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Abstract - Radio Frequency Identification
(RFID) has become an important wireless
data communication tool in recent years. As
much as we want to ensure data integrity and
the robustness of the RFID transponder,
Electrostatic Discharge (ESD) influence on the
transponder can jeopardize it. Current
practice put the ESD protection in the
package. However at pad level, the ESD
protection is usually small dimensioned to
reduce input capacitance. Hence extra ESD
protection co-constructed at internal circuit
VDD-VSS rail is necessary in advanced
process due to thinner gate oxide. In this
paper, we have developed an internal ESD
protection circuit and implemented it in our
previously developed 13.56MHz RFID
transponder employing TSMC 0.18,um
process. The circuit has a capability to sustain
2-KV of HBM positive mode ESD voltage,
which is suitable for RFID applications. The
additional power consumption for the clamp
circuit is only 15.12nW.

I. INTRODUCTION

Radio Frequency Identification (RFID) is an
important data communication tool due to its
contactless technology and the ability of its
transponder to be rewritable, having large
memory capacity and able to withstand visually
and environmentally challenged conditions. Just
like many electronic devices, the RFID
transponder is no less vulnerable from the
Electrostatic Discharge (ESD) damages. ESD is a
transfer of energy between two materials of
different electrostatic potential. For example,
human can transfer the ESD to the chip he/she is
holding from touching a chair. While ESD can be
potentially eliminated during manufacturing

process by taking stringent measures in the
whole production of the tag [1-4], it is not easily
avoidable in real life application. As the RFID
transponders are progressively used in logistics
and retails, it is exposed to a lot of human
touches. Therefore, the ESD protection of these
transponders is vital.

Nowadays, many manufacturers put the ESD
protection in the package. However at pad level,
the ESD protection is usually small dimensioned
to reduce input capacitance. This is why extra
ESD protection co-constructed at internal circuit
VDD-VSS rail is necessary in advanced process
due to thinner gate oxide.

There were some discussions and works [5-9]
done to improve power rail ESD robustness in
the mixed-signal circuits. Most ESD protection is
usually accomplished by using various types of
clamp devices to shunt the electrical charge away
from internal circuits before over voltage damage
can occur. The clamp designs can consist of
diodes and/or MOSFETs. Works by Ming-Dou
Ker, Kei-Kang Hung et al. [5] shown in Figure 1
and 2, use the power-rail ESD clamp circuit with
stacked gate-grounded diodes and also the gate-
triggered diodes. The gate-triggered design
proved to have a higher ESD robustness and
faster turn-on speed compared to the gate-
grounded design as shown in Figure 3, due to the
existence of the RC-based detection circuit.
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Figure 1 ESD clamp with gate-grounded diodes [5]
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Figure 4 ESD clamp with RC-based detection circuit
to control the NMOS and PMOS-bounded diode [6]
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Figure 2 ESD clamp with gate-triggered diodes [5]

Figure 3 Comparison results of the gate-grounded
and gate-triggered diodes [5]

Improvement by Ming-Dou Ker and Che-
Hao Chuang [6] has a PMOS (NMOS) inserted
into the diode structure to form the PMOS-
bounded (NMOS-bounded) diode as shown in
Figure 4 and 5, which is essential to block the
field oxide isolation across the p/n junction in the
diode structure. Thus, the PMOS/NMOS-
bounded diodes can sustain much higher ESD
stress, especially under the reverse-biased
condition.

vss vss
Figure 5 ESD clamp with gate-coupled technique to

control NMOS and PMOS-bounded diode
[6]

From the tests shown in Figure 6, the PMOS
(NMOS)-bounded diodes have much higher ESD
tolerance than the normal diodes and poly-
bounded diodes. However, ESD clamps using
gate-grounded NMOS has higher tolerance to
ESD levels than the MOS bounded diodes. The
only drawback of the gate-grounded NMOS
would be the non-uniformity turned-on due to
multiple fingers that could occur.
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Figure 6 Comparison of various ESD clamps [6]

Other kinds of ESD clamps using MOSFETs
are the NMOS gate-driven clamp design [7-8]
and substrate-triggered clamp design [9]. The
latter design is developed by Ming-Dou Ker et al.
which consists of a substrate-triggering field
oxide device (STFOD) as a replacement for the
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NMOS. Figure 7 shows the device structure of
STFOD.

Figure 7 Substrate-triggered clamp design (STFOD)
[9]

It is reported to perform better, in terms of
layout area and efficiency, compared to the
NMOS clamp. However, none were implemented
for the RFID IC Transponder. In our work, we
use gate-driven technique employing NMOS as it
is simpler and very suitable to work under a 2-
KV Human Body Model (HBM) positive mode
ESD voltage. The clamp is implemented
throughout a 13.56MHz RFID transponder. The
RFID transponder had been developed in this
project previously. The 2-KV Human Body
Model (HBM) positive mode ESD voltage is
used as a reference point to test the effectiveness
of the protection circuit. 2-KV HBM is the
commercial IC product ESD level.

