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Abstract— A transient voltage suppression (TVS) diode with
abrupt junctions has been developed using the low-temperature
epitaxy and process technology. The triggering voltage at 6 V
could be precisely controlled by the thickness and dopant
concentration. The reliability of TVS device is confirmed based
on its electrostatic discharge (ESD) strength in conjunction with
the transmission line pulse (TLP) test. As a result, the device
could exceed 28 A TLP, £8 kV MM, and could withstand IEC
61000-4-2 up to £19kV. Moreover, TVS diode exhibited very low
leakage current, small capacitance, fast respond time and high
cut off frequency of 2nA, 60 pF, 8 ps, and 52 MHz, respectively.
TVS diode can be also used for a digital communication line as
well as an ESD/EMI filter attenuating the RF noise in MHz
range.
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I INTRODUCTION

Electrostatic discharge (ESD) is major affects the
reliability of electronic devices. Recent developing of
electronic devices based on ICs are not only increasing data
transmission speed and clock frequency, but become portable
device, battery operation, low power consumption, thin, small,
contain multiple interface connectors, and used touch-screens,
which cause more sensitive to ESD. Therefore, the low
voltage with high stability and reliability ESD protection
devices are required for these applications. TVS diodes are
usually widely used as protecting electronic devices and ICs
from damages of electrostatic discharge (ESD) because of
small size, very low impedances and capacitance [1, 2]. The
reliability and performance of TVS diode is usually confirmed
by low leakage current and ESD strength. The conventional
component level ESD test methods such as human body model
(HBM), machine model (MM), and charge device model
(CDM)) don’t guarantee good component level behaviors [3,
4]. The meanwhile, transmission line pulse (TLP) systems
have been used to evaluate the ESD behavior of silicon
devices and integrated circuits [5, 6], and accepted as ESD test
standard of the semiconductor industry [7, 8].

Therefore, in this work, we purpose to develop a high
performance, reliability and low voltage TVS diode. The
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device performance and reliability are evaluated using MM,
IEC 6000-4-2 (also called IEC) and TLP testing method.

II.  EXPERIMENT

The p-type (100) Silicon wafer with resistivity of 0.003
Q-cm were used as starting material. A TVS diode has a
planar junction with an abrupt distribution of dopant profile
(gradient 10 ~ 5x10% cm™) at epitaxial grown junctions of
p++(B’ ~1020

frequency of 100 MHz. The ESD property was first anal
using the NoiseKenESS-6008 model as MM and the |
2000 with a discharge gun TC-815R as IEC simulator.
ESD immunity test requires at least 10 discharges of
positive and negative polarity. The TLP property was anal
using the Barth TLP 4002 system, positive TLP with j
width of 100 ns and pulse rise time of 2 ns was applic

device.

III. RESULT AND DISCUSSION

The TVS diode has breakdown voltage of 6 V (at |
that could be precisely controlled by the thickness and dc
concentration. Fig. 1 shows I-V curves of the TVS c¢
measured at various temperatures which range from 300
400K, the reverse leakage current increases as the temper:
increasing. The temperature coefficients of the breakc
voltage (Vg) and the leakage current obtained from the de

W

ere ~1 mV/K (at 1pA) and 0.12 nA/K (at -4 V). These are
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Figure 3. (a) Differential resistance of TVS diode, and (b) the C-V
measurement at 100 kHz.

In addition, the cut off frequency act as important
parameter in communication application, The cut off
frequency could estimate from equivalent circuit as shown in
Fig. 4, the output signal given as
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where Z is network impedance (usually Z =50 Q), Ry is
dynamic resistance of device (€2), Vi, is input signal (V), and
X is resistance of capacitance (QQ). The cut off frequency fc is
defined as the signal strength reduced by 3dB which means

Vout /Vin =1/V2 . Hence, the cut off frequency, fc given as
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by replacing Z = 50Q2, Ry= 0.13 Q and C = 60 pF, the cut off
frequency is derived as f.= 52 MHz. The estimated f, confirms
that the TVS diode can be used for a digital communication
line as well as an ESD/EMI filter attenuating the RF noise in
MHz range.
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Figure 4. Equivalent circuit for the cut off frequency derivation.

The experiment results reveal our TVS diode is an
excellent TLP and ESD strength. Such advantageous features
are very useful for the AC electricity products like the lighting
device assembled with the serial connection of GaN LEDs in
particular. Never the less our device shows ESD strength up to
19 kV IEC which can be equivalent to 63 kV HBM and 31 A
TLP (600 VIEC =2 kV HBM = 1 A TLP [3]). Moreover, fast
responds time, high cut off frequency which suitable for high
reliability and speed application. In addition, small die
(140pumx140um) is appropriate for portable equipment.

IV. CONCLUSION

A TVS diode developed using the LT epitaxy and
process technology presented ESD and TLP strength with
triggering voltage of 6 V and the leakage current <1 nA. Both
high performance and reliable operation properties are
attributed to the dynamic resistance 0.13 Q and the
capacitance 60 pF, which leads to the cut off frequency of
52 MHz. The TVS diode demonstrated promising ESD

features for various high performance applications.
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