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Abstract. A sample-and- hold circuit for a resolution pipelined ADC is presented. The circuit uses a 
fully differential capacitor flip structure to reduce power consumption. Increase the gain by using an 
olded-cascode amplifier. Based on 0.35μm CMOS process, the Hspice simulation shows that the 
circuit can work correctly at 3.3v power. 

Introduction 
The sample-and-hold (S/H) circuit plays an important role in the ADC, and is one of the key 

modules of the pipelined ADC[1-4]. The main function of S/H is to collect analog signals and save them 
until ADC completes the processing of these information[5-7]. In data conversion, the design of the S/H 
circuit is a very important part. Its performance restricts the speed and precision of the data 
converter[8,9]. 

The structure of the sample-and hold circuit 
The structure of sample-and hold circuit can be divided into two categories: charge redistribution 

structure and capacitance reversal structure[1,10-12]. Figure 1 is a charge redistribution structure. In the 
sampling stage, the input charge is stored on the sampling capacitor, and at the holding stage, the 
differential charge is transferred to the feedback capacitor through the charge redistribution process. 
Because the input common mode charge is always on the input capacitor, so the sample and hold 
circuit of the structure can handle the common mode range of the input signal is large, and the 
performance in the single ended application is excellent. 

 
Fig.1 The sample and hold circuit of Charge-redistribution architecture 

Figure 2 is a capacitor flip structure. At the sampling stage, the input charge is stored on the 
sampling capacitance. In the holding stage, the sampling capacitance is turned over to the output end 
by the switch, and the maintenance function is realized. 

In the case of neglecting the parasitic capacitance, the feedback coefficient of the charge 
redistribution structure is 0.5, while the feedback coefficient of the capacitor turnover structure is 1. 
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Fig.2 The sample and hold circuit of Flip-around architecture 

The capacitor flip structure has 2 main advantages, first of all, it is low in power consumption. 
Because beta is 2 times the charge redistribution structure, therefore, in theory, under the same closed 
loop bandwidth, the unit gain bandwidth (GBW) of capacitor flip structure is 50% of the charge 
redistribution structure. This reduces power consumption. The second advantage is that the noise of 
this structure is relatively small. 

For the consideration of noise and power consumption, this paper chooses the capacitor turnover 
structure. In order to be able to handle the input signals with different common mode voltages, the 
input common mode range of the amplifier must be increased. However, due to the existence of 
parasitic capacitance of the operational amplifier, the ratio of the beta of the two structures is less than 
2, so the advantage of the capacitor flip structure in terms of noise and power consumption is not much 
larger under ideal circumstances. 

Operational amplifier 
The sample-and-hold amplifier is the core of the sampling and holding circuit, and its 

performance will directly affect the performance of the whole system. 
At present, there are three kinds of common operation amplifier structure [4,13-14]: two pole 

operation amplifier, Cascode amplifier, and folded-Cascode  amplifier. The sample-and-hold circuit 
uses a folded-Cascode structure. In order to improve the gain, the gain self lifting technique is used. 
Because of the charge injection and clock feedthrough effect will limit the application of MOS switch in 
the sampling circuit, the bottom plate sampling technology is adopted , so that the influence of the two 
effects on the circuit can be reduced effectively. 

As shown in Figure 3, the gain enhanced foldable common source common gate sampling and 
holding operational amplifier is shown. 

 
Fig.3Gain boosted folded-cascode op-amp 

Advances in Engineering Research, volume 163

1894



 

The input tube is the pMOS and the folding tube is nMOS. The non main poles can be 
extrapolated to achieve good frequency characteristics. However, using pMOS as an input tube to 
achieve the same speed, the size of the tube and the required current should be increased. Large size 
input tubes will increase the input parasitic capacitance of the amplifier. The direct consequences of this 
will increase the noise and power consumption. The nMOS folding tube and the pMOS current source 
load use the cascade structure, which will provide enough open loop gain. 

A1 is the main amplifier, and the A2 is a single terminal auxiliary operation amplifier. Auxiliary 
operational amplifier does not affect the swing of the main operational amplifier 。 

Due to the auxiliary operational amplifier introduced pole zero pair, which brought the 
disadvantageous influence to the establishment time of the op amp. In the design process of the 
auxiliary amplifiers, must make the auxiliary operational amplifier unit gain bandwidth is greater than 
500MHz, to suppress the pole zero pair. However, in order to maintain the stability of the operational 
amplifier, the unit gain bandwidth of the auxiliary amplifier can not be too large and can not exceed 
900MHz. 

Simulation results and analysis 
The transient characteristic of the sample-and-hold circuit is shown in Figure 4. 

 
Fig.4 The transient response of the sample and hold circiut 

The input signal is a sine wave of an amplitude of 1 V and a frequency of 5MHz. It can be seen that 
the sample-and-hold circuit can work stably. At the end of the sampling phase, the sampling value is 
equal to the signal at that time, and at the holding stage, the signal remains unchanged. 

conclusion 
A sample-and-hold circuit for pipelined ADC is introduced in this paper. Through the analysis 

of the structure of the sample-and-hold circuit, the capacitor turnover structure is adopted to reduce 
the power consumption. Through the analysis of the circuit structure of the operational amplifier, the 
folded-cascode operational amplifier is used to improve the gain. The simulation results show that the 
sample-and-hold- circuit can work steadily under the 3.3V power supply voltage. 
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