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A Study on SCR-Based ESD Protection Circuit with PMOS
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Abstract

In this paper, the electrical characteristics of Gate grounded NMOS(GGNMOS), Lateral insulated gate bipolar
transistor(LIGBT), Silicon Controlled Rectifier(SCR), and Proposed ESD protection device were compared and analyzed.
First, the trigger voltage and holding voltage were verified by simulating the I-V characteristic curve for each device.
After that, the robustness was confirmed by HBM 4k simulation for each device. As a result of HBM 4k simulation, the
maximum temperature of the proposed ESD protection device is lower than that of GGNMOS and GGLIGBT and SCR,
which means that the robustness is improved, which means that the ESD protection device is excellent in terms of
reliability.
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1. GGNMOS (Gate Grounded NMOS)
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Fig. 1. Cross section view of a GGNMOS.
a2 1. GGNMOSe| e

a9 12 GGNMOSe| "dixEs HojFa )
GGNMOS 7]¥2] MOSFET +%& 7|uto 2 g
Eojx ESD BaiAz Alojel A)zho]
al7] wistoll 7hd WIMaAl 22ola 9l FFolth
GGNMOS9 &+ Gate®} Source ¥ Body=
Ground®ll 91Z23}3l Draine vt & sfj= FEo o
Ak Fzolt}. GGNMOS? &8 = Self bias
# 7] NPN bipolar junction transistor(BJT)2] %
2o 2 Mrel 4= 9lal Drainttol]l ESD AF7F 217}
™ Drain¥ Body A}le]e] Avalanche breakdown
o] ¢Jaj4 Base {77} A= Bodyel Hts
A 71t Body 9] ¥ Aeto] Body$t Source
Alolo] EA3F= PNE &9 Built in potential Bt}
oA HES Forward bias ¥ Al Drainto
2R <7Fd ESD A/ E Sourcez WHWA
t}. 714 NPN BJT7} Hole Aol 98} Turn-on

¥ 7] vp2 F A x| H& Triggering pointzhil 3}
aL o] Ao AFek AekE ERA AFe EYA
A tolgta 3t} 7] A NPN B]T7]- A3 =2
Hore ] oA TR A Eata zto] 7HAGEH
Negative resistance 73S A3t ojuje 713
e ASkE Ed Aol FEH oF VA
BJTE &34 ESD A7k U5 7AAH ESD B
Aol =7 AR AseHA ESD Beaat
7} Thermal failure¥ t}.

e r

2. GGLIGBT (Gate Grounded LIGBT)
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Fig. 2. Cross section view of a GGLIGBT.
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3. SCR (Silicon Controlled Rectifier)
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Fig. 3. Cross section view of a SCR.
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Fig. 5. I-V curve of GGNMOS and GGLIGBT and SCR
and proposed ESD protection device.
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Fig. 6. HBM 4k Simulation of GGNMOSFET and GGLIGBT
and PMOS inserted Circuit.
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