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Cadmium zinc telluride (CZT) is the material of choice 

for high-energy room-temperature X-ray and -ray detec-

tors. However, the performance of pixelated detectors is 

greatly influenced by the quality of CZT. Crystal defects 

and impurities are one source of shallow and deep level 

traps for charge carriers. Fluorescence lifetime of the re-

combination of optically excited charges may indicate the 

presence and type of defects and impurities in CZT. Flu-

orescence Lifetime Imaging Microscopy (FLIM) is used 

to examine the excited-state lifetime in CZT fabricated 

by different growth methods and conditions. The FLIM 

set-up analyses luminescence emitted from the sample 

following photo excitation. Samples were optically excit-

ed above band gap with a pulsed laser (590 nm) for raster 

scanning a 220µm165µm sample area. In-situ room-

temperature photoluminescence (PL) and FLIM were 

recorded simultaneously. In order to analyse the FLIM 

data, two dominant charge carrier decay processes (1, 2) 

were identified. The luminescence signal decays with a 

rapid lifetime of 1  50ps to 200ps, and a large variety of 

long-lifetime components 2 were found in the range of 

225ps to 900ps. CZT grown by Multi-Tube Physical Va-

pour Transport (MTPVT) showed extremely long-lived 

recombination decay times up to 3.5ns in the vicinity of 

the interface at growth start. Further away from this inter-

face, the recombination lifetime was in the typical range 

of fast transitions similar to those found in detector-grade 

CZT fabricated by Travelling Heater Method. Crystalline 

material quality strongly influences FLIM lifetime. 

 

 

Abstract Figure Time-resolved transients of MTPVT-grown 

CZT compared with industry-leading detector grade CZT (dots: 

measured data; lines: fitted exponential decay curves). 

 

1 Introduction High-energy X-ray / -ray spectros-

copy is often used in applications for materials science and 

medical imaging. It requires detectors that have high effi-

ciency at energies >30 keV. Spectroscopic detectors pro-

duced in Si do not have sufficient stopping power at these 

energies and Ge detectors require cryogenic cooling. Cad-

mium Telluride (CdTe) and Cd-rich ternary tellurides are 

better suited materials as they operate at room temperature 
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and have excellent spectroscopic energy resolution of 

0.8keV measured at 60keV [1]. Despite this excellent per-

formance, CdTe detectors are limited to 1mm thickness 

due to large leakage currents at typical operating voltages 

>500V. Cd1­xZnxTe (CZT) alloys with a Zn fraction of typ-

ical x~0.1 have a larger band gap and a higher resistivity 

than CdTe which reduces leakage currents and permits 

thicker (>1mm) detectors. Still, the growth of large quanti-

ties of good quality mono-crystalline CZT is a challenge.   

Fluorescence Lifetime Imaging Microscopy (FLIM) 

was used to characterise the crystalline quality of CZT. 

FLIM is a time-resolved optical characterization method, 

which examines the decay of the entirely emitted fluores-

cence from a sample under excitation of a pulsed laser in 

order to determine the recombination lifetime of excited 

states. Generally FLIM is used for analysing fluorescent 

molecules in chemical and biological applications [2] but it 

also allows recombination pathways of photo-generated 

charge carriers in semiconductors to be examined. Several 

groups have used picosecond time-resolved luminescence 

measurements in CdTe and (Cd,Mn)Te [3-5]. In this work, 

we use FLIM to scan CZT for the first time and to map its 

lifetime distribution of transitions. We aim to investigate 

the excited-state lifetime of charge carriers and their re-

combination processes, particularly those involving trap 

states which influence the electronic properties of CZT. 

2 Experimental setup  
2.1 Material This study focuses on material grown by 

Multi-Tube Physical Vapour Transport (MTPVT). 

