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Abstract—This research presented the concept of 
employing the punch-through diode triggered SCRs 
(PTTSCR) for low voltage ESD applications such as 
transient voltage suppression (TVS) devices. In order 
to demonstrate the better electrical properties, 
various traditional ESD protection devices, including 
a silicon controlled rectifier (SCR) and Zener diode, 
were simulated and analyzed by using the TCAD 
simulation software. The simulation result 
demonstrates that the novel PTTSCR device has 
better performance in responding to ESD properties, 
including DC dynamic resistance and capacitance, 
compared to SCR and Zener diode. Furthermore, the 
proposed PTTSCR device has a low reverse leakage 
current that is below 10-12 A, a low capacitance of 0.07 
fF/mm2 , and low triggering voltage of 8.5 V at 5.6×10-5 
A. The typical properties couple with the holding 
voltage of 4.8 V, while the novel PTTSCR device is 
compatible for protecting the low voltage, high speed 
ESD protection applications. It proves to be good 
candidates as ultra-low capacitance TVS devices.    
 
Index Terms—ESD, Punch-through diode, SCR, 
Zener diode, PTTSCR   
 

I. INTRODUCTION 

Electrostatic discharge (ESD) is a well know transient 
threat to sensitive electronic component and products, 
especially nanometer-scale electronic components and 
the integrated circuit (IC) chips [1]. Typical ESD damage 
are burnout of insulators, junctions, metal interconnects 
of electronic components, and the integrated circuits 
(ICs). Higher integration density, faster operation speed, 
and lower power consumption were realized as the 
electronic component dimension was adjusted to the 
nanometer scale. So the low voltage ESD protection 
device is required to maintain the reliability of such 
electronic components against ESD damages. The non-
snapback transient suppressor (TVS) diode, operated in 
avalanche breakdown condition, is recognized to be close 
to the ideal ESD protection device that offer desirable 
electrical and ESD characteristics, including fast 
response time, low operating and clamping voltage, and 
no device degradation [2, 3]. On the other hand, TVS 
diodes with low breakdown voltage, less than 5 V, 
requires heavy doping of the base layer and operation in 
tunneling mechanism that is known as a Zener diode [4]. 
This results in high leakage current and capacitance, 
which is insufficient for high reliability protection with 
advanced technologies [5-7]. Silicon controlled rectifier 
(SCR) has low clamping voltage and small turn-on 
resistance and high current handle capably [8-10]. 
However, the SCR requires several modifications to 
decrease its triggering voltage while maintaining a high 
holding voltage in order to avoid latch-up.  

This proposed work is to address the design of a new 
SCR device, punch–thought diode triggered SCR 
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(PTTSCR). The punch thought diode was employed to 
reduce the triggering voltage of SCR when it achieved 
the breakdown voltage below 2 V while conserving the 
leakage current below 1 nA [6, 11]. Then, its electrical 
properties were compared to the conventional TVS 
device through TCAD simulation software technology 

II. DEVICE STRUCTURE 

Fig. 1 shows the cross-section schematic of the navel 
PTTSCR structure, and the punch-through device is 
placed to p-well. The PTTSCR is triggered on by punch-
through mechanism between n++-anode and n++-cathode 
rather than an avalanche breakdown of the well-substrate 
junction in a traditional SCR device that usually require 
heavy doping n- or p-well for low triggering voltage, 
which results in high leakage current and capacitance. 
The punch-through voltage is controlled by controlling 
the doping concentrate p+ diffusion and the space 
between n++-anode and n++-cathode. Meanwhile, the p+-
buried in the p-well is used to control the holding voltage, 
which acts as the barrier for blocking the injected carrier 
from the emitter to the base of an npn transistor as well 
as current gain controlling. Heavy doped p+-buried 
corresponds with low emitter carrier injection and current 
gain. In this case, the base resistance is weakness 
dependent with increasing emitter- base voltage of the 
parasitic npn transistor as well as a applying voltage 
when compare with light doping, which results in high 
holding voltage. 

The working principle is followed. It is known that the 
SCR device is conducted when both parasitic npn and 
pnp transistors are turned-on. When the positive voltage 
is applied to anode pin, while the cathode is relative as 
the ground, the current is injected into the base region of 
an npn transistor by punch-through current between n++ 

cathode and n++ anode. The injection current triggers the 
npn transistor of voltage across its emitter-base equal to 
0.7 V. The turning on of an npn transistor also inject the 
electron current to bias pnp transistor turn on. Finally, 
SCR is in full conduction. 

III. DEVICE SIMULATION AND RESULTS 

The ESD protection devices used in this investigation 
and comparison include a novel PTTSCR, Zener diode, 
convention SCR device (See Fig. 2). The electrical 
properties such as I-V and C-V characteristics were 
performed through TCAD Athena and Atlas Silvaco 
simulation.  

Fig. 3 shows the I-V characteristics of three device 
structures. It is notable that the PTTSCR was triggered 

 

Fig. 1. Cross-sectional of the proposed PTTSCR. 
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(b) 
 

 

(c) 

Fig. 2. Cross-section of analyzing ESD protection device 
structure (a) PTTSCR, (b) SCR, (c) Zener diode. 
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on at 8.5 V with current of 5.6×10-5 A, which is lower 
compared to the conventional SCR structure of 10.5 V 
and 5.4×10-4 A. Moreover, the holding voltage (Vh) of the 
PTTSCR is about 4.8 V, which is compatible for low 
voltage applications. 

