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Abstract- A digitally controlied V-1 converter is presented. The basic clement of fhe
converter s 3 MOSFET-only current divider [1]. The resuls of = practical
discussed. The programmable V-1 converter prepesed in this work can be readiiy
applied 10 MOSFET-( contnpons-tmme amplifiers. filters and oscilistors

Introduction

Continuous-time filters are needed for manv sipnal processing applications such =s for
amuahasing and reconstruction. Ome of the mos! successful methods to intcgrale continuous-
tme filters uses the so-called MOSFET-C structures [2]. These contmuons-time filers are
derved from classical active-RC filters, with the resistors being repiaced by MOS transistars
operating m the mods regior. Special wehniques (23] have been developed In order to reduce
the harmonic distortion dee 1o transistor nonimeares. MOSFET-C filers aiso suffer from
high vansbility of the frequency responsc owing 10 process devistons, fhermal vETiEGODs

=ndior aping, requinng adjustmen: of componemn valwes mn order o kecp the freguency
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response ‘wifhin accepmsbic fmits. Uisually, the owtpst comductance of the MOSFET.
commrolied by the gate voliage, is admsied m omder o get the desimed freguency response.
However, this stmiegy of tming changes the operating point of the MOS tansistors,
degrading the linearity of the filter

in this paper we proposc the application of MOSFET-only current dividers (MOCD) [1] in
much silicon area. Moreover, the proposed technigue does not requure changes m the gme
voltage, avoiding degradstion in the fimcarity of the filter Teming methods such as those
presemiec n [4-6] &re readihy appied 1o the method proposed here

Principie of the method

The proposed scheme of the digially controlied V-1 copvener 3s hassd npon the structure
shown in Fig 1 [2] which essuming mached tansisiors, allows climinating fhe cven
noniinearities of the differential outpast corrent (1;-1). In our proposal. M; and M; arc repiaced
by MOCDs, represemted in Fig. 2. The outpm current of the MOCD is & fraction. selected by 2
dagital word, of the mpw curren:. This programmabie corremt divider has two ing advaniages
over other dignaliy programmed divigers (1) MOSFET s perform simuitaneousiy a slement
of the divider network and 2s switches and (ii) the impedance of the current anenustor s
independent of both the number of bits and of the afienustion factor Morsover, the high
imeanity of fus current division techmgue [1] hes been proved adequate for analog signal

PrOCESSINE.
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Fig 1 Structure of an MOS mear V-1 converter
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Fig. 7 - Proposed structure of the digitally programmable ¥ 10 | comverter for aophcations m
MOSFET-C filzers

The proposed scheme for applications i MOSFET-C filters 1s shown in Fig 3. The clemems
in the feedhack joop can he resistors or capscitors [2] In the scheme shown m Fig. 3. the gae
voltage is kept constamt &1 Vpp- Let 15 essume the 1-V chamctenistic of the MOSFET in the

Trioge region s given by [7.8)
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for the differential outmn current:
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Ia—lp =-200-Dka—Vp(Ve—Vou) @

assuming matched MOCDs and o=f. Noie that, in fhus case, Vs~<Vpp-Vog)in and the
differential outpit curremt docs not depend on Vx. It should be also observed that the
equivaient aspect Tano [B] of the MOCD is one haif the aspect mtio of 2 single tansistor of
the association shown in Fig 2.

Owr apalyvsis of the ompn currem of the V-] conventer has been himited 10 the the resulis
obizined from egn (1), & simplified description of the MOS ompant charscteristic. Ansiviical
results for the harmomic components of the ompi corrent, obtained from more siaborated
cxpressions, can be found elsewhere [27].

Generation of the common-mode voltage

in order 1 get the maximum voliage swimg. the common-mode vohage has 1 be egual 1o half
the pinch-off voltage V3. the limut of the dram voltage 10 kesp 2 MOSFET in the tniode region.
Assuming the 1-V chamcteristic of the MOSFET is given by eqn. (1), 2 bias voliage =gual ©©
V2 15 obtmined at the imermediate node of the senes association of =qual tramsistors shown
i Fig 4. Note that, for the biss condinions shown. the topmost transistor in Fig. 4 s in the
ssturation yegion while the others operate n the mode region [8]. Fig. 5 iliusates the corves
of both the ompuw corren and the voliape = the micrmedimc node shown in the series

association of Fig 4. For the mansistors chosen, Va4V for V=Vp=3V.
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Fig 4 - Volage divider for the Fig 5 - Onatpan characieristic of the series commected
peneration of the common-mods MOSFETsinFig 4
voltope

Experimental resuits

In omier 10 valideme the proposcd method, we heve buik ap smplifier with discrete op amps.
Tegistors and Two identical, b from different chips. MOCD networks of two bits each one.
The MOCDs are make wp with NMOS mansistors for winch W=36um and 1=Sum The
mensier finction of the amplifier, sclecied by cgual digital words W the two currem
atenustors. i< shown in Fig. 6 for voltape gains of -2, -1, 1. 2. The voltage gains are scaled by
aTatio dependent upon the MOS network parameters and the oxternal resistance values Fig 7
ﬁhphuqndhhdnpq&ﬁ!htnqndnw
‘amplificr whose inputs are those shown in Fig 7
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- Tramsfer functions of the digiially programmabile amplifier with voliage gams of
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Conciusions

The apphicsnon of MOSFET-only corrent ateenuators in contmmsons-time MOSFET-C fikers
ne< heen proposed and analvsed The technigue aliows casy programmability bv means of &
Gigita! word appliec 1o the MOCD. Tuning methods presented in the techmical literature (46
can be readily applied o the stucre proposed here. Techmigues 1o reince  barmomc
disortion [%-10] can also be applied 1gether with the scheme proposed i this paper.
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