MTPVT is controlled by the mass flow of the evaporation 

of binary compounds CdTe and ZnTe. The ternary CZT 

can be grown from vapour at a comparatively low growth 

temperature, thus avoiding a melt phase of CZT, reducing 

impurities and minimizing the generation of Te inclusions 

[6]. For our investigation, a CZT boule (2-inch diameter, 

20mm thick) was grown. The growth process consisted of 

an initial CdTe nucleation layer of a few millimetres grown 

on a GaAs (111) substrate followed by the growth of CZT 

at 740C with a growth rate of ~360m/h and a ~9.5% Zn 

content estimated by weight. A resistivity up to 

2.310
11
cm was measured for a crystal specimen cut out 

of the boule indicating its potential use as an X-ray detec-

tor material. Further details on growth and crystal charac-

terization of the MTPVT-CZT are reported elsewhere [6]. 

For the FLIM and PL analysis of MTPVT-CZT, different 

parts of an as-grown boule were used. The boule was 

sliced into wafers (3mm thick) perpendicular to the direc-

tion of growth using a wire saw (AWS Logitech) and sili-

con carbide slurry. The cutting surfaces were subsequently 

lapped and polished with a Logitech PM5 polishing system 

using Al2O3 slurry with grain size down to 0.3µm. Three 

wafers of the boule were investigated: one from the tip (A), 

one between tip and heel (B), and one at the heel in the vi-

cinity of CdTe buffer/CZT growth start (C). Commercially 

available detector-grade indium-doped CZT crystal 

(CZT:In), fabricated by Redlen Technology using Travel-

ing Heater Method (THM), was used as reference in com-

parison to the MTPVT material. Redlen material is known 

to produce X-ray detectors with excellent spectroscopic 

resolution [7]. 

2.2 FLIM and PL FLIM experiments were carried out 

with samples described in 2.1 using optical excitation of 

CZT above their band gap energy. An optical parametric 

oscillator (590nm) pumped by a pulsed 76MHz, 180fs Ti-

tanium sapphire (Ti:Sapph) laser was used for mapping 

220m165m crystal areas with a laser focus size of 

~0.5m. A Hamamatsu R3809U MCP photomultiplier 

tube, sensitive from 300nm to 850nm, was used to record 

the decay transients of each excited spot. In-situ room-

temperature PL and FLIM were recorded simultaneously. 

For PL at room temperature (RT), an Acton 275 spectrom-

eter with an attached Andor CCD camera (iDus DU420) 

was used. 

  

 

Figure 1 RT PL of CZT:In and three MTPVT-CZT samples 

which were cut from different positions (A,B,C) of the boule. 

 

3 Results  

3.1 Room-temperature (RT) PL Fig.1 relates the 

RT PL spectra of Redlen CZT:In and the various cuts of 

the MTPVT-CZT. All spectra are normalized to the PL 

maximum for better comparison. Spectra of all samples are 

broad due to the typical thermal broadening but exhibit dis-

tinctive maxima that are correlated to the near band edge 

emission and hence to the Zn-content of each sample. 
The spectrum (green) of the MTPVT-CZT at position 

C close to the growth start shows the lowest PL maximum. 

The Zn content in sample C is negligible, according to cal-

culations using the empirical formula, which describes the 

relation of RT PL and the zinc fraction in CZT [8]. This 

part of the sample represents largely the CdTe nucleation 

layer. This spectrum has a considerable PL in the range be-

low 1.45eV (deep level donor–acceptor transitions at mid-

band gap) indicating a significant number of defects in the 

CdTe layer at the growth start of CZT. The lattice mis-

match between the CdTe buffer layer and the GaAs(111) 

substrate can lead to the introduction of crystalline defects, 

which are often associated with deep level complexes in 
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 the band gap [9]. The maximum of the spectrum taken 

