
Figure.1 Electrical schematic and cross section of the 
emitter-base shorted bipolar transistor. 
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Abstract— This paper presents ESD protection structure 

with novel trigger technique for LDMOS based on BiCD 
process. The proposed ESD protection element includes the 
same structure as drain region in Nch-LDMOS, the vertical 
NPN transistor and the lateral NPN transistor. The trigger 
voltage is depended on the breakdown voltage in the drain 
region integrated in ESD protection device and the avalanche 
current acts as the base current of NPN transistor. The high 
ESD current spreads to the buried layer in the vertical NPN 
transistor without locally concentrating in the drain edge.  The 
value of the second breakdown trigger current It2 in the 
proposed ESD protection element is nearly four times as large 
as that in the simple LDMOS. 

I. INTRODUCTION 
 

Lateral DMOS (LDMOS) power devices are widely used as 
output drivers in multiple applications in smart power IC 
designs. Relative to their sizes, LDMOS transistors are 
inherently weak with respect to ESD reliability and ESD 
ruggedness of LDMOS power devices has been a significant 
subject in smart power IC designs.  

The LDMOS applied to the switching regulator has the 
drift layer with shallow junction depth due to the self-aligned 
process between the gate electrode and the drift layer. While 
the structure enables the high speed switching because of the 
small gate-drain capacitance, the drain current is likely to 
concentrate in the drain edge during an ESD event, resulting 
in a filamentation. ESD protection elements are required to 
withstand the surge current in parallel with the LDMOS. The 
some approaches based on Silicon Controlled Rectifier (SCR) 
have been proposed due to the high discharge capability 
derived by hole and electron injection conductivity 
modulation [1, 2]. There is a possibility that the SCR is 
triggered by unwanted serge voltage and latch-up stimuli may 
occur during normal operation. While the emitter-base 
shorted bipolar transistor as shown in figure.1 is effective, the 
trigger voltage and current is depended on the device 

parameter such as the length (Lb-c) between the base diffusion 
layer and collector layer [3].  

The margin voltage between the snapback voltage Vt1 of 
the LDMOS and that of the ESD protection element has 
tended to widen considering the process fluctuation for the 
two devices because each breakdown voltage is determined 
by the different device parameters.  

In this paper, we propose an ESD protection structure with 
novel trigger technique for LDMOS based on BiCD process.  

 
 
 

 

 

 

 

 

II. DEVICE STRUCTURES 

A. Nch LDMOS  
 

Figure 2 shows a cross-sectional view of Nch-LDMOS for 
switching regulator based on the low cost 0.6um BiCD 
process. The device is fabricated in the p-well so that the gate 
drain capacitance is minimized. The drift region is self-aligned 
to the gate electrode in order to reduce the parasitic gate-drain 
capacitance which affects the switching loss. The on-state 
breakdown voltage degrades as the drain current increases 
because the net effective positive charge is reduced by the 
existence of a large amount of negative electron charges in the 
Ndrift1 layer. The on-state breakdown tends to decrease as the 
junction depth of the drift layer is shallower. We have applied 
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Figure.3 Snapback TLP-IV characteristics of Nch-LDMOS. 
The LDMOS devices failed after the first snapback turn-on. 

(a) Current distribution 

(b)Temperature distribution 

Figure.2 Cross-sectional view of Nch-LDMOS for switching 
regulator based on the low cost 0.6um BiCD process 

2-step shallow n-implant structure (Adaptive Resurf) to the N-
ch LDMOS. The breakdown voltage is 37V. 

 

 

 

 

 

 

 

 

 

Figure 3 shows the snapback TLP-IV characteristics of 
Nch-LDMOS. The LDMOS devices failed after the first 
snapback turn-on. Figure 4 (a)(b) shows the simulated current 
distribution and temperature distribution of LDMOS in 
injecting the high current into the drain electrode. The drain 
current concentrates in the drain edge and the kirk effect 
appearing in the high current bipolar mode pushes the 
avalanching region from the second drift layer Ndrift2 edge to 
the highly doped N+ diffusion region. High current and high 
electric field causes the physical destruction at the N+ region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Proposed ESD protection structure with novel trigger 
technique 
 

Figure 5 shows the proposed ESD protection structure 
with novel trigger technique. The proposed ESD protection 
element includes the same structure as drain region in Nch-
LDMOS, the vertical NPN Tr1 and the lateral NPN Tr2. The 
breakdown voltage is depended on the peak electric filed in 
first drift layer Ndrift1 between the gate and the highly doped 
N+ diffusion region and the avalanche current acts as the base 
current of the lateral NPN Tr2. The Vt1 trigger voltage of the 
protection device is controlled by the drift length and the 
margin voltage between the snapback voltage Vt1 of the 
LDMOS and that of the ESD protection element can be 
reduced. When the avalanche current creates a voltage drop of 
0.7V over the parasitic resistance in the base layer, the lateral 
NPN Tr2 will be turned on. As the resistance R1 is connected 
to the collector of NPN Tr2 and the flowing current is limited, 
the vertical NPN Tr1 will be turned on in region of the higher 
ESD current. The high ESD current flows through the N+ 
buried layer N+BL. Then the ESD current spreads to the 
buried layer without locally concentrating in the drain edge. 
The high ESD ruggedness is achieved by the relaxation of the 
kirk effect and the current crowding effect.  
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Figure.5 Proposed ESD protection structure with novel trigger 
technique. The proposed ESD protection element includes the 
same structure as drain region in Nch-LDMOS, the vertical NPN 
Tr1 and the lateral NPN Tr2. 

