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Fig. 217 Connecting four fransisfors in parallel to realize a single large
transistor: (o) the layout, (b) the schematic drawn in the same relative posi-
tions as the layout, and (] the circuit redrawn to make the parallel transistors
more obvious.
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nent sizes. These other effects include those caused by boundary conditions of an
object, the size of the opening in a protective layout through which etching occurs,
and the unevenness of the surface of the microcircuit [Maloberti, 1994]. For these
reasons, the absolute sizes of microcircuit components can seldom be accurately
determined. These inaccuracies also affect the ratios of sizes, although to a lesser
degree, when the ratio is not unity (unless the second-order size error effects are
matched). Matching second-order size error effects is done mainly by making
larger objects out of several unit-sized components connected together. Also, for
best accuracy, the boundary conditions around all objects should be matched, even
when this means adding extra unused components. Next, we give some examples
of how to apply these principles with regard to realizing transistors, capacitors, and
resistors.

Transistor Layouts

Transistors in analog circuits are typically much wider than transistors in digital cir-
cuits. For this reason, they are commonly laid out using multiple-gate fingers similar
to the layout shown in Fig. 2.17. When precision matching between transistors is
required, then not only should the individual transistors be realized by combining a
single-sized unit transistor, but the fingers for one transistor should be interdigitated
with the fingers of the second transistor. This approach, known as common-centroid
layout, helps match errors caused by gradient effects across a microcircuit, such as the
temperature or the gate-oxide thickness changing across the microcircuit. An example
of a common-centroid layout of two identical matched transistors whose sources are
connected is shown in Fig. 2.19 in simplified form [O’Leary, 1991; Maloberti, 1994].
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Fig. 2.19 A common<centroid layout for a differential source-coupled pair.




