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Abstract-Fully-Differential (FD) circuits are unavoidable under low voltage power supply conditions.

To properly operate FD circuits the use of common-mode feedback is compulsory. The conceptual

approach to implement the common-mode feedback circuits is introduced. Furthermore, the use of
common-mode feedforward techniques to enhance the common-mode rejection ratio is introduced.
It is demonstrated that the simultaneous application of common-mode feedback and common-mode
feedforward yields optimal performance with only an additional small over head cost.

|. INTRODUCTION

The rgpid Sze reduction of CMOS technologies is limiting the maximum power supply
voltage that integrated circuits (IC) can sudain, and this trend [1] will continue. In a
digitd IC, as devices dimengons shrink, more and more devices can be fabricated on the
same die, the parasitic capacitances also tend to decrease, and current density increases.

The combined effect is a reduction of the propagation delay, which alows higher
throughput and clock rates for digitd circuits  The peaformance of digitd circuits
improves with the Sze reduction of the technology. Unfortunately, from a generd point
of view, technology scding has a negatlive impact on the peformance of andog
integrated circuits. Therefore, scaling degrades the intrindc gain of the devices and, what
is even more criticd, the very limited voltage room available reduces the circuit dynamic
range (DR) with respect to the DR counterparts for higher supply voltages. Therefore, in
such low supply voltage (LV) conditions, andog circuits require larger input/output
voltage sgnd swings, enhanced linearity, and larger rgection to undesred sgnds, to
keep a smilar performance with respect to the operation a higher supply voltages. Many
andog design issues, which were unimportant only a decade ago, are now of vitd
importance and new circuit topologies and design drategies must be investigated for
supply voltages in the order of one MOS trangstor threshold voltage [2]. In this papers,
the type and control of the common-mode (CM) component of (differentia) signds in
LV andog s€gna processors, is presented.  Traditionally, common-mode feedback
(CMFB) techniques have been applied for the control of the output CM component in
(FD) circuits.  However, most of the conventiona techniques are not valid for very LV
goplications and hence, dternaive solutions are needed. The merging of commormode
feedforward and common-mode feedback techniques to enhance circuit performance will
be introduced.



Il COMMON-MODE FEEDBACK PRINCIPLES

One of the mogt useful building blocks in andlog signd processors is the operationd
amplifier (Op Amp) or operaiond transconductance amplifier (OTA). For smdl sze
technologies the power supply is limited, but the output sgnd swing ill needs to be
large. One solution to increase the output sgnd is to use fully differentid amplifiers.
That is both differentid input and differentid output. Fig. 1 illugtrates the conceptud
architecture of the e of common-mode feedback. The basic idea is to first monitor the
commortmode sgnd (that is the sum of the output sgnds) and then compare the
common mode sgnd with a reference voltage, which usudly is 0 volts  Thus a
correction sgna is generated and goplied to the fully differentid amplifier, such that
eventudly the correction sgna becomes near to zero. The correction dgnd is the
difference between the common-mode signd and the reference voltage. Fig. 2 illustrates
an actud implementation of the conceptud architecture of Fig. 1. Fg 2@ and (b)
illugrate the block and trangstor level representation.  The two dage differentia
amplifier has its two outputs connected to two smple differentid amplifiers (M21-M24).
The outputs of the smple amplifiers are added (in M25) and the corresponding output
current is gpplied to the tail current (M5). The sensing of the output sgnas can be done
in voltage as shown before, but it can be caried out in current. This principle is
illutrated in Fg. 3. The amplifier is a transconductance amplifier. This
transconductance amplifier condsts of a differentid par and two current-mirrors. The
commortmode level sensing circuit is applied to the sense amplifier where is compared
with a reference current. The output of this CM sense amplifier is then injected to output
bias current of the FD amplifier.
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Fig. 1. Conceptua Architecture of Common-Mode Feedback

The use of common-mode feedback has as objective to: i) cancd the common-mode
output Sgnds; ii) fix the DC operating point a the output that maximize the differentia
voltage gain. In addition the use of common-mode feedback should reduce the output



noise. The actud implementation of the common-mode feedback is not trivid. Severd
design issues need to be taken into congderation to provide an implementation with the
desred specifications and performance.  Among them we need to minimize the loading
effects of the amplifier when is connected to the senang amplifier.  Stability of the
amplifier with feedback must be wel defined. Another even more criticd issue is the
bandwidth of the loops associated with the differentid-mode and the common-mode
loops. These loop bandwidths should be of the same order to yidd a good commort
mode reglection ratio in the frequency enge of interest. The DC gan of the CMFB loop
must be large enough to keep an accurate control the CM component. If not, an
asymmetrica swing occurs which entails a loss in the DR.  The gain-bandwidth product
of the CMFB loop (LGBWcy) should be a least equa to the gain-bandwidth product of
the DM loop (LGBWpw) counterpart. We can consider commonmode feedback at the
input and output port. Thus if LGBWcm o < LGBWDM, the system does not perform as a
fuly-badanced systems in the range of frequencies comprised between LGBWcm o and
LGBWpwm; while if LGBWcem,; < LGBWpy occurs, the amplifier does not operate
properly snce the input CM voltage can be out of the amplifier input CMR in the
frequency band comprised between LGBWcy,; and LGBWpy. The CMFB loop nust
only act over CM voltage sgnd, while does not affect to any DM voltage sgnd. If this
not occurs, harmonic distortion by the CMFB loop isinduced in the sgndl.
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Fg. 3 Amplifier with Current-Mode Common-M ode Feedback

11l COMMON-MODE-FEEDFORWARD TECHNIQUES

The use of common-mode Feedforward (CMFF) is very desrable, however note that
usng only CMFF is not sufficent. CMFF can help to reduce dragticdly the output
commortmode sgnds, but it cannot help to gabilize the DC output operating bias. The
conceptua representation of the CMFF is shown in Fig. 4(8). In the case of multiple
cascade amplifiers we can make clever use of CMFF as shown in Fig. 4(b). Note that the
common-mode feedforward detector is part of the amplifier; dso note that the detection
is not done in the amplifier itsdf but in the next one in the cascade stages. Then a smple
feedback is implemented from say amplifier 2 to amplifier 1. One potentia transstor
level implementation [10] is shown in Fg. 5. Obsarve in this figure the symmetry and
balance of the topology that yields optima performance as shown later.
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Figure 4 (8) CMFF conceptual representation, (b) Combination of CMFF and CMFB techniques
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Fig. 5 A possbletransgtor level [10] of one amplifier Fig. 4(b).

IV AN EXAMPLE OF CMFB AND CMFF TECHNIQUES

In this example we show the effect of the CMRR for three different cases. Thet is @)
CMFF only, b) CMFB only, ¢) CMFB + CMFF. Fig. 6 shows how the combination of
the two common-mode techniques yields around 80 dB. Furthermore, the linearity of the
amplifier is improved by usng both common-mode techniques. Fig. 7 shows that we can
obtain up 1.2 pesk to pesk differentia input with less than 1% THD for a 3.3V power

supply.
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V CONCLUSIONS

A brief introduction to common-mode feedback concepts has been introduced. The key
issue in this paper is the drategic use of jointly of the common-mode feedforward and
commortmode feedback yidding optima results for common-mode regection ratio as
well as an improved linearity. More details about LV amplifiers commonmode feedback
techniques are available elsewhere [9].
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