CdTe pixel and strip detector developments at
SPring-8

Hidenori Toyokawa

Japan Synchrotron Radiation Research
Institue / SPring-8

toyokawa@spring8.or.jp

H. Toyokawa, SRI2012 satellite, X-ray Detectors for Synchrotron Applications , ETH, Zurich, July 5-7, 2012



Outline

* Motivation
e Basic properties of CdTe pixelated sensors

 Design and bonding technique
— CdTe pixel sensors, ASICs, In/Au-stud bonding
e SP8-01 (200 X 200 um?, 16 X 16 pixels)
— Energy linearity
e SP8-02 (200 X 200 um?, 20 X 50 pixels)
— |-V characteristics, long-term stability
e Strip sensors adapted to MYTHEN Single Module

— Interposer assembly technique
— Powder diffraction experiment at BL19B2

e Summary and outlook
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Takaki Hatsui’s talk
Silicon-On-Insulator PHoton Imaging Array Sensor (SOPHIAS) for X-ray Free-Electron Laser
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SPring-8 produces high brilliance X-ray beams in high energy region.
Therefore, we has been developing counting-type pixel detectors with CdTe sensor
based on the hybrid pixel detector technology.

Target applications:
High energy X-ray diffraction from 30 to 120 keV (BL04B2, BL22XU, BL46XU, ...)

High energy resonant X-ray inelastic scattering around 20 keV (BL43LXU, ...)
White X-ray beam diffraction (BL28B2)
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Spmd High energy XRD with levitated spherical specimen
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SPM@? Basic properties of CdTe
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e Cadmium telluride (CdTe) is a promising semiconductor material in high energy
X-ray region because of its high atomic number.

e |deally, electrons, which have a larger mobility and a longer lifetime than holes in
CdTe, have to be collected for high energy resolution. In particular the Schottky
type detector functions as a diode device, which reduces the leakage current.
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SPring. .
Cf?g Pixelated sensor structures

e CdTe sensor is generally fabricated with a metal/CdTe/metal structure. In this
study, three metal configurations were investigated by using high resistivity p-type
CdTe wafers 500um in thickness. A Pt/CdTe/Pt-pixel sensor function as an ohmic

detector. In/CdTe/Pt-pixel and Pt/CdTe/Al-pixel sensors function as Schottky-diode
detectors.
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Spf’ijns 8 SP8-01 and SP8-02 sensors

SP8-02 sensor
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 We have designed and fabricated two sensors with the same pixel size of
200 um X 200 pm. The matrixs are 16 x 16 pixels (SP8-01) and 20 x 50
pixels (SP8-02). The process was performed by ACRORAD Co., Ltd.
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SP"if‘S@-§ SP8-01 and SP8-02 ASICs
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Full-custom ASICs with TSMC 0.25 um technology were developed as
readout circuits, which equipped with a preamplifier, a shaper, a

window-type discriminator and a 20-bits counter in each pixel.
see: T. Hirono, H. Toyokawa, et al., NIM A650, 88, 2011
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SPring.. 8

Gj) Analog curcuit
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ASIC can accept both positive and negative charge and the
analog circuit parameters were optimized to realize a fast setting
(< 100 nsec) from 10 to 100 keV.
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SP@ Higher harmonics background by monochromatic beams

>

* The lower discriminator functions to eliminate dark noise and lower

energy background signals such as fluorescent X-rays.

e X-ray beams from a monochrometor has higher harmonics
components as well as the fundamental energy. The higher
discriminator operates to eliminate higher energy background.

Si diffraction pattern measured
with PILATUS-100K

* Beam energy : 37.8 keV

e Detector threshold : 30.8 keV

113keV 37.8keV
(37 order contamination ) (fundamental beam diffraction)
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ASIC layout with TSMC 0.25 um CMOS
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In/Au-stud bonding

The CdTe sensor was bump-bonded to the ASIC chip by the In/Au-stud bonding
technique.

