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Abstract

A novel ESD protection circuit, which first combines the
advantages of complementary low-voltage-trigger SCR
devices and the gate-couple technique, is proposed to more
effectively protect the thinner gate oxide of deep submicron
CMOS IC’s without adding extra ESD-implant mask.
Experimental results have verified its excellent ESD-
protection capability.

Introduction

In deep submicron CMOS technologies, the advanced
processes such as thinner gate oxide, shorter channel length,
shallower drain/source junction, LDD structure, polycide,
and silicided diffusion, much degrade ESD robustness of
CMOS IC’s [1]-[2]. Recently, there are three approaches to
improve ESD robustness of submicron CMOS IC’s. One is
to add an extra mask of “ESD implant” into the process flow
to make a stronger structure for input/output devices [3]-[4].
But, the cost of chip fabrication is increased. Another
approach is to adopt the “gate-couple” technique to achieve
uniform power distribution among the multiple fingers of
output NMOS device. This technique has been reported to
effectively improve ESD reliability in submicron CMOS
technology [5]-[7]. Due to the inherent capability of high
power delivery, the lateral SCR device had been used as a
main protection element to bypass ESD stress. Experimental
results have shown that the lateral SCR device can sustain
highest ESD stress within smallest layout area as compared
to other traditional ESD protection elements [8]. Thus, the
third approach is to use low-voltage-trigger lateral SCR
(LVTSCR) devices to protect submicron CMOS IC’s [9]-
[10].

Moreover, in deep submicron CMOS technology, the
thickness of gate oxide is scaled down to be thinner [2]. This
much thinner gate oxide is more sensitive to ESD stresses.
For ESD protection of input pad, gate-grounded NMOS
device is often used as the seccondary protection element to
clamp ESD voltage to the gate oxide of input devices by its
drain snapback breakdown. But, the voltage margin between
gate-oxide breakdown and drain snapback breakdown is also
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much reduced in deep submicron CMOS technology.
Therefore, the thinner gate oxide may be ruptured by ESD
voltage before drain of secondary-protection NMOS into
snapback breakdown. To overcome this issue, a gate-couple
technique has been reported to successfully lower drain
snapback-breakdown voltage of protection devices to
effectively protect the thinner gate oxide of 90 +10A in a
0.5-um 3-V CMOS technology [11].

In this paper, a novel ESD protection circuit, which
combines both advantages of complementary-LVTSCR
devices in highest ESD protection capability within smallest
layout area [10] and the lowered drain snapback-breakdown
voltage by gate-couple technique [11], is first proposed to
more effectively protect the thinner gate oxide of deep
submicron CMOS IC’s without adding extra ESD-implant
mask.

The Proposed ESD Protection Circuit

A. Circuit Configuration and Device Structures

Fig.1 shows the proposed ESD protection circuit with its
corresponding schematic cross-sectional view shown in
Fig.2. A practical layout example is shown in Fig.3. In Fig.1,
there are one PMOS-trigger lateral SCR (PTLSCR) device is
arranged between pad and VDD, and one NMOS-trigger
lateral SCR (NTLSCR) device is arranged between pad and
VSS. PTLSCR and NTLSCR are made by inserting a short-
channel PMOS (Mp1l) and NMOS (Mn1) into lateral SCR
structures to lower their trigger voltages, respectively. The
trigger voltage of PTLSCR (NTLSCR) is equivalent to the
drain snapback-breakdown voltage of Mpl (Mn1) [10].

But, in deep submicron CMOS technology with much
thinner gate oxide, the drain snapback-breakdown voltage
could be near to or even higher than the gate-oxide
breakdown voltage. Thus, the gate-couple technique [11] is
used to much lower the ESD-trigger voltage of PTLSCR and
NTLSCR to effectively protect the gate of input stage in
CMOS IC’s. The gate-couple technique is realized by the
coupling capacitor Cp (Cn) for PTLSCR (NTLSCR). In
Fig.3, Cp (Cn) is realized by a poly layer right under the
metal pad without increasing total layout area. By modifying
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the overlap area between poly layer and the metal pad, the
capacitance of Cp (Cn) can be adjusted.

B. Operating Principles

Since ESD voltdges may have positive or negative
polarities to VDD or VSS pins, there are four modes of
ESD stresses at each pin of a CMOS IC :

(1) PS mode: positive ESD voltage occurs to a pin with
relatively grounded VSS pin but VDD pin is floating;
(2) NS mode: negative ESD voltage occurs to a pin with
relatively grounded VSS pin but VDD pin is floating;
(3) PD mode: positive ESD voltage occurs to a pin with
relatively grounded VDD pin but VSS pin is floating;
(4) ND mode: negative ESD voltage occurs to a pin with
relatively grounded VDD pin but VSS pin is floating.

