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1. Introduction

In the design of semiconductor integrated 

circuits, ESD is one of the important issues 

related to product quality improvement and 

reliability. Especially, ESD is recognized as an 

important problem of integrated circuit design 

due to process development and reduction of 

thickness of gate oxide. Many ESD protection 

circuits have been studied to solve such ESD 

problems[1]. Recently, research on SCR has been 

actively conducted with ESD protection devices 

because it has electrical characteristics that can 

drive large currents even in a smaller area than 

the ggNMOSFET used as an ESD protection 

device[2~5]. However, due to the nature of the 

structure, the SCR can have undesirable 

latch-up problems due to overshoot voltage and 

noise other than ESD in normal operating 

conditions due to its low triggering voltage(<2V) 

and high trigger voltage above 20V[5]. To avoid 

this, some SCR-based devices also benefit from 

external circuitry to achieve low trigger voltage 

and high holding voltage[6].

The proposed device can protect the gate 

oxide of the internal circuit with the low 

trigger voltage by modifying the existing SCR 

structure without adding the external circuit, 

and it is possible to prevent undesired latch-up 

phenomenon in the steady state due to the 
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high holding voltage.

2. Main subject

2.1. New ESD Protection Device Structure

The proposed device modifies the structure 

of MVTSCR (Middle Voltage Trigger SCR) 

modified from the existing SCR, inserts p-drift 

junction between n-well and p-well, and inserts 

n- Respectively It is shown in Fig1.

Fig. 1. Cross section of the proposed device and equivalent 
circuit

The operation principle of this device can be 

explained by the operation of NPN / PNP 

which occurs in the same parasitic as the 

existing SCR. That is, when the anode voltage 

becomes larger than the trigger voltage of the 

SCR, the PNP-BJT is turned on, and a part of 

the current flowing into the anode drifts 

through the n-well to flow through the p-well 

to the p + cathode. At this time, if the current 

passing through the p-well increases due to the 

resistance of the p-well, the emitter-base 

junction (EBJ) of the NPN-BJT changes to the 

forward bias state and turns on. The collector 

current of the NPN flowing from the n-well to 

the cathode becomes the base current of the 

PNP to sustain the operation of the PNP. 

Similarly, the collector current of the PNP 

becomes the base current of the NPN so that 

both BJTs perform the forward feedback 

operation. ] [3] The trigger voltage of the 

conventional SCR is determined by the 

avalanche breakdown between the n-well and 

the p-well In order to lower the trigger voltage, 

a p + (p-drift) junction was added between the 

n-well and the p-well to lower the trigger 

voltage by lowering the blocking junction 

between the n-well and the p-well. The holding 

voltage can be described as the voltage drop 

between the anode and the cathode when two 

BJTs (NPN / PNP) are triggered and operated. 

The holding voltage is dependent on the degree 

of space charge neutrality in the two BJT base 

regions and on the emitter injection efficiency. 

Therefore, to increase the holding voltage, the 

proposed device increased the holding voltage 

by optimizing D1, D2 shown in Fig. 1 related to 

the base region and D3, D4 related to the 

emitter injection efficien.

2.2. Simulation of the proposed device

The TCAD simulator was used to analyze the 

trend of the electrical characteristics of the 

proposed device through device simulation, 

and the comparison with the existing ESD 

protection device was analyzed by the mixed 

mode simulation. Figure 2 shows the electrical 

characteristics of the device and the voltage 

clamping and temperature at HBM 4K

(A)
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(B)

Fig. 2. (A) DC I-V characteristics with existing devices, 
(B) Voltage and temperature characteristics at HBM 4K

The trigger voltage of the proposed device in 

Fig. 2. (A) is 11.5V similar to ggNMOS. The 

holding voltage is 4V higher than the holding 

voltage (1.8V) of the conventional SCR. Figure 2 

(B) shows the voltage clamping and lattice 

temperature when the HBM 4 kV stress is 

applied and the device size is 100 μm. The 

proposed device has a temperature similar to 

that of the existing SCR, which is lower than 

the ggNMOS when the voltage is clamped. This 

results in high holding voltage and high ESD 

performance.

Fig. 3. DC-IV characteristics of proposed device 
according to design variables (D1, D2, D3, D4)

3. Fabrication and measurement results of 

the proposed device

The proposed device was fabricated with 

0.35um BCD process for the compatibility of 

low voltage and high voltage with the size of 

50um. The I-V characteristics were measured 

with a TLP tester and ESD tolerance 

characteristics (HBM, MM) were measured with 

ESS-6008. Figure 4 shows the TLP-IV 

characteristics of the proposed device 

according to design variables. As shown in Fig. 

4, the measured results of the proposed device 

show the same characteristics as the trend of 

simulation. The higher the holding voltage, the 

lower the secondary breakdown current, ie ESD 

tolerance. This can be explained by equation 

(1). The higher the holding voltage, the lower 

the secondary breakdown voltage.

   ×          (1)

Therefore, the power consumed by the ESD 

protection device is lowered and the ESD 

tolerance characteristic is lowered.

(A)

 

(B)
 



New Thyristor Based ESD Protection Devices with High Holding Voltages for On-Chip ESD Protection Circuits   153

(C)

Fig. 4. TLP-IV characteristics of proposed device 
according to design variables (D1, D2, D3, D4)

In addition, the ESD tolerance characteristics 

of the proposed device were measured with 

HBM 5KV, MM 200V. Table 1 summarizes the 

ESD performance characteristics of the 

proposed device

Table 1. Characteristics of proposed ESD protection device

division variable Measures
Electrical characteristic VT1 13.1V
Electrical characteristic IT1 3.68mA
Electrical characteristic VH 11.4V
Electrical characteristic IH 3.02A
Electrical characteristic HBM 5KV
Tolerance characteristic MM 250V

Ⅴ. conclusion

In this study, we propose a novel thyristor - 

based ESD protection device with high holding 

voltage and verify the electrical characteristics 

of the proposed device through simulation and 

then measure and analyze electrical 

characteristics and endurance characteristics. 

The proposed device has a trigger voltage of 

13.1V and a latching voltage of 10V or more. In 

addition, ESD tolerance characteristics of HBM 

5KV and MM 250 have large ESD performance 

with small area.
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