The temperature dependent of reverse leakage current 
is given in Fig. 4, demonstrated that the SCR and Zener 
diode were beneficial in achieving low leakage current 
levels at all temperature ranges. Even through the 
PTTSCR is strongly temperature-dependent in terms of 
reverse leakage current, it has a negligible smaller 
temperature coefficient of holding voltage compared to 
an SCR device as shown in Fig. 5. This indicates that the 
new PTTSCR device is operating in a high temperature 
environment as 400 K when its reverse leakage current 
and holding voltage were maintained below 10-8 A and 
closed to the original value (see Figs. 4 and 5). 

Furthermore, among all device structures, the 
PTTSCR shows a lower DC dynamic resistance (RD) 
value. The RD calculated from the linear region of Fig. 3 

was 0.70 W, meanwhile the SCR was 1.03 W and 2.17 W 
for the Zener diode at the active area of 100 mm2 (see 
inset of Fig. 3). Typical smaller dynamic is a strong point 
in terms of minimizing the energy absorption of the 
device as well as Joule heating and improved ESD 
performance as found in previous works [2, 3]. The 
heating problem is known to be the major cause of 
degradation and failure in devices. 

Finally, the capacitance was analyzed. The capacitance 
is known as an important parameter of the ESD 
protection device that represents a speedy response time 
in absorbing transient energy like ESD events. Therefore, 
for the fast device, the capacitance should be smaller as 
much as possible, in order to minimize the RC time 
constant that known as the limiting speed parameter of 
device [12]. Fig. 6 plots the capacitance as a function of 
various doping parameters that simulated from the 

  

Fig. 3. Comprising I-V characteristics of three device 
structures. 

 

 

Fig. 4. Temperature dependent of leakage current simulated 
from three device structures. 

 
 

 

Fig. 5. Temperature dependent of BV or Vh simulated from 
three device structures. 

 

 

Fig. 6. Capacitance at zero bias plotted as a function of the 
doping concentration of n-well, p-buried and n-substrate (for 
each case, another parameters were set as default value (see 
Fig. 2(a))). 
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PTTSCR structure. It is found that the capacitance is 
independent on the doping concentration of the n-well 
and p-buried, but it dominated by the n-substrate layer. 
Since the original PTTSCR structure used a low substrate 
and well-doping concentration, a smaller capacitance 
value would be an expected achievement. The 
capacitance value simulated from all device structures 
were plotted in Fig. 7. The PTTSCR shows an extremely 
small capacitance value that is lower than other devices 
by about 6 times. Typically the smaller capacitance value 
not only behaviors as a high speed device, but it is also 
advantageous in high speed data applications in terms of 
minimizing signal attenuated at high frequency and 
increase cut off frequency [13]. 

V. CONCLUSIONS 

The performance of the novel punch-through device 
triggered SCR was performed through the TCAD 
simulation. The result showed that the novel PTTSCR 
device has a low leakage current below 10-12 A, a low 
triggering voltage of 8.5 V, a high holding voltage of 4.8 
V, a small capacitance of 0.07 fF/μm2, and a small 
dynamic resistance. In comparison, the novel PTTSCR 
device shows better and higher ESD performance than 
the SCR and Zener diode in accordance with the DC 
dynamic resistance and capacitance. This guarantees that 
the novel PTTSCR is capable of protecting low-voltage 
high-speed applications and good candidates, such as a 
ULC-TVS device. 

ACKNOWLEDGMENTS 

This work was supported by a Basic Research 
Laboratory Program (2011-0027956) through the 
Ministry of Education of the Republic of Korea, and by a 
Converging Research Center Program (2013K000404) 
through the Ministry of Science, ICT & Future Planning 
of the Republic of Korea. It was also supported by 
supported by the Future Semiconductor Device 
Technology Development Program (Grant No. 
10044651), funded by the Ministry of Trade, Industry & 
Energy of the Republic of Korea, and by the Korea 
Semiconductor Research Consortium. 

REFERENCES 

[1] A. Amerasekera and C. Duvvury, IEEE Trans. 
Compon. Packag. Manuf. Tech. 18 (1995) 314-320. 

[2] D. Bouangeune, Y. H. Kil, S. S. Choi, D. H. Cho, K. 
H. Shim and Ch. J. Choi, Materials Transactions. 
54 (2013) 2125-2130. 

[3] S. S. Choi, D. H. Cho and K. H. Shim, Electron. 
Mater. Lett. 5 (2009) 59-62. 

[4] M. Shur, Introduction to Electronic Device, John 
Wiley & Sons, Ltd, chapter 4, 226 (1996) 

[5] S. W. Song, S. K. Chung, and Y. I. Choi, J. Korean 
Phys. Soc. 42, S765 (2003). 

[6] Y. Ch. King, B. Yu, J. Pohlman, and Ch. Hu, IEEE 
Trans. Electron Devices. 43, 2037 (1996). 

