV]

" Energy [keV]
ENC ~35e (rms) ENC ~16e (rms) ENC ~10e (rms)

Kamehama, Kawahito+17



Comparison of Frame and Event-Driven Modes'5

Frame readout mode Event-Driven readout mode
ﬂ B T 1 | T | 1 |\v """""" | ] ﬂ .00_— ¢ o
S 180l 241Am 13.95 keV - g - 13.95 keV _—30 °C
= - ~ XRPIX3b-CZ w/CSA O SA XRPIX3b-CZ w/CSA
o - CSA-PIX A S Sé-
Y 160 o -
- readout noise : .
140:— 35 e (rms) —: 1000\—
120~ 17.74 keV ] i 11.44 keV 17.74 k(?V
» . - CSA Pixel
'CSA Pixel ] 8001 ‘ FWHM : 9.6 % (1.34 keV)
100FEWHM : 2.9 % (400 eV) v — i 9.71 ke €
B > |€ ] N
80 11.44 keV — 600~
: 9.71 keV . i
60— —
- \ l . 400[~ 20.77 keV
40 20.77 keV - \l'
- ] 200}
T wﬂ LN : |
0:III I N A A N N L0 |y | II..-AMI.I-—'“ll.rm-III: O_II IIIIIIIIIIIIIIIIIII
100 200 300 400 500 1000 1100 1200 1300 1400
Pulse Height (ADU) Pulse Height (ADU)

e Operation of in-pixel digital circuit influences the analog signal in the
event-driven readout mode.

e crosstalk between digital circuit and BPWV (electrically connecting to the
sense-node) = “Double SOI”

Takeda+2015 JINST, Takeda+2013 IEEE/NSS, Takeda Ph.D Thesis, 20140814 _takeda_vO0.pdf



Double SOl B&EDE A

'Single SOI| 'Double SOI|
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Counts

Frame readout mode

Event-Drive Mode with DSOI “

Event-Driven readout mode

h_onepix_event

2017 Mar. ' Fe55 1 %5017 Oct Co-57
5002— Mn-Ka —; 3000;— Fe-Ka
400 (5.9keV) ] 25001 (6.4keV)
: : 2000 FWHM 300eV
F FWHM 200eV E : =% ke
B > (< ] 1500
200:— Mn-KB—: 10003_ . Fe-KpB
100{— 6.5keV)_: 500 \ V(\Z.‘I keV)
055" — O~ ""50" 100 150 200 250 300 350 400

20170302_takeda_v1.key

Pulse Height

20171027 _spctrum_ed_best_v2

Event-Driven & Frame TIEIZRE U RN TSN ODDH S

Hayashi, lakeda+2017
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