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High-k dielectric thin films are widely applied in energy conversion/storage and information storage devices such as
Dynamic Random access Memory (DRAM), Multilayer Ceramic Capacitor (MLCC), thermoelectric devices, etc. Among
them, perovskite thin films, for instance, strontium titanate (STO) and barium titanate (BTO) are known to have extremely
superior dielectric properties. Atomic layer deposition (ALD), can deposit thin films through atomic layering producing
uniform and conformal high-k thin films with precise thickness control. While relatively low crystallinity of film quality due to
low deposition temperatures of ALD can develop practical issues, they can be overcome by employing additional processes
such as thermal annealing, plasma treatment, and seed layering. ALD, STO and BTO thin films treated with these
additional processes demonstrate more improved crystallinity and electrical properties. In this paper, the processes to
enhance properties of ALD high-k thin films, BTO and STO films are reviewed. Perspectives into high quality ALD high-k
thin films as well as current efforts to further improve the film quality are discussed.
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Fig. 3 Transmission electron microscopy (TEM) images

STO/TiN) showing the dependence of crystallization on the
composition (Sr:Ti ratio). Reproduced from ref. 26

Table 1 Summary of ALD STO and BTO thin films with thermal
annealing treatment

of
thermally-annealed (550°C, 1 min, N,) ALD STO films (Pt/

Main Annealing Annealing
. o . Ref
material temperature (°C) environment
500 Air 17
600/650 N, 20
600 N> 21
STO 525-700 N, 23
650 N, 24
650 N, 25
550 N, 26
600 0, 18
BTO
600 0, 19
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Fig. 4 TEM images of (a) as-deposited and (b) plasma-treated ALD
BTO films on Si wafer. Zoomed-in images of yellow dotted
regions are shown on the right. Reproduced from ref. 7

Table 2 Summary of ALD STO and BTO thin films with plasma

treatment
Main Plasma Intra- or ..
Material type post-dep Crystallinity Ref
Remote Partially 27,28,
STO O, plasma Intra crystalline 31,32
BTO Remote Post and Pamall.y 711
O, plasma Intra crystalline
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Table 3 Summary of ALD STO and BTO thin films seed layering

. Seed layer Deposition Seed layer
Main . .
. (Thickness temperature annealing Ref
material . o
in nm) °C) temperature
STO(5) 250 650 33
STO(1.4) 225 600 27
STO(3-5) 370 650-700 34
STO(3) 225 600 28
STO
STO(5) 250 700 35
STO(4-6) 370 700 36
SrO(1.4) 225 600 27
SrO(2.7) 225 600 28
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