The following section introduces the
architecture of the mentioned ESD protection
circuit and its implementation in the RFID
transponder. Section III shows the results when
we applied a 2-KV Human Body Model (HBM)
positive mode ESD voltage pulse to the ESD
protected circuit and some discussions. Finally,
section IV shows the conclusion.

(M2); and an NMOS (MI) to bypass the ESD
voltage to the ground.

Figure 8 VDD-to-VSS ESD clamp circuit
employing gate-driven NMOS

The clamp is designed to be turn on only
under the ESD stress conditions but kept off
under normal operating conditions. The resistor
and capacitor are set to 0.1 pIs to differentiate and
detect the transient ESD voltage from the useful
VDD. Initially, the nodes Vx and Vb are OV.
The ESD voltage across the VDD power line will
then charge the capacitor to rise up to the voltage
of Vx. Since the HBM ESD voltage with 2-KV
charge has a rise time of about 5-IOns, the
voltage level of Vx is increased much slower
than the voltage level on VDD line. Due to the
delay in voltage increase on Vx, M2 is biased by
the ESD voltage and sends a voltage into node
Vb to turn on MI. As long as the voltage on the
node Vb is greater than the threshold voltage of
the transistor, MI is turned on and it will provide
a short circuit path between the VDD and the
ground. Under normal operating condition,
VDD has a rise time in the order of 3 is. With
such rise time, the ESD clamp with RC of 0.1pIs
will be able to keep Vb with OV voltage level.
Therefore, MI is kept off throughout the normal
operating condition.

II. ARCHITECTURE

The idea of the ESD protection circuit is to
clamp existing ESD voltage on the VDD power
line in the circuitry to the ground so that ESD
pulses will not enter the main circuitry and
damage it. Figure 8 shows the circuit of the
VDD-to-VSS ESD clamp using the NMOS gate-
driven technique. The clamp consists of a
transient detection circuit which is the resistor
(R), source-drain grounded NMOS acting as a
capacitor (C), an NMOS (M3) and a PMOS
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Figure 9 Implementation of ESD

transponder IC

clamps on the

clamp circuit had successfully diverted the

large current to ground, and avoid damage to

the circuit.

FiigureI10 ESD transi-ent pulse at 2000V w-ith the

corresponding Vb

Figure 9 shows the implementation of the

clamps to the entire RFID transponder

architecture. An ESD clamp is assigned to each

building block that is connected to VDD. It is not

necessary to include the ESD protection circuit in

the RF front end as they will be taken care off by

the standard input and output pad ESD protection

since in our work; we only concentrate on the

VDD-VSS ESD protection.

Figure 11I shows the circuit performance

under the nonmal condition. As the stimulus, we

add a pattern with a 20[ts fall time to represent

VDD without the influence of the ESD pulse. Vb

is kept almost zero. The ripple occurred shows

that it is below the threshold voltage of the

transistor, therefore MI is kept off the whole

time. No current is bypassed to the ground.

There are in total 8 ESD clamps. The ESD

clamps are inserted in very near to each building

block because VDD is the main voltage source

and it is generally spread out in the entire

transponder IC. This is to ensure the efficiency of

the ESD protection circuit as longer power lines

can cause a time delay to discharge ESD voltage

through the ESD clamps [7].

RiESULTS AND DISCUSSION

We use the Mentor Graphic Design

Architect for the schematic entry and Eldo as

the simulator. The transponder and proposed

ESD clamps are all done according to TSMC

0.18[Lm Mixed Signal SALICIDE (1P6M,

1 .8V) process. After implementing the ESD

clamps into the transponder, we simulate the

circuit with two conditions. First, we add a 2

kV, 400ns pulse with a rise time of IOns to

the VDD. This stimulus acts as the ESD

pulse that could occur on the power line.

Figure shows the circuit performance. We

can see that Vb starts to increase slowly with

its voltages above the threshold voltage

when the 2 kV is fed to the ESD clamp. At

this time, we observed that MI is turned on.

This shows that the VDD-to-VSS ESD

Figure ESD transient pulse at 7V during normal

operation

The power consumption of the transponder

circuit with the clamps is 1.2344405mW while

the power consumption of the transponder circuit

without the clamps is 1.2344253mW. The

difference is about 15.1 2nW.

IV. CONCLUSION

We have developed an internal ESD

protection circuit and implemented it in the

previously developed 13.56MHz RFID

transponder employing TSMC 0.1 8um process.

The circuit has a capability to sustain 2-KV of

HBM positive mode ESD voltage, which is

suitable for RFID applications. The power

consumption with the clamp circuits is only an

904

Voltage Regulator
Rectifier

RF(ounter Addrss Counter

Load
modulator

Clock
Extractor T

ROM with
Frequency T row.iand
Divider clm

decoder

0Building blocks Manchester
Encoder

ESD lamps



ICSE2006 Proc. 2006, Kuala Lumpur, Malaysia

addition of 15.12nW, which shows successful
power efficient design.
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