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High Level Modeling of a Σ∆ Modulator for the Test of a SNDR BIST Sonia Eloued1 , Ahmed Fakhfakh1 and Nabil Chouba2 1
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ABSTRACT The test of Analogue and Mixed-Signal (AMS) cores requires the use of expensive AMS testers and accessibility to internal analogue nodes. The test cost can be considerably reduced by the use of Built-In-Self-Test (BIST) techniques. One of these techniques consists in generating analogue test signals from digital test patterns (obtained via Σ∆ modulation) and converting the responses of the analogue modules into digital signatures that are compared with the expected ones. In this paper, we tried to test the efficiency of this technique by associating to the BIST a high level VHDL-AMS description of a Σ∆ modulator. This work details our modeling strategy to obtain a fast and accurate virtual prototype of the modulator. Index Terms— High level description, VHDLAMS, Σ∆ ADC, SNDR BIST, transistor level simulation, characterization



confirmed the advantage, in terms of quality, frequency resolution and overhead area, of using programmable length and sampling frequency instead of a fixed length of 1024 bits [1]-[2]-[3].



To test the efficiency of this technique, we have developed a high level VHDL-AMS description of a Σ∆ modulator. The last will be associated to the BIST signal generation to check its output response. The final target consists of detecting the maximum possible errors when the input test signal varies. To achieve such target, the mean difficulty consists on choosing the suitable abstraction level of the Σ∆ modulator before developing the VHL-AMS description. This paper is outlined as follows. In section 1, we define our modeling strategy. In section 2, we detail the development of a VHDL-AMS description of the Σ∆ modulator. Section 3 draws a conclusion.



2. HIGH LEVEL MODELING STRATEGY 1. INTRODUCTION The test of analogue and mixed-signal circuits is becoming more and more difficult because the performance of these circuits is continuously increasing. When the test becomes the bottleneck of the manufacturing process, BIST techniques can reduce the test costs, taking the test paradigm to the design domain and making the circuit auto-testable. For the test of the digital parts, BIST techniques have been developed and are broadly implemented in current chips. In contrast, BIST techniques for the analogue circuits are not yet mature. A technique for on-chip analogue test signal generation from digital test patterns has been validated and implemented. The test results have



Since 1999, the new hardware description language standard VHDL-AMS offers the possibility to simulate both analogue and digital parts in a same environment. Our idea was to explore the techniques of virtual prototyping using VHDL-AMS in order to suitably simulate the behavior of Σ∆ modulator. Also, we tried to develop a flexible system, containing reusable building with several blocks called IP. Our approach consists of extracting an accurate VHDL-AMS description from a transistor schematic simulation as detailed on figure 1. After a transistor level simulation, the different process parameters are extracted and injected in the VHDL-AMS description.
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Figure 1. Modeling approach 3. VHDL-AMS DESCRITION OF THE MODULATOR The schematic of the studied second order modulator is depicted on figure 2. It is principally composed of two differential amplifiers and a comparator. It works according to two phases: an integration and a sampling phases. To achieve those phases, many switched are introduced. They are driven by a clock generating different phases as will be detailed on following [4]-[5]-[7].



3.1. Differential amplifier modeling The transistor schematic of the amplifier is shown on figure 3. It has been simulated with ORCAD simulator. The obtained results are depicted on figures 4 and 5 showing respectively the transient and AC output signal responses. We have deduced the output gain which is about 40 dB and the pass band which equals 402 MHz. This transistor level simulation allows extracting some process parameters needed to achieve a VHDL-AMS description of the amplifier. In fact, with the reference of the amplifier dynamic equivalent schematic, we have extracted equations that describe the circuit behavior. These equations were introduced in a VHDL-AMS description. The last was simulated in Simplorer 6.0 environment; the obtained transient response is depicted on figure 6 and performs a 40 dB gain: we obtained the same result then that performed with the transistor level simulation.



