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Abstract

1 In CMOS ICs, it Is a challenging topic to effectively
Improve ESD robustness with limited layout area.

1 In this paper, the power-rail ESD clamp circuit with
BIGFET clamp device has been designed and
fabricated in a 0.13-nm CMOS technology to
Investigate the impacts of some circuit and layout
parameters on its ESD robustness.

I The measured results reveal that there is an
optimized RC time constant to get better ESD
robustness from the power-rail ESD clamp circuit.
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Technology Road Map

1 Rapid decay of the L
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1 The ESD design
window of input gate
oxide protection is
dramatically narrowing
down.

GOX thickness [nm]

Ref.: M. Mergens, et al., “ESD protection circuit design for ultra-sensitive 10 application in
advanced sub-90nm CMOS technologies,” in Proc. of ISCAS, 2005, pp. 1194-1197. 5



Power-Rail ESD Clamp Circuit

I ESD detecting circuit
can distinguish the
difference of the raising
edges between power-
on and ESD-stress
conditions.
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1 ESD clamp device is
designed to conduct
huge ESD current
during ESD events.




i1 surface channel of NMOS

ESD Clamp Device

In this work, the ESD
clamp device was
Implemented by a
NMOS transistor with a
large channel width,
also called as BIGFET.
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Such device has two
conduction paths:

1 parasitic npn BJT in NMOS



ESD Detecting Circuit

I ESD detecting circuit is composed of RC and
Inverter string.

I The sizes of the inverter string were gradually
Increased.

ESD [Detecting
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RC Time Constant
HBM pulse width is about 100 ns (half-energy
period).

RC time constant was designed at 0.1~1 ns.

RC time constants of 0.1 ns, 0.5 ns, and 1.0 ns are

Investigated in this work.
Human Body Model puise
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Device Layout of BIGFET
1 L=0.18 nm, W,,,,= 2000 nm.

total

I Sy IS splitas 0.22 nm, 0.33 nm, and 0.44 nm in the
test chip fabricated in a 0.13-mm CMOS Process.
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Simulation (1/2)
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Simulation (2/2)
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Measurement Setup for Turn-On Verification

1 Power-on : al.2-V ramp voltage with rise time (tr)
of 1 ms.

1 ESD-like Event : a 3.0-V voltage pulse with tr=5 ns.

Pulse
Generator

ESD
Detecting Circuit
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Measured Results of Turn-On Verification (1/2)

1 During normal power-on operation, the voltage
waveform across the ESD clamp circuit follows
the power-on waveform generated from power

supply.
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Measured Results of Turn-On Verification (2/2)

1 For ESD-like event, ESD clamp circuit can clamp
the overstress voltage pulse and the turn-on
duration is longer when ESD detecting circuit is
designed with larger RC time constant.
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TLP Measured Results (1/2)

I The BIGFET drawn with a large Sy, performs a
lower turn-on resistance.
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TLP Measured Results (2/2)

I For agiven Sy,= 0.44 mm, there Is an optimized
result in the testkeys among three kinds of time
constants.

I When RC=0.5 ns, the turn-on resistance of clamp
circuit is the lowest one and It2 is the highest one.

RC time constant
® 0.1ns
® 05ns
A 10ns

SOI =0.44 nm
g
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HBM ESD Robustness

RC Time

Constant

Syqg=0.44 mMm

Sgg=0.33 MM

Sgq=0.22 MM
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0.1 ns

7.5 kV

7.5 kV

6.5 kV

7.5 kV

5.5 kV

7.5 kV

0.5 ns

>8.0 kV

>8.0 kV

7.0 kV

>8.0 kV

5.5 kV

7.5 kV

1.0 ns

7.5 kV

>8.0 kV

5.5 kV

>8.0 kV

4.5 kV

7.5 kV
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Discharging Paths under ESD Stress

1 Vp-to-Vgs(+) : surface channel & npn BJT

1 Vp-to-Vgs(-) @ parasitic diode
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Conclusions

1 Although the layout area is increasing with larger
Sqq: the effective improvement on ESD level is
more beneficial to on-chip ESD protection design.

1 From TLP measured results, the clamp device
(BIGFET) drawn with larger Sy, indeed performs
lower turn-on resistance.

I There is an optimized value on RC time constant
for using in the ESD detecting circuit.
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