from the MTPVT-CZT at position B between heel and tip 

of the boule, where CZT growth has already taken place, is 

shifted to a higher energy and is correlated to a Zn content 

of x~0.12. A considerable amount of PL is still visible in 

the energy range below 1.45eV. For both samples, B and C, 

the near band edge PL is only 50-times larger than the 

emission from these deeper levels. This indicates that a 

significant number of crystalline defects still exist in posi-

tion B. Only at the tip of the boule (A), has the amount of 

PL in the range below 1.45eV decreased; the ratio between 

PL maximum and the PL contribution from mid-band gap 

states below 1.45eV is comparable to the ratio which was 

observed in the CZT:In sample. The ratio between near 

band edge PL and deep level PL is ~400:1 and ~625:1 for 

CZT(A) and CZT:In, respectively. This indicates that after 

the MTPVT growth of CZT for several hours – until a 

crystal has a length of >6mm – the crystalline quality starts 

to improve and is comparable to the quality of Redlen’s 

detector grade CZT:In. The spectrum of the CZT:In has a 

PL maximum at about 1.55eV which represents a Zn con-

tent of x~0.07. 

 

3.2 FLIM data analysis In order to analyse the time-

resolved recombination of photo-generated charge carriers 

created by the pulsed laser, the luminescence decay signal 

of each transient was fitted to an exponential decay func-

tion using SPCImage data analysis software. The exponen-

tial decay function f(t) expresses the decease of lumines-

cence with time t caused by a number N of possible re-

combination processes i: 

𝑓(𝑡) = ∑ 𝑎𝑖exp(−𝑡/𝜏𝑖)
𝑁
𝑖=1    (1) 

  Typical recombination processes of the excited 

charge carriers in CZT are band-to-band, donor–acceptor 

recombination, and transitions from deep level traps within 

the band gap, each of which has a typical lifetime i. The 

factor ai indicates the percentage contribution to the total 

luminescence. A good fit to transient data was achieved by 

using the exponential decay of two principal recombination 

processes (1: fast decay, 2: slow decay) on condition that 

the reduced chi-square 
2
 is close to unity as a test of accu-

racy. Typical transients (data and fit curves) are shown in 

the Abstract Figure. The industry-leading CZT from 

Redlen and the MTPVT-grown CZT of the samples as de-

scribed in 2.1 and 3.1 are compared in terms of excited-

state lifetime. For better visualisation, all transients in the 

Abstract Figure were normalized to each signal maximum 

at excitation. Data points of the MTPVT-CZT sample from 

the boule tip (position A at growth finish) follow almost 

the same time progression as for the Redlen material, 

hence the similar time constants. The time constant 1 for 

the fast process is close to the FLIM system response time, 

50ps, but the lifetime of the long-lived process is 2~295ps. 

At first, the MTPVT-CZT (C) signal curve is similar to 

that of the two other samples, then the signal decay slows 

down indicating different slow recombination processes 

here (1~79ps; 2~580ps). All fit curves are significant ap-

proximations to the data with 
2
=1.19, 1.47, and 1.1 for 

CZT:In, MTPVT-CZT (A), and MTPVT-CZT (C), respec-

tively. 

 

                

Figure 2 FLIM map of lifetime 2 (slow process) in an MTPVT-

grown CZT crystal at the tip of the boule (position A). 

 

 3.3 FLIM mapping of MTPVT-CZT and CZT:In 
For a closer analysis, these three samples were mapped by 

the laser specified in 2.2. As described in 3.2, the decay da-

ta from each excited pixel were analysed and maps for the 

fast (1) and the slow (2) recombination lifetime were gen-

erated. These maps can be used to correlate crystal defects 

to a particular lifetime. Voids are the most prevalent de-

fects in MTPVT material. The crystals also tend to have 

grain boundaries and dislocations [6]. These defects have 

an influence on the lifetime of the excited charge carriers. 

Fig.2 and Fig.3 are examples of FLIM maps. An iden-

tical colour code was chosen for the range of lifetime 

(75ps<2<2200ps); bright red indicates short lifetime and 

dark blue long lifetime. Due to the sensitivity of the FLIM 

detector, these maps take only the luminescence above 

~1.459 eV into account, which covers the PL maxima in 

Fig. 1. Fig.2 is a map across an area of MTPVT sample A, 

which has several defects such as scratches and a large 

void extending over several m. These defects were re-

vealed after the lapping/polishing process.  Despite these 

obvious defects along which defect states were expected, 

homogeneous recombination properties across the sampled 

area were observed. Although Fig.2 maps the longer time 

constant 2 in formula (1), these charge carrier states are 

relatively short-lived with a lifetime as fast as 225ps but 

not exceeding 900ps. 

void 

20m 

damage 
from  

polishing 
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Figure 3 FLIM map of lifetime 2 in an MTPVT-grown CZT 

crystal at growth start (position C). 

