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Abstract—In this paper, the First-Order Reversal Curve 
(FORC) technique is employed to analyze the impact of 
scandium-doped aluminum nitride (Al0.7Sc0.3N) ferroelectric 
film thickness in sub-50 nm regime on coercive field and built-
in-bias field distributions in Mo/Al0.7Sc0.3N/Mo metal-
ferroelectric-metal (MFM) capacitors. From the FORC 
distribution, we find that switching density becomes widened 
and flattened in thinner Al0.7Sc0.3N films. The coercive field 
increases with scaling down the Al0.7Sc0.3N film thickness. This 
study will be helpful to understand the effect of Al0.7Sc0.3N film 
thickness variation on ferroelectric switching for future non-
volatile memory (NVM) applications. 

Keywords— FORC distribution, Al0.7Sc0.3N, thickness 
dependent, NVM 

I. INTRODUCTION 

Non-volatile ferroelectric random-access memory 
(FeRAM) devices are studied aggressively and extensively 
all over the world due to its CMOS back-end-of-line (BEOL) 
compatibility, low operational voltage, fast read/write cycle, 
and high endurance [1-5]. FeRAM consists of ferroelectric 
capacitor in the memory cell, and the data is stored by the 
remanent polarization (Pr) of the ferroelectric material. 
Several researchers have reported ferroelectric memories 
based on different ferroelectric materials like HZO [5], 
BiFeO3 [6], PZT [7], Al1-xScxN [3, 8, 9] etc. Among them, 
ferroelectricity in scandium-doped aluminum nitride (Al1-

xScxN) film has become very attractive for the applications in 
next-generation ferroelectric NVMs owing to its CMOS-
BEOL compatibility, low thermal budget (< 400 ℃), large 
remnant polarization (Pr) > 80 µC/cm2, near ideal 
rectangular 

shaped polarization-electric field (P-E) hysteresis, high EC ~ 
2 – 6 MV/cm) [1-3]. Previously, few reports have been made 
on thickness dependent ferroelectric switching in Al1-xScxN-
based different MFM structures [8, 9]. We have reported 
multiscale modeling of Al0.7Sc0.3N-based FeRAM using 100 
nm thick ferroelectric film [3]. However, the Al1-xScxN film 
thickness-dependent FORC study has never been explored 
yet. 

In this study, we have employed FORC approach to 
evaluate the impact of Al0.7Sc0.3N film thickness on the 
ferroelectric switching in Mo/Al0.7Sc0.3N/Mo MFM structure. 
FORC measurements are used for the detailed analysis of the 
switching density (ρ-), coercive field (Ec) and built-in-bias 
field (Ebias) distributions. Electrical result shows that FORC 
distribution becomes widened and flattened in the thinner 
Al0.7Sc0.3N films. The core concentration of hysterons 
decreases with decreasing ferroelectric film thickness. On the 
other hand, Ec and reversal field (ǀErǀ) increase with decreased 
Al0.7Sc0.3N film thickness. Moreover, our experimental result 
could be a guideline for further analysis of thinner Al0.7Sc0.3N 
ferroelectric films in sub-30 nm regime. 
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Fig. 1. Schematic of the Al0.7Sc0.3N-based MFM capacitors 



 

 

                           TABLE I.    SAMPLE SPLIT TABLE 

Sample Bottom 
electrode 

Al0.7Sc0.3N 
thickness 

Top 
electrode 

S1 Mo 50 nm Mo 
S2 Mo 40 nm Mo 
S3 Mo 30 nm Mo 

II. EXPERIMENTAL 

The schematic illustration in Fig. 1 shows the structure of 
the Al0.7Sc0.3N-based MFM capacitor. First, 40 nm AlN seed 
layer followed by a 200 nm molybdenum (Mo) as bottom 
electrode were deposited by physical vapour deposition 
(PVD) process on 8-inch Si substrate. Next, Al0.7Sc0.3N thin 
film was deposited by pulsed DC reactive magnetron 
sputtering method followed by the deposition of 100 nm Mo 
layer as top electrode without breaking the vacuum. A ScAl 
alloy target was used with the Sc:Al atomic ratio of 30:70. 
Three different thicknesses of 50 nm, 40 nm, and 30 nm 
Al0.7Sc0.3N film were deposited. They are named S1, S2, and 
S3 respectively as shown in sample split Table I. Finally, 
lithography followed by the dry etching process were done to 
obtain MFM capacitors with top circular electrodes having 
radius of 50 µm. All the transient current (J-E) measurements 
are carried out by a Radiant Ferroelectric Analyzer applying 
triangle pulses with a frequency of 10 kHz at room 
temperature. 

