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A Study on ESD Protection Circuit with Bidirectional Structure
with Latch—up Immunity due to High Holding Voltage
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Abstract

In this paper, we propose a novel ESD protection device with Latch-up immunity properties due to high holding
voltages by improving the structure of a typical SCR. To verify the characteristics of the proposed ESD circuit, simulations
were conducted using Synopsys TCAD and presented compared to existing ESD protection circuits. Furthermore, the
variation of electrical properties was verified using the design variable D1. Simulation results confirm that the proposed
ESD protective circuit has higher holding voltage properties and bidirectional discharge properties compared to conventional
ESD protective circuits.

We validate the electrical properties with post-design TLP measurements using Samsung’s 0.13um BCD process. And
we verify that the proposed ESD protection circuit in this paper is well suited for high voltage applications in that it has
a latch-up immunity due to improved holding voltage through optimization of design variables.
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Fig. 1. Structure of DDSCR(Dual-Direction SCR).
2l 1, DDSCRe| thH &

LA

HA =29 P- WELLL]‘ N-WELL H3g
2 2 Ags 7HAH o3
EfA dgs 7o
t}. Terminal A%Hell 4] ESD
-WELL% 9] Rp-well®] %4
Qle] Hole=5 ® & At
O—M AEs2 N-WELL
$+7+e] Avalanche breakdown2 ¢
o 71t} o] uj *Mﬂ EHP(Electron Hole pair) %
s Jfe)o]ES Terminal BYre] P+ o= ik
Urka o]&= —Or—f‘ P-WELLY 99| d9dso=
A= Q2 NPNo|] ® & 3to Q13 Q29| Positive
feedback .= A7 & W AIZIth dH| 2 Terminal
B& ESDdZe] A U3 w4482 Q3
Q1 BJT7} Positive feedback &2}sle] dAF5 =
AA 2ok

"U

O =
T =

.

ot

3F

pul

2.2 At ESD RS 3|2
a9 2% AQtE ESD He 3R] "Wy olty,

3]—3’_, Terminal A, Terminal B & €9 P+ &
F7kste] o] @97 Hr|AoRE A4



A Study on ESD Protection Circuit with Bidirectional Structure

with Latch-up Immunity due to High Holding Voltage

P m

P+‘N+‘ P+‘ P+‘ P+.P+ l P+ P+ N+lP+
Ly dh

A

N-WELL
DEEP N-WELL

Rp-well
P-WELL

—ww
Rp-well

P-WELL

P-SUB

Fig. 2. Structure of proposed ESD protection circuit.
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Fig. 3. TCAD Simulation of proposed ESD protection circuit.
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Fig. 4. Simulated DC |-V characteristics of typical dual-SCR
and proposed protection circuit.
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Table 1. TLP measurement results according to design
variable D1.
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