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Fig. 6 1, against I,,
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Tuning control voltages V,, and V,, also affect the dynamic
range of the circuit owing to finite output conductances. In Fig. 6,
plots of I, against I, for several V,, and V,, values are depicted.
In the Figure, a linear relationship is observed between 1, and I,
for I, < 100pA.

Conclusion: A new current-mode damped integrator is proposed.
The circuit operates at low supply voltages since only two transis-
tors exist from supply to ground rail. Using two control voltages,
the corner frequency of the integrator can be tuned.
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Digitally programmable V-l converter for
application in MOSFET-C filters

M.C. Schneider, C. Galup-Montoro and S. Noceti Filho

Indexing terms: Digital circuits, Transconductors, Switched
capacitor filters

A compact digitally controlled V-1 converter is presented. The
basic element of the V-I converter is a MOSFET-only current
divider (MOCD) [i]. The programmable V-I converter proposed
in this work can be readily applied to MOSFET-C continuous-
time amplifiers, filters and oscillators.

Introduction: One of the most successfull techniques for integrat-
ing continuous-time filters uses the so-called MOSFET-C struc-
tures [2]. These continuous-time filters are derived from classical
active-RC filters, with the resistors replaced by MOS transistors
operating in the triode region. Special techniques [2] have been
developed to reduce the harmonic distortion caused by transistor
nonlinearities. MOSFET-C filters suffer from high variability of
the frequency response owing to process deviations, thermal varia-
tions and aging. This high variability requires the tuning of com-
ponent values to keep the frequency response within acceptable
limits. Usually, the tuning is performed on the output conductance
of the MOSFET, which is controlled by the gate voltage. How-
ever, this tuning strategy changes the operating point of the MOS
transistors, degrading the linearity of the filter.
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We propose the application of MOCDs [1] in MOSFET-C
filters. This design technique allows digital programmability with-
out requiring much silicon area, as compared to the conventional
implementation. Tuning the response of the filter does not require
changes in the gate voltage, thus avoiding degradation in the line-
arity of the filter. Furthermore, tuning strategies such as those pre-
sented in [3, 4] can be readily applied to the new structure.

IVG

—

VG
Fig. 1 Structure of MOS linear V-1 converter

Principle of method: The proposed scheme of the digitally control-
led V-I converter is based on the structure shown in Fig. 1 [2].
Assuming matched transistors, the differential output current (/-
1) is free of even nonlinearities. In our proposal, M, and M, are
replaced by MOCDs. The structure of the MOCDs is depicted in
Fig. 2. The output current of the MOCD is a fraction, selected by
a digital word, of the input current [1]. This programmable current
divider has two major advantages over other digitally programma-
ble dividers: (i) MOSFETs perform simultaneously as elements of
the divider network and as switches, and (ii) the impedance of the
current attenuator is independent of both the number of bits and
the attenuation factor. Moreover, the high linearity of this current
division technique [1] has been proved adequate for analogue sig-
nal processing.

I T T Voo | d:g;tna:‘)wllolrd al
% e o 2 r >
oo 1 T | MOCD
(e dpe iyl T
N-1 i-
bit N-1 bit i bit 0 a=3bi 28V
a b iz0

Fig. 2 MOSFET-only binary current divider and its symbol

a Circuit diagram
b Symbol

Fig. 3 describes the application of the proposed scheme in
MOSFET-C filters. The elements in the feedback loop can be
resistors or capacitors [2]. The gate voltages of the MOSFETs are
kept constant at V.

