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Sc|nt|"ator-based ,,,,,,, detector ,,,,,, a rrays ,,,,,,, have ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
a limited resolution due to a lateral
spread of the scintillated light within

the converting layer.

direct converters, which are amorphous
or polycrystalline semiconductors, are

~ limited in their time response, causing
effects such as ghosting. Perfect direct

converters would be single crystals,
which are expensive and cannot be
grown in arbitrary sizes.

HERAE: xETSEREEH A ERE#aSR Rt & E

FF BN S 5 R HY




EEEWERE T EEEWESZNBNSHEAIUR, Am, H

B EE B Z ERSe T R X 5 BEX-5

2 IBGERZE, PRSI TH

EIEANNME. FEECsIIEE a-Se#thl, #IESSIMEAS
P s s K 77 & 54 T SEENX-SF LR Al IR 46
H T H T BB X 0 2e 0 1 3= E 44k
Amorphous Se (a-Se), Pbl, , Hgl,, CdTe , CdZnTe .

FT-a-Se 4R &5 L i Pbl, and Hgl, %

F, {HE+HA1ES0 keV T T IR R 1V 1) et P
UL ERDSIEO RN R T e 2 N
BB, PR 7 HAEFLAR

S I D o

KEMTAEEST
CdZnTe, {HRUAEH
RRST i [5] A0 r= im
FHIREE 0] AT A
e




5 DOCTOBER 2017 | VOL 550 | NATURE | 47

Material change for
X-ray detectors

The X-ray sensitivity of radiology instruments is limited by the materials used in
their detectors. A material from the perovskite family of semiconductors could
allow lower doses of X-rays to be used for medical imaging. SEE LETTER p.87

ig. 1). As expected,
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= Bias
electrode

Using the same approach, it should be
possible to make detectors that have much
larger areas, as required for other medical pro-
cedures such as chest X-rays®. The sensitivity

— MAPbI,

— Electron
track

Projection
along
electric field

and processability of
this perovskite could
therefore reduce
the radiation dose

“The potential
improvements
associated with

using MAPbI, _
Focused could make a needed for medical
| big difference X-rays to the funda-
Pixel electrode to ﬂlEdiCﬂ-I mEﬂtﬂ.l q]_‘[ﬂ,]_’]tl]._['l’l El.ﬂd

procedures.” spatial resolution

limits.

Image generation



Sketch of the device structure,
comprising a MAPbBr3 SC, an
electron-accepting layer (EAL), a hole-
blocking layer (HBL) and two metallic
contacts. Photoexcitation (light blue)
excites electrons and holes that
contribute to the photocurrent that is
driven by an internal field and an
external bias.

From single-element detectors
towards array imagers.

For X-ray imaging, array detectors
could be applied, with an
application-specific integrated
circuit (ASIC) used for readout, on
which the perovskite SC would be
bonded via solder bumps.




Current studied perovskite materials used for photodector

MAPDbI;, FAPbI;, MAPbBr;, MAPDbBr, 4,Cl, o5, CsPbl;, Cs,FA, _,Pbl;_ Br,
Film(polycrystal), Single —crystal, Wafer

Polycrystalline Single crystalline

Polycrystalline and amorphous single crystals combine the
converter layers usually suffer advantages of high stopping
from low Chafge ,,,,,,,,,,,,,, m Ob“ity ,,,,,,,,,,,,, and ! | | power, |0Wtrap ,,,,,,, density ,,,,,,, anda

rely on high applied bias high charge collection
voltages to achieve a efficiency, which should

average distance a
photoexcited carrier drifts
before it recombines), which
has to match the device
thickness.
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Table 1 A summary of different bulk single crystal growth methods and properties of as grown crystals

Properties

Growth method Single crystal - Ref.
Size (mm) Carrier mobility (cm* V~'s™')  Trap state density (cm™)
MAPbI, 10 % 10 x 8 [40]
STL thod MAPBI; 12 % 12 % 7 (2-4 weeks) 105 + 35 10" [42]
meto MAPbI; 10 x 3.3. 167 + 35 7.6 x 10° [35]
MAPbBI; 20 x 18 x 6 (5 days) [47]
~5(3h 67.2
MAPbI; - 54 },,'9 34 [50]
MAPbI 5 davs t’; :’mfw‘“_ ) o 1.4 x 10" (58]
ITC method MAPbDCI; yll xg]l y ; 436 1.8 x 10° (58]
MAPbBr; 2 2.6 x 10" [58]
CsPbB 25x25x6 ~2x10%cm~V 61]
* s ~8 mm (several hours) (Mobility-lifetime)
AVC method MAPDI; ~1 2.5 ~10°-10" [34]
.. 1000
Melt crystallization CsPbBrs -7 diameter 1.7%10°% em?2 V-! [66]

method

(Mobility-lifetime)
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Sensitive X-ray detectors made of
methylammonium lead tribromide perovskite

single crystals

Haotong Wei', Yanjun Fang!, Padhraic Mulligan?, William Chuirazzi2, Hong-Hua Fang3,
Congcong Wang?*, Benjamin R. Ecker?, Yongli Gao*3, Maria Antonietta Loi?, Lei Cao?*

and Jinsong Huang™

MR=08
Small Large
MAPBEr, single MAPBBr, single crystal

crystal
Growth

- MR=10 - P’:r.-

Opague part on surface

MAPDBBr, single
-+ crystal
A-ray-
-+ -+ ———> REEEED
charges

Light-
charges

Photons of
light or X-ray

NATURE PHOTONICS pol: 10.1038/NPHOTON.2016.41



—a— CdTe
—s— MAPbI,

—— MAPBEr,
—a&— MAPBCL,
—r— 5

Attenuation efficizncy (9%6)
Xermaycumrent (a.u.)

Thickness (mm)

Relativeresponse (dB)

3 dB frequency

Current density (nd cm™)

! v I v v L
2 3 102

Close rate (piy s77) X-ray modulation frequency (Hz)

X-ray detection performance of the MAPbBr3 single-crystal devices.
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A= K MAPDBr, B &

(R IEIE B B6 E : (low-temperature-gradient crystallization)
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MAPDI, B XRD

Intensity (CPS)
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The rocking-curve measurement shows a strong peak at 10.2° , corresponding to
the (200) diffraction peak in the 2 8 scan mode. The FWHM of the peak is measured
0.072° , indicating that it is a single crystal with respectable crystalline quality.
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no signature of thermal decomposition is observed until 240 ° C.
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Biexponential fits :
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Adj. R-Squar 0.99445

Value Standard Err
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Current-voltage characteristics. Under solar simulator with an
intensity of 20-100mW/cm2, the current through a 1mm thick
MAPDI3 single crystal photoconductor increases by 33 times.
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ON/OFF Switching Cycles(530nm, 60mW cm'z)
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35 ON/OFF switching cycles of the photocurrent response at a fixed bias
voltage of 2 V under illumination (60 mW cm=2, A = 530 nm).
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