 

Using an excitation (590nm) above the band gap, laser 

light penetrates only a few nm into CZT and hence transi-

tions are dominated by surface defect states instead of ex-

tended defects such as voids. The MTPVT sample C has a 

similar homogeneous and random lifetime distribution 

with no particular pattern (Fig. 3) but most transitions were 

far more long-lived than those in sample A, typically >1ns. 

The distribution of the lifetime mapped across MTPVT 

samples A and C was plotted for 1 and 2 in Fig.4(a+b) in 

comparison with CZT:In. Fig. 4 shows that the lifetime for 

both the fast and slow decay in Redlen CZT:In exists in a 

narrow interval centred around 1~87ps and 2~370ps. For 

the MTPVT-CZT samples, the lifetime intervals are much 

broader and the lifetime maxima are shifted relative to the 

extrema for CZT:In. At the tip of the MTPVT-CZT (A) the 

fast recombinations occur at shorter time (~80ps) but vary 

from 50ps to 200ps. At the same sample position (A), the 

slow recombination transients have a lifetime 

225ps<2<900ps with most transitions at 500ps. This 

marginal difference between the two samples can possibly 

be attributed to the fact that MTPVT-CTZ (A) is not com-

pensated by In-dopants and hence this allows a larger 

number of different optical recombination processes to oc-

cur. The similarity in lifetime between those two samples 

illustrates that MTPVT-CZT is potential detector-grade 

material. In contrast, the lifetime of recombinations near 

the heel of the MTPVT-CZT boule (position C) is shifted 

to far longer recombination processes and has a much 

broader distribution with some transitions as fast as 50ps 

for 1 but the majority of short-lived excited states with a 

decay time between 100ps to 300ps (maximum at 180ps). 

For slow transitions, a significant number between 500ps 

and 2500ps with a maximum at 2~1420ps and a few long-

lived recombinations up to 3.5ns were observed. This dras-

tic change of the lifetime characteristic demonstrates poor 

crystalline quality at the interface between CdTe buffer 

layer and growth start of CZT. Defects such as dislocations, 

impurities, change in Zn content, and stress caused by lat-

tice mismatch between CdTe and CZT can be the source of 

various long-lived transition pathways. Some of them may 

be associated with trap-assisted processes. A similar influ-

ence on the lifetime of photo-generated charges has also 

been observed by other groups [4,5]. Long-lived transitions 

increase from 1.82ns up to 73ns by annealing CdTe [4] and 

doping of (Cd,Mn)Te increases the transient lifetime from 

60ps to 960ps [5]. However, doping of CZT seems to have 

only a minor influence on the transient lifetime.  
 

4 Conclusion FLIM mapping of CZT has been 

demonstrated as a complementary tool for the characteriza-

tion of CZT. The recombination of excited charge carries 

in CZT can be described by two dominant lifetime compo-

nents, one fast component 1 and a slow one 2. For detec-

tor-grade CZT:In these are typically 1~87ps and 2>200ps 

with a maximum at 370ps.  MTPVT-grown CZT showed 

similar transitions but a broader lifetime distribution at the 

tip of the boule and is still considered as potential detector-

grade material. In contrast, the same sample showed far 

longer lifetime in the first 6mm of the boule with up to 

3.5ns (maximum 1~180ps and 2~1420ps). This is at-

tributed to poor crystalline quality at the interface to the 

growth start and can be associated with trap states. RT PL 

corroborates these results. 

(a)  

(b)  
Figure 4 Number of transitions for fast (a) and slow recombina-

tions (b) in typical Redlen CZT:In and in MTPVT-CZT (A & C). 
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