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Abstract:  This paper presents a power efficient common 

mode feedback(CMFB) circuits used in implementation of 

high resolution continuous time incremental sigma del-

ta(CTI∑∆) modulator based ADC, dedicated to neural re-

cording applications. ADC is an important block in neural 

recording system due to its speed and resolution effects on 

recording process. Need for op-amp with CMFB circuit is 

growing year by year,involving additional interest in analy-

sis and development.Basic requirement of CMFB circuit is 

to provide better performance in linear and non-linear in-

teractions between common mode and differential mode 

operations. Proposed CMFB circuits are designed and simu-

lated in CMOS 180nm technology, provide better power effi-

ciency at  10MHz  clock rate. It is used to set stable and ac-

curate common mode voltages for the input-output stage of 

∑∆ADC. These circuits have been implemented with a fully 

differential current mirror CMOS OTA circuits. 

Keywords:CMFB, CTADC,Power, Stable voltage. 

Introduction 

Typically, if we use the  fully-differential opamps in the feed-

back application, apply  to the feedback identifies the differ-

ential voltages at the  input signals, but it is  not affect the 

common-mode voltages. Therefore , it is necessary to sum up 

the additional circuitry in order to  find output common-mode 

voltage. It should be   controlled to be ame to some specified 

voltage. Normally common mode voltage is set about the  half 

of power-supply voltages. This type of  circuit is named  as 

the common mode feedback (CMFB) circuit, which is a most 

complicated part of the op-amp to design. There are two typi-

cal possibilities in designing CMFB circuits, one is a continu-

ous-time method and another is a  switched capacitor method. 

In the switched capacitor circuits the  latter method is used , 

Hence in applications of continuous-time it introduces clock-

feedthrough glitches.  Fig.1.  shows an example of   continu-

ous-time CMFB circuit.  

To explain its  operation, assume the common-mode resultant  

voltage, Vout,CM Vref,CM , and that Vout+ is exactly same in 

magnitude, but have different direction  sign. we assumed 

that, there is a  two differential pairs which have common-

mode input rejection is infinite, which means that is a high -

signal output currents. Hence the two pairs have same differ-

ential voltages is  applied, the currents in Q1 and Q3 are same 

the currents in Q2 and Q4 are same.  This result is appropriate 

independent of the nonlinear relationship among its large-

signal differential currents in the drain and  differential pair’s 

voltage at input. If the current Q2 is denoted by  ID2=IB/2+∆I,  

where  as IB is 

 

Fig. 1 Differential Pair Miller-compensated of a  amplifier 

in two-stage with a folded cascade first-stage 

 

 bias current . The voltages Vout+  and Vout- are same and the  

current from the  diode-connected transistor(Q5) will not ef-

fect  even in the presence of  huge differential signal voltages. 
Let us consider what happend if a common-mode voltage is 

greater than  the VCM  is present. Both Q2 and Q3 currents are 

increased by this positive voltage, gives a result as causes the 

current in. This  voltage that maintain the certain levels of 

current in the n-channel current sources at the Op-amp output. 

Therefore, both  the current supplies will have a more cur-

rents pulling down to the negative supply rail.   

 

Fig. 2 An example of a CMFB  continuous-time circuit. 

Due to  the differential signal size  which is processed without 

the differential-pair signals. And also, source degeneration can 

be used in order to have high input signals without all  the 

current being pointed to some portion of the differential pair, 

when this opertion is done, the CMFB circuit may still pro-

vide  the differential signals to be less that can be analysed by 

the remaining op-amp. An exemplary continuous time CMFB 

circuits are shown in Fig.2 and Fig.3. 

At last the current sources IB must have high-output imped-

ance with cascade current sources to determine for the two 

differential pairs has  a good common-mode rejection. 
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Fig. 3 A circuit of continuous-time CMFB  provides max-

imized output swing 

 

Fig. 4 An another circuit for  continuous-time CMFBt. 