III. RESULTS AND DISCUSSION 

Fig. 2 exhibits the Al0.7Sc0.3N film thickness dependent 
transient current loops (J-E) measured employing FORC 
scheme for S1 (Fig. 2a), S2 (Fig. 2b), and S3 (Fig. 2c) MFM 
devices. The transient current response are recorded starting 
from a positive saturation field and sweeping between Er and 
the positive saturation field, sequentially increasing Er until 
the negative saturation field. To evaluate the impact of Er on 
different thicknesses of Al0.7Sc0.3N film in details, we have 
introduced ρ- (Er, E) which indicates the density of switchable 
polarization units with respect to Er and applied electric field 
(E).  Switching density ρ- (Er, E) is derived using the following 
formula [10] 

𝜌ି(𝐸௥ , 𝐸) =
1

2𝐸̇

𝜕𝑗ிைோ஼
ି  (𝐸௥ , 𝐸)

𝜕𝐸௥

                     (1) 

Where, 𝜕𝑗ிைோ஼
ି (𝐸௥ , 𝐸)  is the difference between switching 

peak of two successive current density cycles in reversal field 
(i.e., j-

FORC (Er,i, E) – j-
FORC(Er,i-1, E)). Fig. 3 (a-c) shows the 

Al0.7Sc0.3N film thickness-dependent distribution of ρ- and Er 
with E. The Er distribution peak is found at - 4.7 MV/cm < Er 
< - 4.6 MV/cm, - 4.85 MV/cm< Er < - 4.68 MV/cm, and – 5.2 
MV/cm < Er < - 4.95 MV/cm for 50 nm, 40 nm, and 30 nm 
Al0.7Sc0.3N films, respectively. The corresponding E peak is 
located at 3.82 MV/cm < E< 4.25 MV/cm, 3.9 MV/cm < E < 
4.32 MV/cm, and 4.1 MV/cm < E < 4.56 MV/cm for S1, S2, 
and S3 respectively. It is observed that ǀErǀ increases (S1 < S2 
< S3) with scaling down the thickness of Al0.7Sc0.3N film as 
shown in Fig. 3d. Interestingly, the FORC distribution 
becomes more widened and flattened in the thinner Al0.7Sc0.3N 
films as shown in Fig.3 (a), (b), (c). The core concentration of 
hysterons decreases as the Al0.7Sc0.3N film thickness 
decreases, whereas the switching field increases as the film 
thickness decreases. It is worthy to be noted that ρ- is higher 
at low reversal fields Er. This could be attributed to both 
domain wall (DW) oscillations and lattice intrinsic 
contributions at lower Er, while at high Er only the lattice 
intrinsic contribution is expected to dominate instead of DW  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

oscillations. Furthermore, we have transformed the coordinate 
from (Er, E) to (Ebias, Ec) using the following equation (2) [10] 
and plotted the distribution of ρ- versus built-in-bias field Ebias 
and coercive field Ec as shown in Fig. 4 (a-c). 
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Fig. 2. Transient current loops (J-E) measured using the FORC 
scheme for the thickness of (a) 50 nm (S1), (b) 40 nm (S2), and 
(c) 30 nm (S3) Al0.7Sc0.3N film. 
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Fig. 3. Switching density (ρ-) distribution derived from the FORC 
measurements (Fig.2) of Al0.7Sc0.3N film for the thickness of (a) 
50 nm (S1), (b) 40 nm (S2), and (c) 30 nm (S3). (d) Average  ׀Er ׀ 
versus Al0.7Sc0.3N film thickness characteristics. 
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Fig. 4. Switching density (ρ-) distribution versus built-in-bias field 
Ebias, and coercive field Ec for (a) 50 nm (S1), (b) 40 nm (S2), and 
(c) 30 nm (S3) Al0.7Sc0.3N films. (d) Al0.7Sc0.3N film thickness -
dependent characteristics for average Ec and  ׀Ebias ׀. 
 



𝐸௕௜௔௦ =
𝐸 + 𝐸௥

2
 ,   𝐸஼ =

𝐸 − 𝐸௥

2
 (2) 

The Ec distributes from 4.14 MV/cm to 4.54 MV/cm (Fig. 4a), 
4.16 MV/cm to 4.68 MV/cm (Fig. 4b), and 4.25 MV/cm to 
4.95 MV/cm (Fig. 4c) for 50 nm, 40 nm, and 30 nm Al0.7Sc0.3N 
films respectively. The corresponding  ׀Ebias ׀ is around 0.34 
MV/cm, 0.35 MV/cm, and 0.37 MV/cm respectively. It is 
clearly seen that coercive field Ec increases [Fig. 4d] and is 
distributed more widely with decreased Al0.7Sc0.3N film 
thickness. However, the switching density ρ- decreases with a 
decrease in ferroelectric Al0.7Sc0.3N film thickness. A 
reduction of ρ- in thinner Al0.7Sc0.3N films is more likely 
because of wider distribution of Ec. The increased Ec for 
thinner Al0.7Sc0.3N films has been attributed to the effect of an 
adjacent interfacial layer near the electrodes or to the 
additional pinning of domain walls in thinner ferroelectric 
films. On the other hand, in a built-in-bias field, Ebias 
distribution becomes wider, and ׀Ebias׀ increases slightly in 
thinner Al0.7Sc0.3N films as shown in Fig.4d. 

IV. CONCLUSIONS

In this work, Al0.7Sc0.3N ferroelectric film thickness-
dependent switching characteristics have been experimentally 
demonstrated in Mo/Al0.7Sc0.3N/Mo MFM capacitors by 
employing the FORC approach. FORC analysis shows the 
impact of ferroelectric film thickness on the switching density 
ρ-, coercive field Ec, reversal field Er, and built-in-bias field 
Ebias distributions. Our experimental results exhibit that ρ- 
decreases while ׀Er׀ and Ec increase with scaling down 
Al0.7Sc0.3N film thickness to 30 nm. This insightful study may 
help to understand the effect of Al0.7Sc0.3N film thickness on 
ferroelectric switching for future NVM applications. 
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