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Digital IC Design (VLSI)

Computer Assignment # 2

Successive Approximation analog to digital converter (ADC):

An SAR ADC consists of a digital to analog converter (DAC), an anlog comparator and a sample and hold in the analog part. In the digital, there is a control circuit that takes the output of the comparator as an input and provides the data for the ADC input. The digital part creates the control signals for the operation of the comparator, sample and hold as well as clock signal for the operation of the ADC. The comparator has two analog inputs and one digital control input ‘COMP’ that enables the comparator. Once active, the output of the comparator, ‘CMP_OUT’ is a logic value which determines which of the two analog inputs is at a higher voltage.
The algorithm of the ADC is based on binary search. The sample and hold takes a sample of the analog signal and stores it on a capacitor for the entire conversion interval. The voltage stored on the capacitor drives one of the analog inputs of the comparator. The other input of the comparator is connected to the DAC output. The digital drives the DAC based on a binary search algorithm in a few successive cycles in such a way that the DAC output converges to the sampled input. Basically, in every cycle, the comparator output determines what digital value has to be fed into the DAC input. Once finished, the ADC enables a ‘STOP’ signal.
1) Project description, phase I:

Realization of the digital part of a 10 bit/40 MSample/Sec  SAR ADC in a CMOS technology using standard cell libraries, the analog input signal swings between +1V and -1V. 

- Come up with an architecture that fulfils the design requirement of the digital side of the SAR


- Describe your design in Verilog and verify its operation in simulation


- Explain your test bench creation


- Synthesize your design using a synthesis tool and report the critical path


- Optimize the design for the highest speed


- Report the power for your design


- Report the design trade-offs (Speed, power and area)

- How does the speed of the digital affect the overall speed of the conversion?

2) Project description, phase II:

Consider that the comparator has an offset. Arm your design with a calibration phase in which the data converter can assume the offset value in a register. Clearly in this phase a predetermined accurate analog value is provided. 

Once calibration is finished, the ADC reports that the ADC is ready to operate in the normal mode.

· How this additional design requirement affects the speed, area and power?

3) Project description, phase III:
Assume that the ADC is intended for an ultra low energy/conversion application where the input signal can merely take 10% of the total bandwidth of the ADC
. How would you change your design to work with the smallest power budget?

· Do you change the algorithm according to the new input characteristics?

· Or, otherwise, you prefer to modify the sampling frequency of the ADC?

· Or, otherwise, you prefer to turn on and off the ADC and let it run at nominal speed in the preferred conversion interval?

Discuss your choice.

In this trade-off assume that the DAC is the same in both cases and consumes 50% of the power in the standard case of section 1. 
� The bandwidth of the ADC is half of the sample rate. (Remember the Nyquist theorem)





