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Abstract: A compact rail to rail CMOS vollage follower
is presented. The circuit is based on the symmetrical class
AB voltage follower and can operate under supply voltages
of £ 1.5 V. The proposed circuit has power dissipation of
5.2mW under quiescent condition and can drive £1.25 V(o
250 €2 load with a total harmonic distortion of lcss than 0.5
percent and cut off frequency of 237 MHz. Although
simple, the proposcd circuit cnables the output transistors to
drive load cfficiently.

1. Introduction

An integrated voltage follower is one of the indispensable
blocks in many analog VLSI systems. At present, most
systecm requirements make it necessary for the follower to
be able to drive low-resistance loads while, at the same
time, handle large output voltage swing and maintain low
harmonic distortion.  Several approaches have been
proposed to achieve this goal [1-6]. One among the most
- popular approaches for realizing such follower is to employ
a pscudo source follower which has a pair of
complementary common-source MOS transistors. A
pscudo source follower has a key advantage in that it offers
small output impedance. Morcover, the pscudo source
follower offers a larger output voltage swing compared to a
siniple common drain type source follower. However, this
approach suffers from the difficulty in the control of the
quicscent current as a result of the random threshold
voltage and high transconductance of pullup and pulldown
parts. Therefore, any practical circuit using such approach
needs to incorporate an additional mechanism to control the
quiescent current. In addition, compensation capacitors are
required to improve the stability and the transient response
and thus resulting in large chip area. Kadanka et al.[7] has
proposed wild swing voltage follower without feedback.
The circuit contains both BJTs and MOS transistors and is
bascd on a double buffer implemented in the class AB
emitter follower configuration. BJTs are employed as a
core part and connected as an emitter follower due to two
main reasons; 1) BJT has higher transconductance over
MOS ftransistor, and 2) the mismatch in base-emitter
voltage(AVpg) of npn and pnp is much less than the
mismatch in the gate-source voltage(AVgs) of NMOS and
PMOS. The circuit shows good dynamic performance,
good stability and low power dissipation. The circuit
hmplementation however requires BiICMOS process which
has lower level of integration and higher power dissipation
compared to the well known CMOS technology.

This paper presents a compact rail to rail CMOS voltage
follower which is capable of handling large output voltage
swing and maintaining low harmonic distortion. The circuit
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is based on the symmetrical voltage follower with
additional circuit to enliance transconductance and, at the
same time, reduce gate-source vollage mismatch. The
circuit can operate under +1.5V supplies and can drive *
1.25V to 250 Q2 load with a total harmonic distortion of less
than 0.5 percent and cut off frequency of 237 MHz. The
power dissipation undcr quiescent condition is 5.2mmW.

2. Circuit Description

A conventional symmetrical voltage follower is shown in
Fig. 1. The circuit consists of four transistors(M1-M4)
connccting in the two stage common drain{doublc buffcr)
using class AB configuration. This configuration however
has three main drawbacks: 1) a large offset voltage due to
the mismatch between the gate-source voltage of NMOS
and PMOS, 2) a high output impedance due to a reduced
transconductance(g,) of the MOS transistor compared to
BJT’s counterpart, and 3) a significant limitation in the
linear output swing. All these problems can be alleviated
using the proposed circuit shown in Fig, 2.
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Figure 1. Conventional symmetrical voltage follower.

The proposed circuit in Fig. 2 is based on the
symmetrical voltage follower described in Fig.1. The four
transistors (M1, M3, M5 and M7) work as two stage
common drain stage and are biased by current mirrors
implemented by both NMOS and PMOS transistors (M2-
M4 and M6-M8) with a transfer current ratio of afsce
Fig.2). Since M1 has the same drain current as M2 and M3
has the same drain current as M4, the gate-source voltages
of Ml and M3 arc then nearly equal provided that all
NMOS have the same dimensions and all PMOS have the
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sane dimensions.  This gate-source voltage matching
approach is also applied to the upper follower (M5-M83).
As a result, the offset voltage of the voltage follower has
been minimized[8].

The transconductance of the output MOS transistors can
be increased by using two compound transistors as
suggested in [8] consisting of M1-M4 and M5-M8. The
transconductance of the lower follower (M1-M4) and upper
follower (M5-M8) are given by Eqs.(1a) and (1b) as

— gml 'gmB

Emrowmry = (1a)
gml -a: gmB

ng : gm7
ng -a gm7

guwerery = (1b)

respectively.

From Eqs.(1a) and (1b), the transconductance of output
transistors can be adjusted through the transfer current ratio
o. The simulation shows that proper valuc ol « can result
in very high transconductance.