[7] R. van Dalen, G.E.J. Koops, and O. Pfennigstorf, 
Journal of Electrostatics. 61, 149 (2004). 

[8] M. Kang, K. Wh. Song, B. G. Park, H. Ch. Shin, 
Microelectronics Journal. 42, 837 (2011). 

[9] J. A. Salcedo, J. J. Liou, and J. C. Bernier, 
ELECTRON DEVICE LETTERS. 25, 658 (2004). 

[10] H. Xie, H. Feng, R. Zhan, A. Wang, D. Rodriguez, 
and D. Rice, ELECTRON DEVICE LETTERS. 26, 
121 (2005). 

[11] J. Urresti, S. Hidalgo, D. Flores, J. Roig, I. Cortes, 
and J. Rebollo, Microelectronics Reliability. 45, 
1181(2005) 

[12] S. Mahajan, Electron. Mater. Lett. 2, 59 (2006). 
[13] E. Romero, Application note: AND8319/D, On 

Semiconductor, http://onsemi.com. Rev.0 (2008). 

 

Fig. 7. C-V characteristic curve simulated from three device 
structures at the frequency of 1 MHz. 
 

 



JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL.14, NO.6, DECEMBER, 2014 801 

 

Daoheung Bouangeune was born in 
Sayaboury, Laos, on May 28, 1986. 
He received the B.S degree in physic 
from National University of Laos in 
2008 and M.S degree in applied 
physic from National University of 

Laos in 2011. He is currently working toward the PhD 
degree on semiconductor engineering at Chonbuk 
National University, South Korea. His research interests in 
fabrication and developing ESD protection devices which 
relative to Zener diode, TVS diode, RC and LC filter. 
 
 

Sengchanh Vilathong was born in 
Houaphan, Laos, on May 28, 1985. 
She received the B.S degree in 
physic from National University of 
Laos in 2008 and M.S degree in 
applied physic from National 

University of Laos in 2011. She is currently a lecturer at 
Faculty of Education, National University of Laos, 
Vientiane, Laos. Her research interests in thin film solar 
cell and device simulation. 
 
 
Deok-Ho Chois a Research and Development Division, 
Sigetronics, Inc., Jeonju 561-756, Republic of Korea. 
 
 
See-Jong Leem is a professor at Department of 
Hydrogen Energy, Dongshin University, 185 Gunjearo, 
Naju, Jeonnam, Republic of Korea 
 
 

Chel-Jong Choi was born in Korea, 
on June 16, 1974. He received the 
B.S. degree in ceramic engineering 
from Hanyang University, Seoul, 
Korea, in 1997, and the M.S. and 
Ph.D. degrees in materials science 
engineering from the Gwangju 

Institute of Science and Technology (GIST), Gwangju, 
Korea, in 1999 and 2003, respectively. From 2003 to 
2005, he was with the Samsung Advanced Institute of 
Technology (SAIT), Suwon, Korea, in the areas of 
semiconductor-device characterization. From 2005 to 

2008, he worked with the Electronics and 
Telecommunications Research Institute (ETRI), Daejon, 
Korea, where he was involved in the process integration 
of nano-scaled Schottky barrier MOSFETs. Since 2008, 
he has been with Chonbuk National University, Jeonju, 
Korea. His research interests include the novel nano-
scaled Ge- and III-V- based electronic devices for the 
ultimate CMOS and post-CMOS technologies. 
 
 

Kyu-Hwan Shim received his BS 
and MS degrees in materials science 
and engineering from Korea Uni- 
versity in 1984 and 1986, respect- 
tively, and his PhD degree from the 
University of Illinois at Urbana-
Champaign (UIUC). Meanwhile he 

joined the Electronics and Telecommunications Research 
Institute (ETRI) in 1986, where his major activities were 
focused on compound semiconductor processes and 
devices like GaAs MESFETs until 1992. Thanks to 
ETRI’s program, he could study at UIUC for his PhD 
degree and specialize the epitaxial growth and device 
development of GaN-based heterostructures. For five 
years after 1999, while working as a principal research 
member, his efforts were devoted to SiGe HBTs, 
BiCMOS integrated circuits, and strained-silicon 
MOSFETs. Then he moved to the Chonbuk National 
University (CBNU) to become a professor in 2004, and 
continued his research on SiGe and related 
semiconductor materials, processes, and devices in his 
lab Intelligent Semiconductor Research Lab (ISRL). At 
the same time, he started to serve as a CEO for a new 
lab-based venture company, Sigetronics Ltd. established 
inside the CBNU campus, where various semiconductor 
devices such as Zener diode(for LEDs), TVS, ULC-TVS, 
ESD/EMI Filter, SBD, FRD, Power-FETs have been 
developed and commercialized. His research is focused 
mostly on the epitaxial growth of germanium on silicon 
substrates (Ge-on-Si) and its application for future 
electrical and photonic devices including the beyond-
CMOS and the emitters/receivers of optical signals for 
communications and image signal processing as well. He 
wants to assist for a new generation started on the basis 
of GaN, Ge, Si in every academic and industrial sectors.  