In ND-mode (PS-mode) ESD stress, there is some
negative (positive) ESD-transient voltage coupled to the
gate of Mpl (Mnl) through the capacitor Cp (Cn). This
coupled negative (positive) voltage on the gate of Mpl (Mn1)
can much lower its drain snapback-breakdown voltage {11].
As the drain of Mpl (Mn1l) is broken down, PTLSCR
(NTLSCR) will be triggered on to mainly bypass ESD
current. When PTLSCR (NTLSCR) is triggered on, its
holding voltage is only around -1~-2V (1~2V). The negative
(positive) ESD-stress voltage on the pad is clamped to
around -1~-2V (1~2V), so the thinner gate oxide of input
stage in deep submicron CMOS IC’s can be fully protected.
With suitable design on capacitor Cp (Cn), the ESD-
transient voitage coupled to the gate of Mpl (Mn1l) can be
controlled so as to adjust the ESD-trigger voltage of
PTLSCR (NTLSCR) for different practical applications.

In NS-mode (PD-mode) ESD stress, the parasitic diode
D1 (D2) is forward biased and turned on to bypass ESD
current from the pad to VSS (VDD). The negative (positive)
ESD-stress voltage on the pad is clamped to around -0.6~
-0.8V (0.6~0.8V), so the thinner gate oxide of input stage in
deep submicron CMOS IC’s can be also fully protected.

In normal CMOS operating conditions with VDD and
VSS power supplies, the Mp2 (Mn2) with its gate connect-
ed to VSS (VDD) through a resistor Rp (Rn) is used to turn
off Mp1 (Mn1). The voltage level of input signals on the pad
is also clamped, by the parasitic diodes D1 and D2, between
VDD+0.6V and VSS-0.6V. Thus, PTLSCR and NTLSCR
are guaranteed to be off in normal CMOS operating
conditions.

Experimental Results

Experimental test chip has been fabricated by a 0.6-um
CMOS technology. A microphotography of a pad with the
proposed ESD protection circuit is shown in Fig.4, which is
corresponding to the layout of Fig.3. ESD testing results are
summarized in Table I, where a conventional CMOS ESD
protection circuit formed by PMOS and NMOS of

W/L=500/1.2 (um) is also made and tested as a reference for
comparison in the same test chip. It is shown that this
proposed ESD protection circuit can sustain up to 5750 V of
human-body-mode ESD stresses in a smaller layout area,
but the ESD failure threshold of conventional CMOS ESD
protection circuit is only 1200 V even with much larger
layout areca. This verifies the excellent ESD-protection
capability of the proposed ESD protection circuit.

Fig. 5 shows the measured I-V curves of PTLSCR as the
gate of Mp1 is applied with different negative voltage. Fig. 6
shows the measured I-V curves of NTLSCR as the gate of
Mn1 is applied with different positive voltage. The effect of
trigger voltage of PTLSCR (NTLSCR) lowering by the
coupled voltage on the gate of Mpl (Mn1) is shown in Fig. 7
(Fig.8). The larger (in absolute value) voltage coupled to the
gate of Mpl and Mnl, this leads to the lower trigger voltage
of PTLSCR and NTLSCR. The voltage coupled to the gate
of Mpl Mn1) in order to trigger on PTLSCR (NTLSCR)
can be adjusted by the capacitor Cp (Cn).

A negative (positive) voltage pulse is direct applied to
the pad with relatively grounded VDD (VSS) to find the
ESD-trigger voltage of the gate-couple PTLSCR (NTLSCR)
in ND-mode (PS-mode) ESD-stress condition, and the
measured voltage waveform is shown in Fig.9 (Fig.10). It is
found in Fig.9 (Fig.10) that a negative (positive) voltage
pulse of -7.562 (7.031)V can trigger on the gate-couple
PTLSCR (NTLSCR), but the dc trigger voltage of PTLSCR
(NTLSCR) is as high as -16.80 (13.24)V. This verifies the
efficiency of gate-couple technique to lower the ESD-trigger
voltage of PTLSCR and NTLSCR, so this proposed ESD
protection circuit can effectively protect the thinner gate
oxide of input stage.

Conclusion

From above experimental verification, this proposed
ESD protection circuit is very suitable for deep submicron
CMOS IC’s in low-voltage (with thinner gate oxide), low-
cost (without ESD implant), high-density (within smaller
layout area), high-speed (minimum input delay), and high-
reliability (high ESD failure threshold) applications. This
proposed ESD protection circuit is also suitable to
effectively protect the output pad of deep submicron CMOS
IC’s.
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Fig.2  Schematic cross-sectional view of the gate-couple
PTLSCR and NTLSCR devices.
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Fig.4 A microphotograph of a test pad corresponding

to the layout of Fig.3.
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