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Pressure measurement 

      We used the Omega Universal Load Cell to measure the pressure applied onto our sample 

during the reverse nanoimprint lithography process through the SPECAC hydraulic press system. 

Since the imprinting temperature of 135 °C is beyond the working temperature of the Load Cell, 

we recorded the pressure-time curve at 25 °C, which is shown in Fig. S1. The initial pressure of 

3 bar slowly decreased to 2.6 bar after 60 minutes, and to 2.2 bar after another 90 minutes when 

the pressure was manually released. The exactly same starting pressure of 3 bar was used when 

doing our reverse nanoimprint lithography experiment at 135 °C, the pressure value could be 

slightly different from 2.6 bar over 60 minutes. The reason for the pressure decrease may be due 

to the relaxation of the sample and limitation of the design of the hydraulic press system to hold 

a small pressure for extended period of time.  
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phase diagram with a horizontal line at 90° phase (dashed line in Fig. 5b). From the half-width of 

the phase loop, we calculated the coercive voltage of the nanopillar capacitor Vc to be 21.0 ± 0.3 

V. The approximate 5 V shift of the coercive voltage to the negative voltage direction and 

asymmetric curves could be due to the difference of the work function of electrodes and 

asymmetric electric contact of the ferroelectric polymer with the top and bottom electrodes.3, 4 

The 45 ML terpolymer insulation layer was the main cause of the coercive voltage increase, as 

shown below. The AFM topography of the terpolymer coated nanopillars with hexagonal 

arrangement is shown in Fig. S3a, with the corresponding line scans of the nanopillars and 

terpolymer coating illustrated in Fig. S3b. The copolymer nanopillar, terpolymer coating and 

aluminum top electrode is indicated with green, yellow and gray color respectively in Fig. S3b. 

The finite element modeling (FEM) results of the applied voltage distribution over the 

nanopillars using Maxwell software are shown in Fig. S3c. The thickness of the 45 ML 

terpolymer layer is 180 nm with 4 nm per monolayer.5 The thickness of the copolymer nanopillar 

layer is 90 nm according to previous AFM measurements. The dielectric constant of the 

copolymer is 10,6 and the dielectric constant of terpolymer is 50.7, 8 The much higher dielectric 

constant of the terpolymer is beneficial for obtaining a higher voltage drop across the 

ferroelectric copolymer layer. The applied voltage distribution across the center of a pillar 

(indicated with a white dashed line in Fig. S3c) is illustrated in Fig. S3d. The voltage drop across 

the copolymer nanopillar according to the modeling calculation is 24 V, which is 60% of the 

applied 40 V voltage. Based on the proportionality of the voltage drop across the nanopillar and 

the applied voltage in modeling result, the effective coercive voltage of the copolymer nanopillar 

Vc(eff) = Vc×60% was 12.6 ± 0.2 V.  



 

Figure S

Compari

nanopilla

multilaye

Referen

1. S

2. M
m

3. S
N

4. F

5. S
0

6. S
ed

7. B
1

8. J.
P

 

S3. (a) AF

son of the 

ar (blue curv

er region wit

nces 

. Poddar and

M. E. Lines 
materials, Cla

. J. Kang, I
Nano Lett, 20

. Xia and Q.

. Poddar, K
12908. 

. Ducharme
d. H. S. Nalw

B. J. Chu, X. 
162-1169. 

. L. Wang, X
Phys Lett, 200

M topograp

AFM line s

ve). (c) Volt

th FEM meth

d S. Ducharm

and A. M. G
arendon Pre

. Bae, Y. J. 
011, 11, 138-

. M. Zhang, A

K. Foreman, 

, S. P. Palto
wa, Academ

Zhou, B. Ne

X. J. Meng,
08, 93. 

phy of the 

scan result 

tage drop di

hod. (d) Vol

me, Appl Phy

Glass, Princ
ss, Oxford E

Shin, Y. J. 
-144. 

Appl Phys L

S. Adenwa

o and V. M. 
mic Press, San

eese, Q. M. 

 S. Z. Yuan

terpolymer 

of nanopilla

istribution o

ltage drop al

ys Lett, 2013

ciples and ap
Eng., 1977. 

Park, J. Hu

Lett, 2004, 85

alla and S. 

Fridkin, in F
n Diego, 200

Zhang and F

n, J. Yang, J

coated P(V

ar (black cu

over the alum

long the whi

3, 103, 2029

applications 

uh, S. M. Pa

5, 1719-172

Ducharme, 

Ferroelectri
02, vol. 3, pp

F. Bauer, IEE

J. L. Sun, H

VDF-TrFE) 

urve) and te

minum/terpo

ite dashed lin

901. 

of ferroelec

ark, H. C. K

1. 

Appl Phys 

ic and Diele
p. 545-591. 

EE T Dielec

H. S. Xu and

nanopillars

erpolymer c

olymer/nano

ne in (c). 

ctrics and re

Kim and C. 

Lett, 2016, 

ectric Thin F

ct El In, 2006

d J. H. Chu, 

5

 

s. (b) 

oated 

opillar 

elated 

Park, 

108, 

Films, 

6, 13, 

Appl 


