
the transmitter system application including the DAC. The power 
consumption is 61 mW for a 40 MHz output signal at 200 MS/s from 
a 3 V supply. The measured differential nonlinearity and integral 
nonlinearity are k 0.3 LSB and f 0.7 LSB, respectively. 

The dynamic performance is measured according to clock frequency 
in Fig. 4. A SFDR of more than 70 dBc has bcen achieved for low 
output frequency. An SFDR of 65 dBc is achieved for 40 MHz output 
signals at 200 MS/s which is the maximum usable data rate with the 
HP16700 pattern generator and the waveforms are shown in Fig. 5.  
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Fig. 5 Output spectrtrm of 4VMHz signal ut 200MSIs 
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Continuous time common mode feedback 
technique for sub 1 V analogue circuits 

M. Maymandi-Nejad and M. Sachdev 

A continuous time common mode feedback technique for sub 1 V 
analogue circuits using the bulk PMOS dynamic threshold 
(BP-DTMOS) technique is presented. The proposed method is used 
in a 0.8 V folded cascode amplifier in 0.18 pm CMOS technology. 
The schematic and the post-layout simulation results show that this 
technique is effective in reducing common mode errors caused by 
process or environmental variations. It also improves the CMRR of the 
amplifier. 

Introduction: Common mode feedback (CMFB) is very important in 
fully differential analogue circuits. In case of sub 1 V circuits, CMFB 
becomes more critical. In an analogue amplifier typically transistors 
are biased in the saturation region. However, in low voltage applica- 
tions, the operating point of a transistor is not very far away from the 
linear region. This has two consequences. First, the performance of 
the circuit is degraded and hence it is difficult to obtain high gain and 
CMRR. Secondly, any small perturbation from the designed values 
can cause transistors to operate in the linear region. These perturba- 
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tions can happen during the fabrication of the circuit or it can be due 
to environmental effects such as temperature variation. The effect of 
these perturbations and variations should be minimised by using 
suitable circuit techniques. 

Fabrication variations can lead to common mode errors. A CMFB 
circuit can improve the CMRR of the amplifier, therefore reducing the 
effect:; of fabrication variations. However, the design of CMFB for low 
voltag,e circuits is nontrivial [ l ,  21. Continuous time CMFB techniques 
[3, 41 and switched mode CMFB techniques [5 ,  61 have been reported 
to realise CMFB circuits. We propose a new continuous time CMFB 
technique which is suitable for sub 1 V applications. 

Proposed technique: It is possible to use the body voltage of a PMOS 
transistor in standard CMOS technology to change the threshold 
voltage, and hence the current of the transistor. We have used this 
technique in the feedback loop of the CMFB circuit to control the bias 
current of the differential amplifier. Using this CMFB technique, the 
effect of any Perturbation resulting to a common mode error at the 
output of the amplifier is reduced and the CMRR is increased. 

Fig. 1 Folded cuscode amplifier with proposed CMFB 

Fig. 1 shows a folded cascode differential pair with the proposed 
CMFB circuit. The amplifier is designed to operate with a single power 
supply voltage of 0.8 V The input transistors (Ml, M2) and the active 
load transistors (M3, M4) are biased in the saturation region. Therefore, 
it is necessary to adjust the current of the current source transistor MI 1 
to twice that of the current passing through M3 or M4. Any kind of 
perturbation in vhl or V,, causes a larger voltage change at the output 
of the first and second stage. This will change the operating point of 
transistors and may cause some of them to operate in the linear region. 
The two transistors (M9, M10) connected between the two outputs act 
as two resistors and sample the output common mode voltage. The 
sources of these two transistors are used to change the body voltage of 
the current source transistor M11. This CMFB method tries to 
compensate any perturbation in vhl or vh, by changing the body 
voltage of M11. To make this point more clear, suppose that v h z  is 
increased from its designed value. This causes the current of the active 
load transistors (M3 and M4) to increase. Therefore, the output voltage 
of the first stage as well as the output voltage of the second stage is 
lowered. This lowers the body voltage of M l l  which increases its 
current and causes the output voltage to be increased. This way the 
feedback compensates for perturbations of vhz. Hence, the amplifier 
can tolerate larger parameter variations during fabrication. 