For the input voltage with the amplitude in between
Von and Ve, the circuit will operate as a conventional
voltage follower with an enhanced transconductance and
the reduced gate-source voltage
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Figure 2. Proposcd rail to rail voltage follower

mismatch. By using Egs.(la) and (lb), the output
impedance of the circuit is given by
1 a
(L-=2) o
gm7 ng

1 o
R

g m3 g ml
If the input voltage is lower than Vrow, the bias current
Is> for both transistors M1 and M9, which are connected as

a differential amplifier, mostly becomes the drain current of
M9 and is mirrored by two current mirrors M11-M12 and
M13-M14. M14, which has its width N-times that of M13,
now acts as bias current for the upper voltage follower(M5-
M8). The output is capable to swing within one overdrive
(Vbpsati4) of the negative supply with the output impedance
Rogom given by /g, -afg,s. Similarly, if the input
voltage is higher than Vyey, the bias current Ip; for
transistors M5 and MI10, which are connecled as a
differential amplifier, mostly becomes the drain current of
M10 and is mirrored by two current mirrors M15-M16 and
M17-M18. MI18, which has its width N-times that of M17,
now acts as bias current for the lower voltage follower
(M1-M4). The output in this case is capable to swing
within one overdrive (Vpsams) of the positive supply with
the output impedance Rogcm given by 1g,., — alg,, .

A low quiescent current of the circuit are obtained by
properly selecting biasing currents Ip; and Ip; and two bias
voltages Vuyey and Vipw. We have chosen the Vi and
View to be 0.5 Vand -0.5 V and 1y;; and Ij;; to be 10 pA
respectively. The quiescent current as a result is found to
be 550 pA.

3. Experimental Results

To cvaluate the performance of the proposed circuit, the
simulation is performed using HSPICE with a standard twin
well 0.6 jun CMOS technology. All W/L values of the
transistors used in the circuit are summarized in Table L. It
is noted that the mobility of the clectron in this process is
approximately four times that of holc and the transfer
current ratio « used in this work is around 1/8. The
simulations results show high performance characteristics,
namely low output impedance, low harmonic distortion,
large linear output voltage swing, wide bandwidth and low
power dissipation. The proposed voltage follower is
connected to drive +1.25 V to 250 Q load and the highest
output impedance of the circuit is found to be less than 3.8
Q while the harmonic distortion is less than 0.5 percent.
Figure 3 shows DC transfer characteristics of the circuit
with the same load. Dotted and solid lines represent input
and output waveform respectively. As seen, the oulput can
trace the input over a wide range linearly. Figure 4 shows
output waveform of the circuit with the sinusoidal input
signal of 1.5Vpp, 1kHz. Figure 5 shows a frequency
response of the circuit. The cut off frequency is found to be
237MHz. Figure 6 shows the output impedance of the
proposed follower for the +1.5V input signal.  The
maximum output impedance is found to be 3.8Q. for the
output signal in the range of £1.25V. Figure 7 shows the
total harmonic distortion (THD) for various input voltages
of 1kHz. Lastly, the simulation shows the total power
dissipation of 5.2mW under quiescent condition.

4. Conclusions
A compact rail to rail CMOS voltage follower is presented.
The circuit is based on the symmetrical class AB voltage
follower and can operate under supply voltages of £ 1.5 V.
The proposed circuit has power dissipation of 5.2mW under
quiescent condition and can drive £1.25 V to 250 Q load
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with a total harmmonic distortion of less than 0.5 percent for
input voltage less than 1.25V and cut off frequency of 237
MHz. The maximum output impedance is less than 3.8 2
for the output signal in the range of £1.25V.

Table 1. Aspect ratio of transistors

Transistors Aspect Ratios (W/L)

M1,M2 M9 55/1

M3,.M4 750/0.6
M3 M6.M10 220/1

M7.M8 450/0.6
MI11.M12 M17 4.6/1
MI3.M15M16 1.2/1

M14 380/0.6

M18 1305/0.6
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Figure 5. Frequency response of the proposcd follower
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Figure 4. Output waveform
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ITC-CSCC 2002



5. References

[1] Ahuja, B.K., Gray, P.R., Baxter, WM, and Uchara,
G.T., “A programmable CMOS dual channel interface
processor for telecommunications applications,” IEEE J.
Solid-State Circ., Vol. SC-19, pp. 892-899, Dec. 1984.

[2] Brehmer, K.E., and Wiescr 1.B., “Large swing CMOS
power amplificr,” IEEE J. Solid-State Circ., Vol. SC-18,
pp. 624-629; Dec. 1983.

[3] Fisher J.A., “A high performance CMOS power
amplifier, “ IEEE J. Solid-State Circ. Vol. SC-20, pp.
1200-1205, Dec. 1985.

[4] Nagaraj, K., “Large-swing CMOS buffer amplifier,”
IEEE J. Solid-State Circ., Vol. SC-24, pp.181-183, Feb.
1989.

[5] Mistiberger, F., and Kock, R., “Class AB High swing
CMOS power amplifier, “ 1EEE J. Solid-State Circ,,
Vol. SC-27, pp. 1089-1092, July 1992.

[6] Sckerkiran, B., “A compact rail-to-rail output stage for
CMOS opchon amplifiers,” IEEE J. Solid-State Circ.,
Vol. SC-34, pp. 107-110, Jan. 1999.

17} Kadanka, P, and Rozsypal, A., “Rail-lo rail vollage
follower without feedback”, Electrouics Letlers, Vol.
36, pp. 104-105, Jan. 2000,

[8] Manetakis, K., and Toumazou, C., > A ncw high-
frequency very low output-impedance CMOS buffer,”
IEEE Intcrnational Symposium on Circuits and Systems
, Vol. 1, pp. 485-488, 1996.

ITC-CSCC 2002



