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Abstract
The performance of FeRAM non-volatile cells including those on ferroelectric insulating layers requires full-scale 
development of the field effect at the semiconductor–dielectric interface. The recharging of electron traps concentrated 
in the buffer layer between the insulator and the wafer impedes the development of the field effect at the interface. 
A Si wafer has been hydrogen-saturated for suppressing the activity of electron traps in the buffer layer at the ferro-
electric–silicon contact. The reference specimen has been another similar wafer not exposed to H2. High-frequency 
C–V curves of the metal–dielectric–semiconductor structures with Ba0.8Sr0.2TiO3 insulating layers deposited on both 
wafers have been measured. The capacities of the test specimens have proven to be low sensitive to hydrogen satura-
tion of the wafers. This is accounted for by long-term heating of the silicon wafers at 500–600 °C during ferroelectric 
deposition. It has been proposed to implant large organic cations into the wafers in order to reduce the concentration 
of electron traps in the Ba0.8Sr0.2TiO3–Si buffer layers. Those organic cations can be 2–phenylethyl ammonium iodide, 
4-chlorophenylethyl ammonium iodide and 4-fluorophenylethyl ammonium iodide which showed good results at pas-
sivation of high-performance metal–halogenide perovskite solar cells.
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1. Introduction

Electronics engineering will soon change for ICs with 
insulating layers of various materials, e.g. high-k dielec-
trics and ferroelectrics deposited onto silicon wafers. The 
large lattice mismatch between the deposited dielectric 

and the semiconductor causes the formation of the so-
called buffer layer at their contact [1] mainly containing 
oxides of the contacting materials. Although that layer is 
typically far thinner than the insulating gap, it plays a sig-
nificant role during structure recharging by impeding the 
development of the field effect including the opening of 
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minority carrier channels [2, 3]. The latter exerts a highly 
deleterious impact on the performance of devices, includ-
ing FeRAM non-volatile memory cells in which informa-
tion reading is based on measuring the sub-gate channel 
conductivity at the depleted semiconductor surface. This 
buffer layer behavior is attributed to the high concentra-
tion of dangling silicon and deposited metal bonds. Those 
dangling bonds act as electron traps the recharging of 
which screens the penetration of external electric fields 
into the wafer.

Electron trap hydrogen passivation is used for sup-
pressing the activity of surface electron localization cen-
ters in an advanced planar silicon technology [4, 5]. It is 
therefore reasonable to test that approach for structures 
containing ferroelectric insulating layers. One should 
however bear in mind that annealing of silicon–ferroelec-
tric–metal specimens in a molecular hydrogen saturated 
atmosphere significantly reduces the random polariza-
tion of the objects [6–8]. Therefore hydrogen saturation 
should be applied to the wafer specially prepared for in-
sulating layer deposition rather than to the whole speci-
men. The latter approach is described in this work. Below 
we will describe the procedure of silicon wafer exposure 
to hydrogen containing media, preparation of metal–di-
electric–semiconductor (MDS) structures and data on 
high-frequency C–V measurements for passivated and 
non-passivated wafers.

2. Experimental

The test wafers were 460 mm thick p-type conduc-
tivity KDB-10 silicon wafers. The doping impurity 
concentration as calculated from the resistivity was 
NA ≈ 1.25·1015 cm-3. One of the two similar silicon wa-
fers was hydrogen-saturated in a commercial solar cell 
fabrication line, whereas the other was not exposed to 
H2 but used as a reference for comparing the results. 
300 nm thick Ba0.8Sr0.2TiO3 (BST) layers were synthe-
sized on each wafer by high-frequency polycrystalline 
target sputtering in an oxygen atmosphere. Then 100 nm 
thick nickel electrodes with the areas S ≈ 2.7·10-4 cm2 
were deposited onto the BST surface through a shadow 
mask by electron beam evaporation. A more detailed de-
scription of the plant design and deposition techniques is 
available elsewhere [9, 10].

The impedance of the test specimens was measured at 
room temperature at 1 MHz with a Vg = 200 mV/s field 
voltage sweep rate on a LCR Agilent E4980A precision 
meter. For a detailed description of the experimental set-
up see [11].

