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ABSTRACT

This paper presents 2 simple approach to design low output conductance
composite transistors, wider at the drain end tham at somrce emnd. These
tramsistors have two main sdvantages over "DUC eguivalent”™ tramnsistors of
uniform width: significant silicon area savings and ap increase in the cutoff
freguency. The main envisaged application is the integration of analog circmits in
digital gate arravs.

L INTRODUCTION

The MOS techmology has proven 10 be well suited for the implcmentation of maxed
analog-dagital systems. To mcrease design speed the gate arrav approach has been exicnsively
used for dugmnal circunts However, only very few gate armay implementanons of combmed
analog and digital circurts have been reporied [1-3]. Gaie array transistors usually have
minimum channel lengths Although this feamre is desirable n dignal applicanons, seveml
transistor channel widths and lengths are needed for precision analog corcwnts. It has been
pomitced out [1] that paralic] connection of unit tansisiors yiclds wade-channel tansisiors
while sernial connection produces long-chanmel transistors Howewer, the transit timne of the
senes connecied ransistors 1s proportonal to the sguare of the number of senes transistors.

Thas paper presents a simpie method 1o design compositce MOS dewvices consisting of
associations of unit transistors. It is shown that the T-iransisior of Fig 1 (a) , with the dam
end wider than the source end, has almost the same DC chamctenistics as the R-transistor of
Fig 1 (b) Two advantages arc obtamed from using a T-transistor in heu of an R-transistor:
area savings and an mncrease n the cunoff freguency .
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II. DC CHARACTERISTICS

In the triode region, using the gradual channe] approximation the dramn curremt 14 of
an MOS transistor can be written [4] as

=K[g(v,.ve)—2lv,.v.)] &)

where all voltages are referred to the substrate voltage, cmpheasizing the symmetrv berween
dramn and source.

From egn (1), the following expression holds for the composite transistor shown in
Fig 2
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Hence, the drain current in the composiic IransISior Is
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that of a singic transistor whose aspect ratio 1s K1 K2/(K1+K2) Moreover, Two ITansisiors arc
ailso equivaient in the saturation region if they have:

(1) the same aspect Tano K
(11) the same channe] width at the dram end

ficld at the channel end near the dram are ailmost the same Therefore, the composie
transistors in Fig. 1 arc equivalent at DC. Notice that the tramsistors connected between nodes
X and S in Fig 1 are always in the triode region provided the transistors connected to the
drain end are not in punch-through

Fig 3 shows the DC output characteristics of a unit transistor and of 2 square (3x3)
conductance of the composite transistor in saturation are readily verified.

The DC eguivalence of the composite transistors of Fig 1 is illustrated in Figs 4 and
5_in Fig 4, the two plots of the intcrnal potential V. are almost coincident, in particular for
high wvalues of the gate voltage Fig 5 shows the DC output charactensucs of the two
tmansistors. These characteristics are also almost comcident, particularly the output
conductance in the saturahion region



IIL. TRANSIT TIME
The mansit tme m an MOS mansistor 1s given by [4]:

1, 4)

T

where Qg 1s the total inversion charge
The transit time of the saturated trapezoidal transistor (Fig 1), calculated m smong
reference [5]. 1s given by
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where T = T, is the transit ume of the unit transistor 1n saturation and m 1s the number of
paraliel-comnnected unit transistors at the dram side

In order to evaluate experimentally expression (5). the normalized transit ime can be
WTIllen as:
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where Cgy is the gate-to-source capacitance and g, 1s the small-signal gaic transconductance

{4]

Em and g, have been measured n an HP 4145B sermiconductor parametcr analyzer
while C mcgumﬁmmmm&mmmmﬁgﬁ

ﬁg?stmsﬂle experimental results obtamned from the circust i Fig. 6 for both the T-
transistor and the R-transistor from Fig 1. The capacitive coupling mn the R-transistor 1s about
6 times larg=r than in the T-transisior Clearly, the transit time of the T-transisior 1s smalier
than the transit time of the R-transistor due to 2 shorer distance between points S and X
Moreover, the gate area of the T-transistor 1s reduced . relative to the R-transisior.

Fig 8 exhibits the normalized transit time of the compesitc transistor in terms of the
number of transistors connected to the drain side The transit titne Increases very slowiy with
the increasing number of paraliel-connected transistors at the drain side.



IV. DISCUSSION AND CONCLUSIONS

All the experimental resuilts presented 1n this paper were obtained from samples of the
C4007 mmegrated circuit. However, we have aiso measured DC charactenstics of MOS
composiic ransistors, made up of minimum channel-length (1 2wm) unit transistors,
micgrated m the 7th CMOS Bmanbhian muluproject chip The DC measuremems in the
micgrated compositc transistor have also corroboraied the theoretical predichon siated m
secnon [1

We have proposed m this paper a method to design composiie transistors wader at the
drain end than at the source end These transisiors can be designed 10 have 2 go,/g4. rano
substanuallv larger than that of 2 single ransistor without the corresponding reduction in the
cutoff frequency which would occur in a rectangular ransistor Hence, composiic transistors
are very useful for the design of simple scheme amalog sections for lugh speed and low

The use of composite transistors i1s not limited 1o applicanons 1n gale armavs. They can
also bc emploved mn full custom circuits providing easv-to-implement egquuvalents to
nonrectangular transistors [6]. Moreover, the IC designer can benefit from betier matching
properuies if unit transistors in composite devices are placed so that the effect of parameter
gradhents 1s minimized
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Fig. 1T — Composile lramsislors

{a) Trapezoidal transisler [(T-tramsistor)
(b)) Reclangular tramsistor {(R—-tramsistor)
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Fig. 2 — Series connected lransistors
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Fig 7. Experimental results for the gate-to-source coupling in the R and T-wransistors
(Vdb=Vgb= -3V, Vsb= 0V)
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Fig. 8 Normalized tansit ume of the T-transistor (m is the number of paraliel-
connected transistors at the drain sade)
= theoretical; O measured & Vgs—= -2V, * measured at Vgs— -3V,
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