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Abstract

This study examines the susceptibility of hot-carriers effects on n-channel MOS devices including the physical characteristics and the currents model, especially, the substrate current. The prevention of hot-carrier effects in challenging, meanwhile, the enhancement of MOSFETs performance in VLSI circuits by scaling down the device geometry will be limited by the hot-carrier effects. This trend is especially true for the integrated circuits deveolped toward the submicron technology. The substrate current generated devices will result in a serious performance degradation in VLSI circuits. In order to guarantee the long-term reliability of VLSI circuits, we need an accuracy substrate current model in simulation tools to monitor and avoid degradation during IC operation.

In our study, we characterize the temperature and stress dependence of the substrate current, and will present a complete substrate-current model which is suitable for both room temperature and liquid-nitrogen temperature operations. The impact ionization phenomenon as well as the temperature and voltage dependence of saturation voltage are also investigated. A number of DDD samples are presented to justify our new substrate current model. The theoretical results are found in good agreement with the measurement data and the average error is less than 7%.

Introduction

The hot-carrier injection and its associated device degration are very important in VLSI MOS device. In recent years, the MOS device feature size has been scaled down to 1μm or even to submicrometer dimension. The hot-carrier effects would become more and more aggregated and result in device degradation such as a degradation of transconductance (Gm), a threshold voltage shift ((Vt) and an increasing of substrate current [1]. Base on the above reasons, the hot-carrier effects play an important role in the MOS technology evolution. Therefore, an adequate engineering technique and device structures must be used to prevent the hot-carrier effects, such as LDD, DDD and GOLD (Gate-Drain Overlap Device) drain engineering structures [2-3].

In this work, we will concentrate on the study of substrate current characteristics which is influenced by the environment temperature. Particularly, we will play attention to the low-temperature operation. In order to gain insight into the degradation process and the substrate current characteristics, we use n-channel MOS devices with DDD structure to sense the change of substrate current during the hot-carrier stress at 300K and 77K. Furthermore, we will distinguish the electric characteristics between prestress and post-stress conditions.

Design Outline

The high energy (“hot”) electrons will cause the MOSFETs degradation which were due to electrons trapping in the oxide and/or interface state generation. Therefore, it will result in a threshold voltage shift, mobility degradation and series resistance increasing. The hot-carrier injection and avalanched breakdown from the substrate current (Isub) and the gate current (Ig) which will induce a snap-back breakdown and CMOS latchup. Meanwhile, the photocurrent was attributed to the electrons generation by the secondary impact ionization, and it would degrade DRAM refresh time.

<i>Substrate-Current Model
The physics of channel hot-carrier injection has studied previously. In this work we will describe a simple and quantitative model that correlation with the channel hot-carrier injection.

The substrate current (Isub) of the nMOSFETs devices are result from the hot holes generation by impact ionization as the channel electrons travelling from the source end to the drain end. The most part of holes is created mainly at the high field region (pinched-off region). The hole concentration is very low when the carriers out of the pinch off region, so that Isub can be neglected in this region.

The substrate current (Isub)can be approximated as[4]:

Isub~Ids Ai ld (Em2*Esat2)-1/2(Em2/Bi) exp(-Bi/Em)

The maximum field Em can be obtained when V=Vds, and we neglect the Esat. Finally, Isub can be written as:

Isub=Ids (Ai/Bi) ldEmexp(-Bi/Em)

Where Em~(Vds-Vdsat)/ld. Usually the above equeation of the theoretical Isub current has been widely implemented in many simulation tools.

<ii>Temperature Influence
The low temperature (77K) characteristics of a MOSFET device have become an important subject in 
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