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Abstract—The downsizing of CMOS technology into the decananometer range has called for the redesign of the ESD protection 

devices because of the constraints of lower operation voltage and smaller breakdown voltage of the ultrathin gate oxide. In this work, 

we had developed a two-dimensional diode-triggered silicon-controlled rectifier (TD-DTSCR) structure to cope with the narrowed 

ESD design window in the 28 nm CMOS technology. A sufficient large SCR trigger voltage was obtained by directing the triggering 

current to both longitude and lateral directions, through two parasitic diodes and the P-Well, so as to save the chip area for realization. 

Optimization was done by varying several device parameters and the best ESD robustness obtained was 53.7 mA/m which was about 

65% larger than that of a simple SCR with the same width of 30 m and realized using the same technology. Failure analysis was also 

conducted to identify the possible weak spots of the proposed structure. 

 

Index Terms— DTSCR, TLP, Failure analysis, Robustness 

I. INTRODUCTION 

lectrostatic discharge (ESD) protection has been one of the most crucial issues for the robustness of electronic devices and 

systems and many useful devices and effective schemes have already been developed [1]. New challenges, as results of smaller 

gate oxide breakdown voltage, downscaled operation voltage, and the reduced current sinking capability of the devices, come up 

recently when the device technology is being pushed into the decananometer range [2]. In a typical 28 nm CMOS technology, the 

operation voltage is 1.1 V and the maximum allowable gate voltage or gate breakdown voltage is about 5.1 V [3].  Allowing a 20% 

safety margin, the operation window for ESD protection device should be in the range of 1.3 to 4.0 V which is much smaller than 

its predecessors. Several new schemes were proposed to cope with this change. Although silicon controlled rectifier (SCR) was 

considered as an excellent ESD protection device for its robustness and compactness, the trigger voltage was too large for 28 nm 

process applications. To reduce the trigger voltage, diode-triggered SCR (DTSCR) was proposed [5]. By using a diode chain to 

turn on the SCR during ESD events [6], the trigger voltage can be effectively lowered to meet the narrowed ESD design margins 

[7]. To further enhance the ESD robustness and the area efficiency, three-dimensional layout structure was proposed [4]. 

Unfortunately, it was found that the device parameters along the vertical direction are strongly governed by the process conditions 

and are hard to control while a two-dimensional design becomes a more favorable option when taking the uniformity of the device 

parameters into account [8-10]. As will be shown later, with the refined 2D layout design using the two-dimensional diodes, we 

achieved a DTSCR with a much higher ESD robustness up to 53.7 mA/m and more importantly it meets the specified ESD design 

window for 28 nm CMOS process. 

II. DEVICE STRUCTURE AND LAYOUT 

The structure of the two-dimensional diode-triggered DTSCR (TD-DTSCR) used in this work is shown in Fig.1. In this design, 

we separated the trigger path and conduction path for ESD strikes. We fully utilized the parasitic resistance of P-Well region to 

increase the trigger voltage of DTSCR. When an ESD event takes place, the DTSCR will be triggered by a series of parasitic diodes 

via the current path as indicated in Fig.1 (b). The current first flows from the anode into P+ area then to N+ through N-Well in 

longitude direction; it then passes through the metal, enters the P+ region across both N-Well and P-Well of the anode side. As the 

central part of the N+ region across the N-Well and P-Well in the cathode side is not grounded, the current will flow beneath the 

polysilicon gate and to the two N+ regions in parallel. It discharges via the ground plate through the cathode finally. The effective 
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