Double gold studs were formed with a wire bonding machine. Indium was

processed on the top of stud. Then the sensor and ASIC were assembled into
hybrid detector with a flip-chip bonding machine.
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SP’@ SP8-01 and SP8-02 detectors
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Sprmég Threshold scan with SP8-01 detector
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X-ray beams attenuated intensities to less than 10° photons/pixel/sec
were irradiated to the Pt/CdTe/Al-pixel SP8-01 detector.
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SPM@? Energy linearity test with SP8-01 detector
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Sprmég X-ray shadow image with SP8-01 detector

Combined image with 4 x 6 positions
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Sprmég Temperature dependence study with SP8-02

Thermostatic chamber
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Spmnsc.j |-V characteristics of SP8-02 sensors
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* The detector bias was applied on the common-electrode.
* The pixelated-electrodes and the guard-ring were set to the ground level through the ASIC.
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SPringe.
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Stability with h- and e-collection Schottky sensors
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SPringe. : : : :
Ci'jﬁ h- and e-collection operation with Ohmic sensor
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Sans °  Apply CdTe pixel tech. to MYTHEN strip detector
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Spméﬁ MYTHEN module with CdTe and Si sensors

e CdTe sensors

— 100um pitch

— 64 strips

— Electrodes
e Pt/CdTe/Pt-strip
e In/CdTe/Pt-strip
e Pt/CdTe/Al-strip

— Interposer

e Ceramic
e Glass

In/CdTe/Pt
on gl3

e Sisensor
— 50um pitch
— 128 strips
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SPring.. 8

Powder diffraction measurement at BL19B2
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SPring.
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Ce02 (111) peak

S Comparison of detection efficiency between Si and CdTe
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SPring. -
@ﬁ Summary for pixel

We have developed SP8-01 and SP8-02 CdTe pixel detectors.

SP8-01 prototype achieved a good energy linearity in wide range
from 15 keV over 100 keV by switching high gain and low gain mode.

In/Au stud bonding technique reached no detective pixel in SP8-02
single chip assembly (SP8-02 SCD, 1000 pixels).

We sdudied three type sensors and Pt/CdTe/Al-pixel sensor showed

a long-term stability performance even at near room temperature
(5 degrees).

We also fabricated a dual chip assembly to one sensor (SP8-02 DCD)
and its test is ongoing.

SP8-01 SP8-02 SCD SP8-02 DCD
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SPring.. 8

@ Outlook for pixel

e Now we are developing a new ASIC (SP8-02B), which will be
delivered soon (next week).

e Pixel size (200 um x 200um) and format (20 x 50) is the same as
SP8-02, but we improved analog amp ranging from 10 to 100 keV
by one gain, precise trimming for both side threshold with 6-bit
DACs, and so on.

 Next step we are fabricating 2 x 4 ASICs assembly to one sensor
(SP8-02B OCM, 40 x 200 pixels) and then building multi-module
detector with a water cool system (SP8-02B MMD, 4 x 2 module,
160 x 400 pixels).

 We plans to make a larger ASIC in SP8-03 (20mm x 20 mm).

SP8-02 OCM

(octal chip module)
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SP""‘S@'? Summary and Outlook for strip

e SPring-8 plans to wupgrade BL19B2 by
combining multi-MYTHEN detectors with the
sample changer (Juke Box) into a fully
automatic powder diffractometer system.

 In the 1%t stage, we will cover 30 or 60 degrees
with 6 or 12 standard Si modules.

e We are applying CdTe pixel technology to
strip sensors.

e MYTHEN ASIC worked as both hole- and
electron-collection mode  with prototype
100um pitch and 64 strips sensors.

* Now we start on development of a 50 um
pitch sensor with 128 strips in the electron
collection mode Schottky type (Pt/CdTe/Al-

strip). Sample changer system

e Our goal is developing a half module sensor (Jukebox) at BL19B2
(50um pitch, 640 strips) and construct a full
module with two sensors. Then we will
replace the detectors by CdTe-MYTHENSs.
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