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For nanopore sensing of various-sized molecules with high sensitivity, the size of the 

nanopore should be adjusted according to the size of each target molecule. For solid-state 

nanopores, a simple and inexpensive nanopore fabrication method utilizing dielectric 

breakdown of a membrane is widely used. This method is suitable for fabricating a small 

nanopore. However, it suffers two serious problems when attempting to fabricate a large 

nanopore: the generation of multiple nanopores [1,2] and the non-opening failure of a 

nanopore [3]. In this study, we found that nanopore fabrication by dielectric breakdown of a 

SiN membrane under high-pH conditions (pH ≥ 11.3) could overcome these two problems 

and enabled the formation of a single large nanopore up to 40 nm in diameter within one 

minute (Fig. 1).  

 

 

 

 

 

Icutoff = 0.2 mA

Dia. = 6.5 nm

Icutoff = 0.5 mA

Dia. = 13.5 nm

Icutoff = 6.5 mA

Dia. = 39.9 nm

Icutoff = 1 mA

Dia. = 18.7 nm

Icutoff

5 10 15 200
10-11

10-9

10-7

10-5

Time (s)

C
u
rr

e
n
t 
(A

)

(a) (b)

Fig. 1. (a) Current-time trace until dielectric breakdown of a SiN membrane in a KCl aqueous 
solution with a pH of 12.7. The applied voltage and the thickness of the SiN membrane were 18 V 
and 20 nm, respectively. (b) TEM images of nanopores created in the SiN membranes. The diameter 
of the fabricated nanopores could be controlled within a range of 5 to 40 nm by changing the cutoff 
current (Icutoff). Scale bars are 20 nm. 
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