3. Results and discussion

The C–V curves of the structures grown on hydro-
gen-exposed and reference wafers are shown in Fig. 1. 
Comparison between Fig. 1a and Fig. 1b showed that 

silicon wafer exposure to a hydrogen-saturated media 
did not fundamentally suppress the activity of electron 
traps concentrated in the buffer layer between the fer-
roelectric and the semiconductor. The structures grown 
on the hydrogen-passivated wafer had a slightly greater 
difference between the high-frequency capacities on the 
C–V curve plateau, i.e., 76 and 9.5 pF against 61.8 and 
7.2 pF for the non-H2-passivated specimens. However, 
the maximum capacities in both cases are far lower than 
the 1 MHz capacity of the metal–dielectric–metal struc-
ture with insulating BST layer of the same thickness as in 
the test specimens. Thus, as follows from earlier data [2, 
12], both types of test structures exhibit strong screening 
of external electric fields during recharging of the elec-
tron traps concentrated in the BST–silicon contact buffer 
layer. The decrease in the measured capacity with an in-
crease in voltage agrees with the slight band bending in 
the semiconductor. The capacity of silicon for flat bands 
Csfb is written as

1 22
,

4
s A

sfb
q N

C S
T

 ε
=   π 

where q is the unit charge, T is the absolute temperature 
in energy units and εs is the dielectric permeability of Si.

For the calculated NA and room temperature, Csfb is 
24.15 pF. The dependence of semiconductor capacity Cs 
on external bias Vs is described as follows
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where vs = qVs/T is the dimensionless band bending in 
silicon which is vs > 0 for a depleted state and vs < 0 for 
an enriched state. Therefore in accordance with Eq. (1), 
it follows from Fig. 1 that the dimensionless band bend-
ing in the semiconductor varies from –2.9 to 4.2 in the 
hydrogen-passivated wafer and from –2.1 to 6.5 in the 
reference one. Thus, Si wafer exposure to H2 resulted in 
a slight narrowing (by 2T in energy units) of the mini-
mum of the U-shaped spectral energy curve for the elec-
tron traps in the buffer layer of the MDS structure and its 
slight shift towards the silicon valence band top.

The low sensitivity of the test MDS structures to hy-
drogen saturation of the wafers is most likely due to the 
temperature conditions of BST deposition onto the sili-
con wafer. The conditions T = 500–650 °C are maintained 
during polycrystalline target sputtering in a Plazma-50SE 
plant (Russia) for a long time, about one hour. Therefore 
the protons trapped by the dangling silicon bonds have 
time to activate and hydrogen can evaporate from the 
wafer to the atmosphere. It should be noted that for an 
advanced thermal oxidation planar silicon technology 
(radical thermal oxidation with in situ steam generation, 
ISSG) [14], high hydrogen concentration is maintained 
in the reaction zone throughout the entire process which 
leads to successful electron trap passivation. The main 
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conclusion from this work is that for MDS structures 
in which the deposition of insulating layers requires 
high-temperature conditions or annealing, hydrogen ex-
posure of silicon wafers for electron trap passivation in 
the buffer layer is useless. Here one should mention the 
good passivation results for high-performance metal–
halogenide perovskite solar cells delivered by implanta-
tion of large organic cations, e.g. 2-phenylethyl ammo-
nium iodide, 4-chlorophenylethyl ammonium iodide and 
4-fluorophenylethyl ammonium iodide [15]. The latter 
approach does not change the bulk crystalline structure 
of perovskite and leads to efficient passivation of defects 
at its boundaries.

4. Conclusion

The studies of electrical activity reduction of surface 
electron traps at BST–Si contacts should be driven by the 
use of passivating materials with heavy cations or anions 

that are stable at up to 600 °C and do not evaporate from 
the wafers during heating in MDS deposition processes. 
One should obviously not restrict oneself to the above-
mentioned chloro-, fluoro- and phenylethyl ammonium 
iodides [15]. In this context, it would be appropriate to 
mention experiments for silicon surface passivation with 
1-octadecene organic monolayers [16]. The general cri-
terion of electron trap passivation in the BST–Si buffer 
layer is an abrupt decrease in the concentration of the re-
charging localized electron states and a weak effect on 
the bulk crystalline structure of the ferroelectric deposit-
ed onto silicon.
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