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Abstract 
This paper presents a well-established Fully Differential sample & hold circuitry, implemented in 180-nm 

CMOS technology. In this two stage method the first stage give us very high gain and second stage gives large 

voltage swing. The proposed opamp provides 149MHz unity-gain bandwidth , 78 degree phase margin and a 

differential peak to peak output swing more than 2.4v. using the improved fully differential two stage 

operational amplifier of 76.7dB gain. Although the sample and hold circuit meets the requirements of SNR 

specifications. 

 

I. Introduction 
Sample-and-hold (S/H) circuits play an 

important role in the design of data-converter 

systems. They can greatly minimize errors due to 

slightly different delay times. However, when 

designing S/H circuit for low supply voltage 

operation, quite quickly we encounter a severe 

difficulty: the switch-driving problem. In the 

literature, there are several solutions to solve the 

problem. These approaches include using on-chip 

clock voltage doublers, multi-threshold voltage 

process, bootstrapped switch circuit, and switched-

opamp technique. 

 However, when the threshold voltage of 

device is lowered, it will suffer from an unacceptable 

amount of leakage current during off state of the 

switch. A second approach is the use of on-chip clock 

voltage doubler. At first it is necessary to mention 

some factors which affect the performance of the 

SHA circuit. 

1.  Sampling pedestal (hold step): this error occurs 

when the circuit switches from sampling mode to 

the holding mode. It is important to know that 

this error must be independent from input signal. 

This error may cause nonlinear distortion. 

2.  The speed at which a sample and hold can track 

an input signal in sample mode. This parameter 

is limited by the slew rate and the -3db 

bandwidth in both small signals and large 

signals. It is necessary to maximize SR and 3db 

for high speed performance. 

3.  Aperture jitter (aperture uncertainty): this error is 

the result of effective sampling time changing 

from one sampling instance to the next and 

becomes more pronounced for high speed 

signals. Specifically, when high speed signals are 

being sampled, the input signal changes rapidly,  

 

resulting in small amounts of aperture 

uncertainty causing the held voltage to be 

significantly different from the ideal held 

voltage. 

In this paper, we present a new design 

strategy to develop a CMOS Fully differential 

sample-and-hold circuit. The architecture is the 

extension and modification of opamp-reset switching 

technique. The organization of this paper is as 

follows: the design of the conventional Sample and 

Hold circuit is explained in section I and the circuit 

implementation with 0.18μm CMOS process is 

presented in section II and III. In section IV we 

discuses about the switched capacitance common 

mode feedback circuit , the simulation results are 

given and discussed in section V .The conclusions are 

presented in section VI. 

 

 A conventional S/H circuit shown below 

 
Fig No. 1 conventional Sample and Hold circuit 

 

II. CIRCUIT DESIGN 
To choose the appropriate architecture for 

opamp, one should first notice the requirements of 

the system. 
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Fig No. 2 Proposed fully differential Sample and 

Hold Circuit 

 

A.   The proposed two stage cascode opamp 

The gain of this topology is limited to the 

product of the input pair transconductance and the 

output impedance. It has also observed that cascoding 

in such circuits increases the gain while limiting the 

out put swings. 

 

B. One Stage Folded Cascode 

This architecture provides better input 

common mode range and better output swing. 

Furthermore, this structure provides the capability of 

selecting the required overdrive voltage for input 

transistors to achieve the unity-gain frequency 

without the output swing limitation. Higher input 

referred noise and higher power dissipation are some 

of its disadvantages. 

 

C. Two Stage Opamp 

In two stage opamps, the first stage provides 

a high gain and the second large swings. In contrast 

to cascode opamps, a two stage configuration isolates 

the gain and swing requirements. Each stage can 

incorporate various amplifier topologies, but in order 

to allow the maximum output swings, the second 

stage is typically configured as a simple common 

source stage. 

It is important that the structure has less 

power dissipation rather than folded cascode. For the 

main body of the two stage opamp both fully 

differential telescopic cascode and fully differential 

folded cascode are possible; but each of them has 

advantages and defects. 