14 alq  Vx
MOCD "L__]%
VN« V [
IN ¢ VCM ~_ 'F1! Yot
(-a)l T
(1 -Blz -
+ T VCM -
_VIN*VCM oCD F2
Iy BI 2

Fig. 3 Digitally programmable V to I converter for applications in
MOSFET-C fiiters

We assume that the I-V characteristic of the MOSFET in the
triode region is given by [6, 7]

WOt W [(vp Vo) = Vo)) ()

where ¥, is the pinch-off voltage given by ¥V, = (Ve Vrghn, Vio is
the zero-bias threshold voltage and n is the slope factor [6, 7). It
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Ip =



has been demonstrated in [5] that the series-parallel association of
FETs is equivalent to a single transistor. Therefore, the applica-
tion of eqn. 1 to the structure of Fig. 3, assuming matched
MOCDs and o = B, leads to the following expression for the dif-
ferential output current:

We o
Ipy = Ip2 = =220 = DuCon—Vin(Vp = Vou)  (2)

In this case, Vp = (Vpp—Vro)/n. The equivalent aspect ratio [5] of
the MOCD is half the aspect ratio of a single transistor of the type
shown in Fig. 1.

Our analysis of the output current of the V-1 converter has been
limited to the results obtained from eqn. 1, which is a simplified
description of the MOS output characteristics. Analytical results
for the harmonic components of the output current, obtained
from more elaborate expressions, can be found in [2].

Generation of the common-mode voltage: For maximum voltage
swing, the common-mode voltage must be equal to V2. V5 is the
limit of the drain voltage to keep a MOSFET in the triode region.
Assuming that the I-V characteristic of the MOSFET is given by
eqn. 1, a bias voltage equal to V,/2 is obtained at the intermediate
node of the series association of equal transistors shown in Fig. 4
[7). For this bias condition, the topmost transistor in Fig. 4 is in
the saturation region whereas the other transistors operate in the
triode region [5].

Vy =Vpi2

o
| e

Fig. 4 Voltage divider for generation of common-mode voltage

DD

1

Experimental results: To validate the proposed method, we built
an amplifier with discrete opamps, resistors and two theoretically
identical (but from different chips) MOCD networks of two bits
each. The MOCDs are made up of NMOS transistors [ = 36um
and L = 5pum]. The transfer function of the amplifier, selected by
equal digital words in the current attenuators, is shown in Fig. §
for voltage gains of -2, -1, 1 and 2. The voltage gains are scaled
by a factor that depends on the MOS transistor parameters and
the external resistance values.

output voltage

input voltage

Fig. 5 Transfer functions of digitaily programmable amplifier with volt-
age gains proportional 10 -2, -1, 1 and 2

Conclusions: The application of MOSFET-only current attenua-
tors in continuous-time MOSFET-C filters has been proposed and
analysed. The proposed structure allows easy programmability by
means of a digital word applied to MOCDs. Tuning methods pre-
sented in the technical literature [3, 4] can readily be applied to the
structure presented here. Techniques for reducing harmonic distor-
tion [8] can also be applied together with the new scheme.
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Isolated step up/down three-phase AC to DC
power supply

C. Pollock and E.K. Miti

Indexing terms. Switched mode power supplies, Circuit design

A new circuit for providing an isolated DC supply from a three-
phase AC source is described. The circuit uses a very simple
control scheme to ensure that the current drawn from the AC
source is sinusoidal. Unlike previous circuits, the isolation is
provided by integration of a second stage converter into the
circuit such that pulses of energy are transferred from the input
stage to a unique parallel resonant circuit which automatically
transfers the energy to the load without any intermediate energy
storage. The operation of the circuit is described and some
experimental results are given.

Introduction: With forthcoming legislation, it is becoming essential
for manufacturers of electronic equipment to ensure that the cur-
rent drawn from an AC supply contains a low level of low fre-
quency harmonics of the fundamental current. In conventional
rectifier circuits the symmetry of the source current waveform is
destroyed by the smoothing capacitor. This results in a power fac-
tor for the circuit which is <1. Unity power factor can only be
achieved when the current drawn from the supply is both sinusoi-
dal and in-phase with the supply voltage. It is desirable to operate
as close to unity power factor as possible since this minimises the
RMS current drawn from the AC source for the given output
pOwer.

Power electronic (active) circuits for sinuscidal rectification
have been the subject of extensive research over the last few years
and many possible circuits exist. Prior art circuits are common for
power factor correction of single-phase AC to DC converters, but
circuits are less common for three-phase AC to DC converters.
The circuit described in this Letter arose from a need to produce
an isolated and controllable DC output, from a three-phase AC
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