Master Thesis
Design of On-Chip Decoupling Capacitor Against CDM ESD and Investigation of
CDM Protection Capability Among Power-Rail ESD Clamp Circuits
HAACARNA BT AT 2L BRFR

AETRTLFHRRE LB ATHAPEL A A A

Yi-Chun Huang (5% F)
National Yang Ming Chiao Tung University,

jal lent43.ee09@nycu.edu.tw

Yi-Chun Huang received the B.S. degree from the Department of Electronic Engineering,
- =) National Chiao Tung University (NCTU), Hsinchu, Taiwan, in 2020. She received the M.S.

degree on the topic of circuit design for ESD protection with the Institute of Electronics,

l \0 , l National Yang Ming Chiao Tung University, Hsinchu, Taiwan, in 2022.

Fe

ThFeAF | EF T RL P AR UL TR B33 AR R PR T LD
EE AR > TEAETALF I F ol MahT R ERTRR o TR IR(Power Supply)
= Tt ¥ 7 Uk s (Power Lines) b d i 4% I #F % (Package) ¢4+ 41 (Bonding Wires) 2. & 4 7 B
(Parasitic Inductance)*t & 2 %7 i /*7 # #2310 (Transient/Switching Noise) 22 # AT o B F 4L * &ir
HIR R E > A AP 4~ 3 48T F (Decoupling Capacitor) ; P » # 7 3x 7 F 2 4
FUMTRTIARA L AL BRE PR 30 L@@ FlfHIRAS REDHES
it & (Gate Oxide) %o ¥~ i & § 5% (Charged- Device Model)# T x § % # praF w3 4 £ 34

%o Kf THAITRESIGT o4 TR g EFIBROI BT F I RZFEI BT FaodeR
F g T AERSHE Y 'l*g’fi €4t TR ;ﬁ}"rﬁ*l # ¥ (Power-rail ESD clamp circuits)# 3 p 8%

THEFLFT T T &P -

BALHT P REA BRATAY F oA LHEHI PRI BT FEAH AL AT
FPEIRTEILAWMIADL TR IPHAR LTS BRI RTELEAILS 2 BT
XHr R RS PR AEZ R AT R H T 2% R (Non-Socket Field Induced CDM ESD
Stressing)i& (T2 « % = 384 A HF P ARV AFHIRLEEF A E LTS F LT RT T RS
T 2y R BARR-FPEFEAL Y FTEFARATHENF R RITPRBEFRE L
IF s 410 = (Stand-Alone) 0 T i ] € B8 (TR -E @ ﬁ%lﬁs‘zlﬂ # (Very-Fast Transmission Line
Pulse)p] 3 %6 £ | H Ap B S licde T 8 o002 = 80 705 (In) > 7 8 ¥ pF P (Voltage clamping-
down time) ¥ %4F34 7 F ST TAFHTHRF AL LT EAF I RLF o gL S -



MEER/3 — LR AT E  DRFHTE S AR AR BT RTE R @R

i

Abstract

Power-line noise suppression and electrostatic discharge protection design have gradually become
the key points that cannot be ignored while chip designing under advanced process technology. The
integrated circuits fabricated in the scale-down CMOS processes are able to operate with a higher clock
rate and lower power supply voltage. Therefore, the power supply sources are more sensitive to the
transient/switching noise induced by the parasitic inductance of bonding wires connecting the power
lines to the package. The most commonly used method to suppress power-line noise is adding on-chip
decoupling capacitors. Meanwhile, electrostatic discharge (ESD) events are very challenging issues for
the reliability of integrated circuits. For the integrated circuit products fabricated in advanced processes,
the circuits are particularly vulnerable to the charged-device model (CDM) electrostatic discharge event
with thinner gate oxide. Not only do cause damage to the main circuits but may also impact the added-
in decoupling capacitors so that the decoupling capacitors are not able to serve the purpose of noise
suppressing. Furthermore, the power-rail ESD clamp circuits will also be added to protect the internal
circuits from failure caused by electrostatic discharge events.

The study can be divided into two parts in this work; the first part of the study is to investigate the
CDM ESD tolerance among decoupling capacitors with different structures. The new design of
decoupling capacitor is proposed to strengthen the CDM robustness and verified with non-socket field
induced CDM ESD stressing. The second part of this work is the research on CDM robustness among
power-rail ESD clamp circuits with different structures. In addition, to be integrated with the main
circuits on the chip and verified with CDM ESD testing, the very-fast transmission line pulse stressing
is performed on the stand-alone splits of power-rail ESD clamp circuits. Through the measurement of
ESD-related parameters such as the secondary breakdown current (I) and the Voltage clamping-down
time of the testing circuits, the protecting capability of power-rail ESD clamp circuits against CDM ESD

events is investigated.
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