 

Due to the advantages and disadvantages of 

the structures mentioned above, a two stage cascode 

fully differential opamp is considered. 

Generally, in two stage circuits, when 

transistors of the first stage are Pmos, transistors of 

the second stage are selected Nmos type and vice 

versa. But in the proposed opamp, both stages are 

selected Nmos. This structure leads to higher gain, 

desired output swing and acceptable bandwidth; but it 

has its own challenges such as: high impedance 

nodes that limit the unity gain bandwidth and 

increase the complexity of compensation techniques 

and biasing. Therefore, in this paper Miller 

compensation is applied. 

Fig No 3. The proposed two stage cascode opamp 

 

III. DESIGN PROCEDURE 
For high gain designs, two-stage 

configuration might be the appropriate choice; 

however, the speed of this configuration is the 

bottleneck. In this design, a fully differential folded 

cascode that has two fully differential folded cascode 

boosting amplifiers has been implemented as shown 

in Fig.3. In the design process, NMOS transistors 

give about 4 times better transconductance compared 

to the same size PMOS transistors; this motivates us 

to reduce the number of PMOS transistors as much as 

possible. Since low common mode input is desired to 

avoid extra digital power consumption due to big 

PMOS switches, the input differential pair of the 

opamp was chosen to be PMOS transistors. It has a 

switched capacitor CMFB circuit that is active when 

the opamp is in the holding mode and a continuous 

time CMFB that is active when the opamp is in the 

sampling mode. The boosting amplifiers have a 

continuous time CMFB circuits. The boosting 

amplifiers are of two types: the AN gain boosting 

amplifier has an NMOS differential input stage, 

while the AP has a PMOS differential input stage. 

The ideal effect of the auxiliary op amp is to increase 

the output impedance of the main op amp by 

auxiliary times so as to improve the dc gain of the 
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main op amp; at the same time, the dominant pole of 

the main opamp is pushed down by auxiliary opamp. 

The sizing of the proposed fully differential 

opapm are shown 

Transistor Width(µm) Length(µm)  

M1,M2 23.9 2.1 

M3,M4 5 .18 

M5.M6 8 .35 

M7,M8 13 .9 

M9 10 2.6 

M10,M11 .24 .18 

M12,M13 1.5 5.2 

M14,M15 .24 .18 

 

IV. DESIGN OF CMFB CIRCUIT 
Fully differential opamp has much 

advantage, for example, greater output swing, avoid 

mirror poles eliminating even order distortion and 

reject noise from the substrate, it has a drawback that 

it must have a common-mode feedback (CMFB) 

circuit. The CMFB circuit will enable the op amp to 

have a common mode output voltage that is immune 

to variations in the process as well as temperature. It 

is often the most difficult part of the op amp to 

design. CMFB circuits can be divided into two 

general categories: switched capacitor CMFB (SC-

CMFB) circuits and continuous-time CMFB circuits. 

Compare to continuous time CMFB, SCCMFB 

consumes less power. Because the opamp is used in 

sample and hold circuit, non overlapping phase 

clocks are available. The SC-CMFB is adopted which 

is shown in Fig 4 

 
Fig no 4.switched capacitance common mode 

feedback circuit 

 

 

 

 

V. SIMULATION RESULTS USED 

OPAMP 
A. TRANSIENT ANALYSIS 

 
 

 
 

B.AC ANALYSIS 
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C. GAIN  PLOT 

 
 

VI. CONCLUSION 
In a Two stage Fully differential sample and 

hold architecture we recover the problem of the lower 

gain and the higher voltage swing issue. In this 

architecture we get 68 db dc gain and the CMRR of 

the propose opapm is around 50db. It has larger 

voltage swing. This architecture with some 

modifications can be used for low-voltage 

algorithmic A/D converter and pipelined A/D 

converter. Further research of this architecture is in 

progress. 
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