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This paper studies the matching and the stress effect problems that appear in deep submicron CMOS technologies. These effects significantly affect the electrical behavior of CMOS transistors. We propose a method to compute stress effect parameters resulting from different layout styles such as interdigitated and symmetrical styles. We apply this method to a transistor device and a differential pair device. We also quantify the errors due to transistor folding and stress effects in 65nm CMOS technology for different device layouts. The results show the effectiveness of the proposed method.

I. INTRODUCTION

Traditionally, the design of an analog circuit is an iterative process. Given a set of specifications, the circuit is first sized, then a full custom layout is performed, followed by an extraction of layout-dependent parasitics parameters (LDPP). Finally, the performance are evaluated using post layout simulation. The complete design flow is shown in Fig. 1. If the circuit does not meet the required specifications, the designer has to go through another iteration and modify the sizing, the full custom layout or both. The designer may iterate manually through several loops till satisfactory performance are achieved. Not only the number of iterations can be huge, but also each step of one design iteration is carried out on a different tool. This manual design flow is laborious, time consuming and subject to human error. To speed up the design, layout-oriented design methodologies have been proposed in

[1], [2], [3], [4] and [5]. [2]
shows the advantage of providing a two ways communication between the sizing and layout generation as shown in Fig. 2. The idea is that the sizing tool provides the electrical parameters of the transistor such as the width (W), length (L), number of fingers (NF), etc... to the layout generation tool. Once the layout is generated, the layout tool sends back the layout-dependent parasitics parameters such as the drain and source areas and perimeters, the stress effect parameters, etc... to re-evaluate the performance. This internal loop is repeated several times, with minimal designer intervention, till the target specifications are achieved. The final layout is then realized. Our layout generation tool allows the generation of parametrized and shaped layouts, with different analog dedicated layout styles [6]. Therefore this methodology minimizes the design time and possible errors. This approach has been implemented into our framework CHAMS which is dedicated to analog synthesis and technology migration for mixed signal circuits in nanometric technologies.

Section II defines the problem. Section III describes the layout generation tool environment. Section IV treats the stress effects for the MOS transistor. Section V shows the stress impact on a transistor. Section VI compares the stress effects for a differential pair laid out using different styles. Section VII presents the stress impact on a differential pair. Finally section VIII concludes the paper.

II. PROBLEM DEFINITION

The evolution of CMOS from micro to nano technologies is driven by the need of less area, less power consumption and high speed integrated circuits providing better performance. With the migration to deep-sub-micron (DSM) technologies, two important constraints related to the layout of the circuit have to be taken into consideration :

a) The problem of analog device matching: Due to circuit aspect ratio, large transistors' widths have to be handled with dedicated layout styles. Transistor folding technique is commonly used to reduce parasitic capacitances and gate resistance [7], [8] allowing more accurate geometries and providing better electrical performance. Interdigitated and symmetrical the fingers of the other transistor alternating to the calculated transistor's fingers creates what we called holes. This requires the introduction of a new parameter δ in the formula. The parameter δ takes the value of 1 when pointing to a finger of the transistor considered, and the value of 0 when pointing to a finger of the other transistors.

Inv SA,T 1 = (N F s-1) i=0 δi SA + 0.5 • L drawn + i • (SD + L drawn ) (9) Inv SB,T 1 = (N F s-1) i=0 δi SB + 0.5L drawn + i • (SD + L drawn ) (10)
SA ef f , SB ef f and α are calculated in the same manner as the case of the transistor device. The same equations of symmetrical styles are used for the interdigitated style. Since the placement is different, the values taken by δ i differ.

B. Interdigitated style

VII. RESULTS FOR A DIFFERENTIAL PAIR

We evaluate the stress effects for both transistors T1 and T2 of the differential pair. Each transistor has W = 6.0µm, L = 0.06µm and NF=4 in 65nm technology. In the following subsections, we study the influence of stress effects on the biasing current for different layout styles.

A. Symmetrical style

In old technologies for long channel devices, the symmetrical style in Fig. 14 was preferred since it eliminates the linear gradient effects along the substrate. The linear gradient could produce significant mismatch as the devices had a large area.

Fig. 15 shows the absolute normalized error in the drain current for each of both transistors T1 and T2 of the differential pair with symmetrical layout. The error in T1 current is more than twice that of T2. This is expected as T1 transistor has its fingers nearer to the STI than transistor T2 and thus T1 is more prone to the stress effects than T2.

To interpret the above results, we compare the variation of 1/α versus NF. In the new nanometric technologies, the transistors have a smaller area and the stress effects have become more important. Fig. 16 clearly illustrates how the transistors are affected differently by the mechanical stress of the STI inducing a significant mismatch between the differential pair devices. 

B. Interdigitated style

The interdigitated style for the differential pair is shown in Fig. 17 .

Fig. 18 shows the absolute normalized error in the drain current for both transistors T1 and T2 of the differential pair with interdigitated layout. The error is identical for both transistors since they are evenly affected by the same stress effects.
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 16 Fig. 16. The stress effect 1/α parameter versus NF of the Symmetrical style.