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Low-Loss 1/0 Pad with ESD Protection for
5th Generation Wireless Systems

BihEfE HFHEIEFE&X Spring ESD Protection

B R @0l /| SEEsEASREE TIEMRAA

B B BEIE /| SEEsEARER TIEMRAA
WER /| SEENFEAS2EL TIEHRA

R

PEEZERENEE - THMR T RIBMER - AlLIR T BRER
OJFEHE ENERENERBMIENKETE  H
HEFEME (Electrostatic discharge, ESD) B 2EMRE
R BENA EREE ERUEEMNENXPNREE
R - EAERERNBEERMTTENEY - SREENFERS
tREEZHEE BERE - EEEX  BERNEEE
BHECRE  REARENSESEREYIE » EZEHH
EMNERIENERIFIEERNTY - BENEWESHIERE
ERNEETERTIBHIIZRAERX - BFBELSENERE
5087 - M I ERETERMIFEMNSATE - 1558
ERVDARBHEMNENEEL » JEEMRMIEREED
BERAIELR - GBI AEERERR LENSLILRITEE
PSR R E DB R EMERIEAIRERE » AR » #
ERAENERMETEE ML TR UZEIREHEER -
PRI AESDRIETTHBESV IR R SR EENIRTE - EF5:E
TTHFESESENEE X EARNMER - HRIEETHNS
TESHREMTESIEERNRERTE » WSEERNIE
K BABRNIEES  ERUERRIVER - &%
B~ R ~ AKE R ~ HERE - AR/VREFFT RT3
B EnEET I EAE  WEREESEBEHERERRIIFEK -
BIREEEERCRT » EEESENEXKLEE - BEl
BRI BRI ET] - B5TENEARM (5th generation
wireless systems) » BLLAGIR100BAVEEHEE » BKRAY
B8 ~ BIEBEFE - BIEEFESD - K-band (18-27GHz)

HiKa-band (27-40GHz) RESNITENEARMAIBRIET
Z— » SAMESDRERET MBS BN ER S SENES » U
RETHARENSEETHEERER - SESIBEERK
B2 - RILAHRIEE T FEEIERERRIERFEN
EEY - EBESMESDM 2 E RSN E T PTEN
MR EESE » FEERIRK/Ka-bands ° {E#f/FERE

EBINERT 180 KCMOSHEIZM » fE= HIFE RIS B LR
O EFREEMEEE RS EAREK/Ka-bands » It
N BEBENEMZEAR » BREFERSTAVSESDM
ZE (HBM>8kV) - RBBIRSERAEE2KY - EBEER
BIE -

@ 2018 HRESHE L SR EE A AR

Traditional structure
B1. ERERERSENENE _ Mg mEsE

#4 Tonigh-

Pt lndu:_tor
spacing
1o
pad
Ei—
Wetal 6 i
spacing
- Inner
radius
Hind
width

Metal-5, Metal-4, and Metal-3

Inductor
spacing

Inductor
width

=3

™ ... Inductor
N spacing

7 Inner
| ... radius

b=
Inductor
/ width

Metal-5, Metal-4, and Metal-3

Proposed structures
B2, FTER B R ENEE_ AR 2 EEE

—
N%

ESHIR

MEEE
SEMEASBRITIESR

BHRDIEEFRE -
WHZEraE

e> Abstract

Electrostatic discharge (ESD) is the most important
consideration for the reliability of integrated circuits (ICs).
The ultra-short channel length, ultra-thin gate oxide, and
ultra-shallow junction seriously degraded the ESD robustness
of ICs in nanoscale CMOS processes. The characteristics
of circuits after ESD damage are irreversible. In order to
increase the product yield and reduce the ESD damage, the
ESD protection devices must be added in the ICs. Adding
the ESD protection devices at input/output (//O) pad can
increase the circuit reliability. However, the parasitic effects of
ESD protection devices will affect the circuit characteristics. In
particular, the parasitic capacitance of ESD protection devices
will seriously impact the high-frequency response of circuits,
such as the signal loss from the 1/O pad to ground. In order
to effectively protect the circuits from ESD damage without
losing the original characteristics, the parasitic capacitance of
ESD protection devices must be minimized. The K-band (18-
27GHz) and Ka-band (27-40GHz) are used in radar, broadband
satellite, and 5G mobile communication systems. However,
designing ESD protection devices is quite difficult in gigahertz
bands. The parasitic capacitance of the ESD protection
devices is one of the most important considerations for high-
frequency applications. In addition, the parasitic effects of the
I/0 pad should also be taken into account. If these undesirable
effects cannot be eliminated, the circuit characteristics will be
distorted. The diode is often used as an ESD protection device
because of the high current-discharging capability and the low
turn-on voltage. In previous studies, in order to reduce the
parasitic capacitance of ESD protection diodes, several special
layout styles of diodes were proposed. However, the parasitic
capacitance is limitedly reduced by adjusting the layout
patterns of diodes. Therefore, this study presents two novel
I/O pads with ESD protection dual-diodes to effectively reduce
the signal loss and provide high ability of ESD protection.
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The traditional 1/O pad and proposed low-loss I/O pads
have been compared in a 0.18 um CMOS process for K/Ka-
bands applications. The ESD protection design in I/O pad is
an important consideration to have sufficient ESD robustness
without losing the original characteristics of high-frequency.
The measurement results confirm that the proposed structures
have high ESD protection capability and lower signal loss than
the traditional structure. Besides, the stacked inductor and
dual-diodes are designed under the top metal plate to save
chip area. The proposed low-loss I/O pads with ESD protection
can achieve better performance for K/Ka-bands applications.
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Fig.3 Proposed ESD protection scheme with stacked inductor and
dual-diodes at I/0O pad for high-frequency circuits
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Fig.4 Measured signal losses of traditional and proposed structure
with ESD protection diodes (Width=80um)
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