Figure 2. Modulator schematic
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Figure 3. Differential amplifier schematic



(a) Input signal



Figure 4. Transient response of the differential amplifier



(b) Output signal Figure 6. VHDL-AMS simulation of the amplifier 2.2. Comparator modeling



Figure 5. AC response of the differential amplifier



The comparator transistor architecture is shown on figure 7. Its VHDL-AMS description was deduced from its behaviour. In fact, when the input VIN+ is higher then VIN-, the port R of the RS flip flop is high (R=1, S=0) ; the output VOUT+ equals 3.3 V. In a second case, when VIN+ is less then VIN-,
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R is low (R=0, S=1) and VOUT+ is also low.



2.3. Voltage generator modeling The topology of the voltage generator is shown on figure 9. It is principally composed of a differential amplifier and diodes. To extract its behavioural, we have applied Kirchhof’s laws. We obtained the following equations defining the different node voltages VPN1, VPN2, Vref+ and Vref-. VPN2 = Vt VPN1 = Vt + Vt*log(m)



Figure 7. Comparator architecture



Vref+ = (1.0+R2/R1)*2.0* VPN1 - ((R2/R1)* VPN2) Vref- = VPN2



We have applied two sine waves in the inputs VIN+ and VIN-. Figure 8 depicts the simulation outputs R, S and Vout+. The obtained result traduces a correct behaviour of the comparator VHDL-AMS description. Some generics representing the non ideal behaviour of the comparator (rise and fall times, delay time) were also introduced.



where Vt = 26 mV, R1 = 2 KΩ, R2 = 1.9 KΩ, T = 300 K and m = 102400. The previous equations were introduced in a VHDL-AMS description. After a high level simulation, we obtained a perfectly continuous differential voltage Vref+-Vref+ equal to 3.3 V.



(a) Output R



Figure 9. Voltage generator architecture



2.4. Clock-phases generator modeling (b) Output S



(c) Output Vout+ Figure 8. VHDL-AMS simulation of the comparator



To generate the different clock phases required to drive the different switches of the modulator (as shown on figure 2), we have used the digital generator shown on figure 10. The delay introduced by the different inverters avoids any overlapping between Φ1 and Φ2. Then, when Φ1 is low, Φ2 is also low during a time equal to (∆t1+∆t2) before being high. When designing the modulator, the time required for the integration phase should be longer then that needed for the sampling. That why, Φ2 is longer then Φ1: Φ2 = 0,675T and Φ2 = 0,275T.
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Figure 10. Generation of the different clock phases A VHDL-AMS description of the phase generator was developed. The simulation results are depicted on figure 11. We can see that there is no overlapping between Φ1 and Φ2. Φ1A and Φ2A high levels are respectively longer then Φ1 and Φ2.



(a) Input clock CLK



We have written a structural VHDL-AMS description using the different behavioural models developed for each bloc constituting the modulator. We then obtain a virtual prototype which is both fast and accurate. In fact, its simulation runtime is only about few minutes and it contains several generics related to the process parameters. It was simulated in Simplorer environment and compared to both an ideal model developed in MATLAB/SIMULINK environment and transistor level schematic simulated in CADENCE environment. The obtained results are quite satisfactory. 4. CONCLUSION In this paper, we have exposed our strategy to develop a VHDL-AMS description of a Σ∆ modulator. The use of a high level description with VHDL-AMS is very useful to obtain both fast and accurate virtual prototype. In our case, the obtained virtual prototype will be associated to an SNDR BIST. Several simulations corresponding to different input signal tests will be rapidly obtained. We can then test the efficiency of the proposed Built In Self Test. 5. REFERENCES [1] G.W. ROBERTS, Metrics, Techniques and Recent Developments in Mixed-Signal Testing, Proceeding of the IEEE/ACM International Conference on Computer Aided Design, San Jose, USA, pp.514-521, November 1996.



(b) Phases Φ1 and Φ2
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