At node VA  this circuit determines the common-mode output 

voltage signals lesser by a dc  shift level , using an  amplifier 

it compare to a reference voltage, Vref. An most consideration 

when the CMFB circuits is that they are part of a negative 

feedback loop, and must be well compensated, otherwise the 

injection of common-mode signals can cause them to become 

unstable. Thus, when the circuit is to be designed, the phase 

margin and step-response of the common-mode loop should 

be found and verified. Phase margin might be observed by 

breaking the gate connections at Vcntrl, and applying a test 

signal and looking at the returned signal. A step-response test 

could be performed by applying a small step to the common-

mode reference signal, Vref,CM. 

  

Fig. 5 A switched-capacitor CMFB circuit. 

Minimising the capacitors too much will effect the common-

mode offset voltages due to injection of charge at the switch-

es. Manually all of the switches would be realized by small-

size n-channel transistors only, other than for the switches 

connected to the results, which might be determined by 

transmission gates (i.e., parallel n-channel and p-channel tran-

sistors both having limited size) to acheive a wider signal 

swing. In  the applications where the op-amp is being used to 

realize switched-capacitor circuits, switched-capacitor CMFB 

circuits are generally processed over their continuous-time 

counterparts since they allow a high output signal swing. 

Designing continuous-time CMFB circuits that work  with 

low power-supply voltages and linear is an area of continuing 

research. 

PROPOSED DESIGN 

The block diagram of CTI∑∆ADC is shown in fig 6.It uses 

two OTA based integrator circuits. The OTA schematics op-

erates as class-A or class-AB op-amp circuits. It also uses a 

current mirror OTA for better slew rate and loading require-

ments. For obtaining a stable common mode voltage for the 

output stage the proposed CMFB circuits shown in Fig 7 are 

used. In dynamic biasing current mirrors,the DC currentare set 

by DC voltages. It requires other feedback loop for the input 

stage. It is employed by using proposed CMFB circuits, which 

are capable of sensing and stabilizing the common mode volt-

ages. To avoid loading effect of OTA, two differential pairs 

are used to sense output voltages as shown in Fig.8. 

 

 

 

 

 

 

 

Fig:6 2
nd

 order CTI∑∆Modulator 

Fig:7CMFB1circuit for ClassA/ClassAB op-amp 
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Fig:8 CMFB2 circuit for current mirror OTA 

They have been implemented with a current-mirror OTA. An 

NMOS input differential pair is adopted to obtain better gm 

efficiency and consequently less current consumption. To 

avoid loading the OTA resistively, two differential pairs 

areused to sense the output voltages, as shown in 

Fig.8.Linearity of these differential pairs and hence the output 

swing of the OTA is  enhanced by the linearization transistors 

MR1—MR4 acting as source degeneration resistances. 

DESIGN AND IMPLEMENTATION: 

Proposed CMFB circuits are designed and implemented in a 

180nm CMOS process. They are simulated for transient re-

sponses. Op-amp with CMFB area unit terribly immune to 

environmental factors, i.e. they will be unaffected by tempera-

ture and humidness. Furthermore the technology is often 

simply integrated in a semiconductor substrate ensuring an 

honest stability of the CMFB parameters.  

Fig. 9 and Fig.11shows the CMFB circuits that have been 

designed and their transient responses are shown in Fig.10 and 

Fig.12. From transient responses, it can be observed that the 

output of the circuits are stable even clock changes at faster 

rate. 

 

Fig:9 Circuit of CMFB1 

 

Fig:10 Transient response of CMFB1 

 

Fig:11 Circuit of CMFB2 

 

Fig : 12 Transient response of CMFB2 

EXPERIMENTAL RESULTS: 

Performance comparison of both is produced in a Table 1, in 

terms of time delay, power consumption, voltage sources and 

the area in terms of nodes and number of MOS devices. 

Table1: Performance analysis 

Parameters CMFB1 CMFB2 

Time Delay 2.08sec 2.61sec 

Total Nodes 18 16 

Power 0.788mW 1.742mW 

Voltage sources 2 4 

No.of MOS de-

vices 

7 14 

 

CONCLUSION: 

Using CMFB approach A low-voltage op-amp for fully dif-

ferential reset-op-amp circuits had proposed. In the output 

assessment in order  to control of CM levels   output as in 

typical CMFB circuits,  a new method employing voltage de-

tector which has been shaped by the differential pair of the 

primary op-amp in order to stabilize output of the CM voltage. 
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