
154제23회 한국반도체학술대회

Analysis and modeling on the pH-dependent current drift of Si nanowire 
ion-sensitive field effect transistor (ISFET)-based biosensors 

 
Jungkyu Jang1, Jungmok Kim1, Hyun-Sun Mo1, Jung Han Lee2, Byung-Gook Park2, Sung-Jin Choi1,  

Dong Myung Kim1, Dae Hwan Kim1,2,a), and Jisun Park1,b) 
1School of Electrical Engineering, Kookmin University, Seoul 136-702, Korea  

2Inter-university Semiconductor Research Center (ISRC), Seoul National University, Seoul, Korea 
E-mail : a)drlife@kookmin.ac.kr, b)jisunpark@kookmin.ac.kr  

 
Although the ion-sensitive field effect transistor (ISFET)-based biosensor has a great potential 

for point-of-care testing systems, the current drift still remains as a challenging issue for its 
commercialization [1]. Furthermore, the drift makes the design of readout circuit for a 
high-resolution biosensor very complicated because it is sensitive to the amount of ionic species in 
electrolyte or human serum [2]. However, its chemical/physical origin is neither yet fully 
understood nor modeled for the circuit design and simulation. In this work, the pH-dependence of 
drift in the top-down processed Si nanowire (SiNW) ISFET [3] [Fig. 1(a)] is investigated and 
modeled for its robust circuit analysis. 

Doubly swept transfer curves in SiNW ISFETs show that the hysteresis increases with the 
decrease of pH value both in a subthreshold and in a GIDL region [Fig. 1(b)]. The current drift also 
becomes more severe with the decrease of pH value [Fig. 1(c)]. Based on experimental results, the 
chemical/physical origin on drift will be analyzed and modeled. Furthermore, the procedure of 
extracting model parameters will be shown. Our result is potentially useful for the drift-aware 
circuit design for a high-resolution biosensor system. 
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Fig 1. (a) Bird’s-eye view of the fabricated SiNW ISFET biosensor.  (b) Doubly swept transfer curves 
and (c) the current drift characteristics in various pH conditions. 
 
Reference: [1] J. H. Lee, Ph.D. dissertation, Dept. of Electric and Computer Engineering, Seoul National University, 2014. [2] 
S. Jamasb, IEEE Sensors Journal 4 (6) p. 795 (2004). [3] J. Lee et al., IEEE International Electron Devices Meeting 385 (2013). 
Acknowledgment: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the 
Ministry of Science, ICT and Future Planning (Grant No. 2013R1A1A2065339), in part by BK+ with the Educational Research 
Team for Creative Engineers on Material-Device-Circuit Co-Design (Grant No. 22A20130000042), and in part by IC Design 
Education Center (IDEC). 

[ TP1-119 ]

This work was partly supported by the ITRC (Information Technology Research Center) support program of MSIP/IITP 
[IITP-2015-R0992-15-1017] and ICT R&D program of MSIP/IITP [10043464, Development of quantum repeater technology for the 
application to communication systems] 

A New Sacrificial Method Using Polyimide and Copper 
 

H. Cheon1, S. Hong1, M. Lee1, Y. Park1, T. Kim2 and D. Cho1,* 
1ASRI/ISRC, Department of Electrical and Computer Engineering,  

Seoul National University, Seoul, Korea 
2Quantum Technology Lab, SK Telecom, Seongnam-si, Gyeonggi-do, Korea 

* Corresponding author (E-mail: dicho@snu.ac.kr) 
 

This paper presents a new sacrificial technology for fabricating released microelectromechanical 
systems (MEMS) structures. The sacrificial layers are frequently used to fabricate complicated 
released structures in MEMS applications, such as sensors, actuators, microfluidics, and rf devices. 
Copper is a widely used material in the via microfabrication technologies, and has also been used in 
MEMS applications as a sacrificial layer [1]. However, in using copper as a sacrificial material, 
there are several problems that arise from ensuing thermal treatments. Our fabrication results show 
serious damages to the main structural layers resulting in breakages (Fig. 1(a)). This paper develops 
a new method for protecting the main structures from the damages in a copper sacrificial process, 
using a sandwiched polyimide buffer layer. Fabrication results show that the polyimide buffer layer 
successfully isolates the main structures from the unwanted stresses from sacrificial material (Fig. 
1(b)). The developed sacrificial process is an excellent technology for fabricating relatively 
large-gap structures (dimensions 5~15 μm) involving low-temperature-budget oxide and metals (< 
400°C). 
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Fig 1. SEM of silicon-dioxide encapsulation structure using (a) Cu sacrificial layer;  

(b) Polyimide/Cu sacrificial layer 
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