RZBP i~ 8

THERE R

Degree Program of Electrical and Computer Engineering

National Yang Ming Chiao Tung University
Master Thesis
g Bl s B Y F T RTEII L D RRF R

Power-Rail Clamp Circuit for ESD and Surge Protection in
FINFET Integrated Circuits
iy 4 k%4 (Ya-Ting Lin)
Ry FPE Kw# (Prof. Ming-Dou Ker)
£ 4% ## (Prof. Chung-Chih Hung)
PEAR - - ER

June 2025



FREARS T FRRTERI P EL R IRRGTER R

Power-Rail Clamp Circuit for ESD and Surge Protection in

FINFET Integrated Circuits

34 k%4 Student: Ya-Ting Lin
th R P ¥ Advisor: Prof. Ming-Dou Ker

N Prof. Chung-Chih Hung

DRI {

TE IS 2

A Thesis
Submitted to Degree Program of Electrical and
Computer Engineering
College of Electrical and Computer Engineering
National Yang Ming Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Electrical and Control Engineering

June 2025

Taiwan, Republic of China

PEAR - - &R



AR BT RTAFPELTARFETR

oy iR ERER P R
R RaR
A TR 4

TE L AR

g

=5 %2 o FINFET $i? 9 4% £ 2 T (ESD )enf it foi8 & T 12/ 4 (EOS)
U AR A 2 BB EE e d 30 F onF AR AT R A 0¥ 5 R 0 FInFET ~
4Rk e EOS F @ endc P a4 o BB AER Y 48 BT ER S E kR
FEEOS chid F it o 2R » AT ERKIY 6 IS BMAERR - ¢ R es s B
&
el

Bfor L8R AL > pU R E &R

ek

B LRBERR K% 25 4T A ek

¥

B A HHCA (HBM) & it 2 o8 i 4 end & 4 47 ek o

@t s > iR SRS (fullysilicide gate-driven) NMOS 5§ 4@ * T 5 Tk
UFR R B O s A A RS SR E 0 TR &Y kT K MR e EOS i
F o £ HE A FINFET @Az ifr > J o M%) > R Ayt e g

L3 0 i R H e A 2

AmT R - AT AR 4 RS A MECE A o R PRRTIRA S &
WA A FINFET 1 k3 AR o b $F W1 T frag ikt - 12 5 21k
FREI R R R L R T AR RMFFE TR & * A 4R T 7 (drain-ballasted)
g R IV LA A 0 X 24 F F e (lightly doped drain) 48~ dm R

ookt MR B R I 0 4 B d HBM Bi o 5Bt d ¢ 5N g Ry AR



TEAP] > U E KRS DT T TR T R B /K 0% 40% o @ T AR

FE IR ER > A RS HBM i 5d 72 6.8kKV 22 j4F 8 4 B v ik 22V

g4 o R gy v F L Bonenia g RNl o RERFFR M A 0 B KR A

FEERE SR AL 4 o

EE o PR T ad R RE A WA MR T R b A
i A ¥ B A A2 BTN . Bl S 0 56 24 @H{ 0 < 2 # ESD
FofUF T R ARl BB T BT F A 0 AT FINFET $tirs- M E A R E - &

T AIATRGE e B AT AT BT D AT e A R E R

S g o SRR RS RIR R A R B2 L o

W ET S (UMC) 14nm FinFET Hjirense 7 B 420 8 17 ig— S @m 1 Hedh op

THAMZE B e B AP BEEOS SR ET B hAAH .



Power-Rail Clamp Circuit for ESD and Surge Protection in

FINFET Integrated Circuits

Student: Ya-Ting Lin Advisor: Prof. Ming-Dou Ker
Prof. Chung-Chih Hung

Degree Program of Electrical and Computer Engineering

National Yang Ming Chiao Tung University

Abstract

The study focuses on achieving a balance design between Electrostatic Discharge (ESD)
robustness and Electrical Overstress (EOS) Surge immunity enhancement for FinFET
technology. FInFET devices become increasingly susceptible to long pulse EOS events due to
reduced effective silicon volume, worse thermal dissipation, and lower breakdown voltage.
Currently, industry practices primarily depend on circuit design methodologies to mitigate EOS
Surge events. However, several critical challenges must be addressed in circuit design,
including design complexity, response delay, and power consumption. To overcome these
issues, this paper provides a comprehensive analysis of strategies to enhance HBM robustness

and Surge immunity at the component level.

Traditionally, a fully silicide gate-driven NMOS has been employed as a power-rail clamp
circuit to enhance Human Body Model (HBM) robustness; however, it is not suitable for
handling long pulse EOS Surge events. Especially, the smaller effective silicon volume in
FIinFET structures makes these devices more vulnerable to such events, resulting in a larger

area of damage.



This paper explores an innovative solution aimed at enhancing Surge immunity while
improving HBM robustness. It achieves a balanced structural design through several design
rules and layout techniques utilizing FInFET technology, along with effective applications to
enhance component robustness. Therefore, a drain-ballasted structure is used in the power rail
clamp circuit to enhance Surge immunity, and a dummy gate with lightly doped drain (LDD)
implantation is introduced to effectively reduce the surface series resistance at the drain, which
helps improve HBM performance. This improvement requires specific design rules to lower the
resistance at the drain and increase the driving current from 0% to 40%. The paper discusses
the critical importance of reducing drain resistance, not only enhancing HBM performance up
to 6.8kV and achieving Surge immunity up to 22V, but also to allow for more efficient uniform
current flow, thereby increasing the driving current and further enhancing the overall driving

capability of the device.

Importantly, these improvements were achieved without the necessity for additional masks
and process steps, simplifying the fabrication process and reducing both manufacturing costs
and complexity. Overall, this approach not only enhances the robustness of the components
against ESD and Surge events but also optimizes their electrical performance, representing a
significant advancement in FinFET technology. The innovative design has entered the patent

application process, indicating its novelty and potential significance in the field.

All data presented in this paper, including experimental results, measurement data, and the
concepts discussed, were obtained through validation processes using United Microelectronics
Corporation (UMC) 14nm FIinFET technology. This verification ensures the reliability of the
data and its relevance to the specific technology studied, providing a solid foundation for the

conclusions drawn from the research.