Figure.4 Simulated current distribution and temperature 
distribution of LDMOS in injecting the high current into the 
drain electrode 
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Figure 6 shows simulated current distribution and 
temperature distribution of the proposed ESD protection 
element in injecting the high current into the drain electrode. 
The ESD current spreads to the buried layer without locally 
concentrating in the drain edge and the hot spot is widely 
distributed in the deep N+ layer DN+ connecting the drain 
electrode with the N+BL.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. EXPERIMENTAL RESULTS 
Figure 7 shows the snapback TLP-IV characteristics of the 

proposed ESD protection element. Both the breakdown 
voltage and the Vt1 trigger voltage is 33V. The lateral NPN 
Tr2 is turned on when the voltage between the drain and the 
source electrode is over the avalanche breakdown voltage. 
When the drain current is higher than 0.7A, the vertical NPN 
Tr1 is turned on and the on resistance is lower than that of the 
lateral NPN Tr2. The It2 value of the proposed ESD 
protection element is nearly four times as large as that of the 
simple LDMOS. 

Figure 8 and 9 show the ESD protection structure with the 
adaptive resurf in the drain region of triggering LDMOS and 
the snapback TLP-IV characteristics, respectively. The 
breakdown voltage and the trigger voltage Vt1 in this device 
are 25V and 28V, respectively. The difference between the 

trigger voltage Vt1 and the onset voltage of the low resistive 
mode is larger compared with the ESD protection structure 
without the second drift layer Ndrift2 in the drain region of 
triggering LDMOS. This is why the adaptive resurf reduces 
the electric field in the region of high drain current and high 
drain voltage and suppresses the avalanche current for the 
trigger current of the NPN Tr1. In order to protect the 
LDMOS against the ESD surges, the breakdown voltage in 
LDMOS is higher than the trigger voltage Vt1 in the ESD 
protection element. The difference between the breakdown 
voltage in LDMOS and the Vt1 in the ESD protection element 
must be small. Because the rated voltage is determined by the 
Vt1 in ESD protection element and the on resistance is 
increased with increasing the breakdown voltage in LDMOS. 
If the trigger voltage Vt1 in the ESD protection structure with 
the adaptive resurf is brought close to the breakdown voltage 
in LDMOS, the onset voltage of the activated vertical NPN 
Tr1 is higher than the breakdown voltage in LDMOS and the 
vertical NPN transistor can’t be turned on. Consequently, the 
capability to discharge the surge current in this ESD protection 
element isn’t insufficient. 
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(a)current distribution 

(b)temperature distribution 

Figure.6 Simulated current distribution and 
temperature distribution of the proposed ESD element 
in injecting the high current into the drain electrode. 
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Figure.7 Snapback TLP-IV characteristics of the proposed ESD 
element. Both the breakdown voltage and the Vt1 trigger 
voltage is 33V.  
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Figure.8 ESD protection structure with the adaptive resurf 
(Ndrift2 layer) in the drain region of triggering LDMOS 
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Figure 10 shows the comparison of the snapback TLP-IV 
characteristics with small and large R1 resistance connected to 
the drain. The It2 value of the structure with large R1 is nearly 
twice as large as that with small R1. The structure with small 
R1 failed before the vertical NPN Tr1 turned on. The R1 
resistance acts as the ballast resistance. Both the element 
device and the R1 need to be larger for the lateral NPN Tr2 to 
discharge the higher ESD current. From the viewpoint of the 
ESD protection element size, it is important to activate NPN 
Tr1 in region of high ESD current. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 
 

This paper presented ESD protection structure with novel 
trigger technique for LDMOS based on BiCD process. The 
proposed ESD protection element includes the same structure 
as drain region in Nch-LDMOS, the vertical NPN transistor 
and the lateral NPN transistor. The trigger voltage is depended 

on the breakdown voltage in the drain region integrated in 
ESD protection device and the avalanche current acts as the 
base current of NPN transistor. We demonstrated an ability to 
discharge the high ESD current in the proposed ESD 
protection structure. The It2 value of the proposed ESD 
protection element is nearly four times as large as that of the 
simple LDMOS. 
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Figure.9 Snapback TLP-IV characteristics of ESD protection structure 
with the adaptive resurf (Ndrift2 layer)  in the drain region of triggering 
LDMOS
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