11. is worth noting that the equivalent static resistance of the feedback 
transistors (M9, M10) should be as large as possible because the CMFB 
circuit should have the least effect on the differential gain of the 
amplifier. Using a transistor as a large resistor is not a simple task in 
low voltage circuits because there is not enough voltage overhead to 
turn the transistor on. To overcome this problem we have biased the 
body of the PMOS transistors (M9, M10) at 0.4 V to lower the 
threshold voltage. 

Simulation results: Fig. 2 shows the DC transfer characteristic of the 
folded cascode amplifier with and without CMFB. The dashed lines 
are for the ideal case (without any perturbation in W/L ratio of M12) 
and the solid lines are for the case of 5% perturbation in the W/L ratio 
of MI2 which causes vh, to be changed. As can be seen, when the 
CMFB is present the change in operating point is less which shows 
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the effectiveness of the proposed CMFB. Fig. 3 shows the percentage 
voltage change at the output of the first stage (Yo:, 6) due to a 
change in Vb2 for two cases: when the CMFB is not active and when 
the CMFB is active. Clearly, the proposed CMFB is very effective in 
reducing the effect of some of the parameter variations during the 

In the case of low voltage amplifiers, obtaining a high CMRR is not 
very simple. For the above amplifier the output resistance of the current 
source M11 affects the CMRR. Using the proposed CMFB circuit the 
output resistance of current source M11 is increased and the CMRR is 
improved. Table 1 shows some of the performance parameters of the 

fabrication process. 

750c 
amplifier obtained from schematic and post-layout simulations. As can 
be seen, the proposed CMFB circuit has increased the CMRR of the 
amplifier while it has a negligible effect on the differential mode 
parameters. 

Conclusion: A 0.8 V fully differential folded cascode amplifier with a 
new continuous time common mode feedback has been presented. 
The circuit has been simulated and laid out using 0.18 pm CMOS 
technology. The proposed CMFB technique is effective for reducing 
parameter perturbations during fabrication. It also improves the 
CMRR of the amplifier. This technique is especially suitable for 
low-voltage applications where it is not possible to use several 
transistors in series between the supply rails and there is not 
enough voltage overhead to tolerate parameter variations. Even 
though the proposed technique is used in the folded cascode amplifier, 
it can be used for other kinds of differential amplifiers as well. 
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Fig. 2 DC transfer characteristic of folded cascode amplifier 
a Without CMFB 
b With CMFB 
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Simple technique using local CMFB to 
enhance slew rate and bandwidth of I 

with CMFB 

0% 0.2% 0.4% 0.6% 0.8% 1.0% one-stage CMOS op-amps 
‘“b2 

‘b2 

Fig. 3 Percentage change in VoI due to change in V,, 

Table 1: Performance parameters of amplifier ( v d d =  0.8 V) 

J. Ramirez-Angulo and M. Holmes 

A simple modification to a one-stage op-amp for operation as a class 
AB amplifier leads to significant slew rate and bandwidth enhance- 
ment with essentially equal silicon area and static power dissipation 
requirements. Experimental results of a prototype in 0.5 pm CMOS 
verify SR and bandwidth enhancement factors of almost one order of 
magnitude. 

Introduction: It is well known that the maximum gain-bandwidth 
(GB) product of a one stage operational amplifier (Fig. la) is limited 
by the internal pole(s) of the amplifier, mainly, by those associated to 
the internal mirror (nodes A and B in Fig. la) .  Typically the condition 
GB < 2wpA is used as a practical design guideline in order to provide 
enough phase margin [ l ,  21. Wireless and other battery powered 
systems require high GB values, high slew rates (SR), and at the same 
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