State of the Art Analog to Digital Converter Technology

Introduction
    Analog to Digital Converters (ADCs) are an integral component of almost all electronic application fields such as sensing technology, communication systems, and computers [1]. Today's technology advancements, more specifically the Internet of Things, have given rise to stringent requirements that require the use of ADCs. Because of this, there has been fierce industry competition and high research interest to find the most optimal solution to accommodate those requirements. 

    Analog to digital conversion is accomplished through multiple architectures, each yielding different parameters. Therefore, based on those parameters, each ADC architecture is best suited for a specific set of applications [2], [3]. This paper is a review of the latest ADC Technology; it particularly examines resolution, speed, size, noise, and power consumption in the context of various applications. 

Analog to Digital Converters Performance Parameters
Resolution: The range voltage represents the size of the range of possible input analog voltages. It is defined as . N is the number of bits of an ADC. The resolution of the ADC  is  [4]. 
Speed: Speed describes how many samples (digital words) are given by the ADC per second. The unit for speed is SPS (Samples per Second).
SNR/ENOB: SNR describes the ratio of the signal level to the introduced noise level [5]. Effective Number of Bits (ENOB) describes the number of bits factoring the noise.  Sources of noise include the Aperture Noise (introduced by circuit clock) and Thermal Noise [1].
Analog to Digital Converters Architectures
    There are various ADC architectures with multiple performance metrics and targeted applications. The most commonly used architectures include Flash, Pipeline, Successive Approximation Registers, and Sigma-Delta [2], [6], [7]. This section will give a brief overview of those commonly used ADC architectures and provide the performance parameters of state-of-the-art ADCs available in the market.
Flash ADCs
    An N bit Flash ADC uses  equal resistors in series to divide a reference voltage in  steps and  comparators to compare the input signal to each reference voltage step. A voltage high or a voltage low serves as the output of each comparator. The series of highs and lows is encoded to output a digital word [4], [6], [7], [8]. Because a Flash ADC requires a large number of components, it occupies large space and is expensive. Furthermore, as the number of bits is increased, parasitic capacitance is introduced to the ADC providing it with a high pass filter characteristic. On the other hand, because of its parallel nature, the Flash ADC has the highest speed of all ADC architectures. Another advantage is that it does not require a clock which is an added noise source [1], [6], [8]. 
     Flash ADCs are used in high frequency applications such as communication and defense [2]. Analog Devices’ Flash ADC HMCAD5831LP9BE has a speed of 26 GSPS but has a 3 bit resolution, consumes 4.2 W, and costs about $3,000 [9], [10]. Texas Instruments’ Flash ADC12J4000 has a speed of 4 GSPS with 12 bits resolution. It consumes 2 W and costs about $2,229 [10]. The minimum ADC12J4000 SNR varies from 49 dB to 53 dB depending on operation mode [11]. 
Pipeline ADCs
    The Pipeline ADC compares the input voltage to a set of reference values similar to a Flash ADC. However, a Pipeline ADC compares the values in series rather than in parallel. Therefore, the reference voltages are dependent on the input voltage rather than a predetermined voltage value. The series architecture of the Pipeline ADC requires it to have an S&H (sample and hold) mechanism. To satisfy this requirement, a clock is needed which introduces a noise source [6].
      While a Pipeline ADC requires more devices per stage than a Flash ADC, a Pipeline ADC adds 3 bits of resolution per stage. The speed of Pipeline ADCs is typically few hundreds of MSPS slower than that of Flash ADCs [12]. On the other hand, due to the lower number of devices needed to get to a specific number of bits, a Pipeline ADC consumes less power, occupies less space, and is cheaper. 
      In general, low cost, reduced size, and higher resolution make the Pipeline ADC the most popular option for high speed applications [2], [12]. Such applications include imaging, defense, video, and communication. Texas Instruments’ dual channel Pipeline ADC ADC32RF45 costs $1800 [10]. It has 14 bits of resolution, a speed of 3GSPS, a power dissipation of 3.2 W and an SNR of 60.9 dB [13]. 
Successive Approximation Register (SAR) ADCs
    A SAR ADC samples the input voltage with an S&H mechanism. Using a single comparator, it compares the input voltage to a reference voltage. It makes use of a register to record the output digital word which represents the input voltage. This recorded word is used to determine the next reference voltage. A higher resolution is reached by changing the reference voltage over multiple clock cycles. Essentially, the input voltage is found through a binary search algorithm. This process requires a Digital to Analog Converter (DAC) [4], [6], [7], [14]. 
    SARs require fewer devices than Pipeline ADCs and Flash ADCs. Therefore, SARs are cheaper, more compact and consume less power. However, SARs are slower than Pipeline and Flash ADCs [6]. 
    Analog Devices’ SAR ADADC80-12 has a speed of 40 MSPS, a power dissipation of 0.8 W, a 12 bit resolution [15], and costs $295 [10]. A SAR ADC is used for low frequency applications such as temperature sensors [2]. 	
Sigma Delta ( ADCs
    A Sigma Delta ADC is a closed negative feedback loop. The feedback is subtracted from the input voltage. The integrator adds the sum to a value stored from the previous integration. If the non-inverting input of the op-amp is greater than zero a logic high is output, otherwise a logic low is output. Over multiple cycles, this sum will equal zero due to the negative feedback. The output of this feedback loop is a digital word that is used to determine the input voltage [6], [7], [16]. Because of this architecture that requires multiple cycles of feedback to accurately determine the input voltage, the Delta Sigma is generally slower than the SAR ADC.
   The Delta Sigma ADC stands out for having high resolution and SNR with low power dissipation. It oversamples the input voltage (sample rate is much higher than nyquist rate). A Delta Sigma ADC is generally more expensive than an SAR ADC. It is, however, cheaper than the Flash and Pipeline ADCs [2], [7], [16]. 
     Analog Devices’  ADC AD9267BCPZ has a resolution of 16 bits with a speed of 600 MSPS, SNR of 83 dB, power dissipation of 0.5 W [18], and cost of $63 [10]. A Delta Sigma is used for high precision, low frequency applications. 
Going Beyond State of the Art
Multiple ADCs can be used simultaneously to convert the same signal. Averaging of those ADCs is used to increase the SNR by 3.01 dB for every 2 ADCs added. In addition, with proper phasing, multiple ADCs can be combined to produce a higher speed Analog to Digital Converter. Phasing multiple ADCs to increase speed is called Time Interleaving [5]. 
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