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The second assumption of Fig. 2.1 is that the pullup and pulldown subcircuits
are series-parallel, The circuit of Fig. 2.2 is of this type, where every transistor in
either the pullup or pulldown subcircuit is either in series or in parallel with some
other transistor. Transistors a and b, for example, are in series in the pulidown
subcircuit and in parallel in the pullup subcircuit. The third assumption is that the
pullup and palldown subcircuits of the circuit are geometric duals [Ha6%9}]. .Dual
subcircuits reverse the roles of the series and paralle] operations; every transistor in
series (parallel) with another transistor in one subcircuit is in parallel (series) with its
dual transistor in the other subcircuit. Furthermore, duoal transistor pairs in the
subcircuits have the same signal label on their gate terminals. The pullup subcircuit
of Fig. 2.2 the geometric dual of the pulldown subcircuit. The height restriction of
the fourth assumption is illustrated by the longest path of wansistors ¢, d, aand g in
the pullup subcircuit, Since no path in either subcircuit is longer than this, the
circuit height is four.

The remaining three assumptions relate to the layont of transistors in the
functional cell. First, we briefly discuss the role of the three layers: metal,
polysilicon and diffusion. Diffusion.and polysilicon.are primarily used. for creating.
transistors, which occur where these layers cross, as shown in Fig. 1.9. They. can
also form interconnections, but they have higher resistance and capacitance than the.
metal layer, whose primary role is interconnection. The metal layer is on a different
plane than either the diffusion or polysilicon layer, and requires a contact to make an
electrical connection with these other layers. Two such contacts are shown in Fig.
2.3(b) along the bottom row of metal, interconnecting the diffusion regions of the
pulldown regions to GND. Although we only use one metal layer, some IC
manufacturing processes offer two or more layers.

The fifth assumption of two rows of transistors is illustrated in Fig. 2.3(b),
where the pMOS wansistors are placed in the upper row and the nMOS transistors in
the lower row. The sixth assnmption about interconnecting the gate terminals of a
dual transistor pair with a vertical polysilicon column is illustrated in Fig. 2.3(a),
where the pMOS and nMOS dual transistors labeled ¢ in Fig. 2.2 are vertically
aligned in the leftmost column also labeled ¢, and their gate terminals are connected.

Assumption 7 of Fig. 2.1 defines the methods of interconnecting those source
and drain terminals in the layout that are connected in the transistor circuit. First, we
outline how drain-source terminals of transistors are interconnected or electrically
isolated in the functional cell, and how this affects cell size. Terminals connected in
the transistor circuit are connected in the cell either by metal wires or diffusion
abutment; those not connected in the ¢ircuit are isolated either by not placing such
terminals adjacent to each other or, if placed adjacent, by inserting a diffusion gap
between them. The position and orientation of transistors in the cell determines
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which connection or isclation methods are used, and consequently determines the
width and height of the cell.
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Fig. 2.3. A functional cell: {(a) with no diffusion abutment; (b} with diffusion
abutment.

The rules for the varicus interconnection methods allowed by the seventh
assumption are now given. Drain-source terminals that are connected in the
transistor circuit and that are also adjacent in the cell are connected by diffusion
abutment; this case is illustrated in Fig. 2.3(b), where transistors b and s are
connected in this way. Transistors connected in the circuit but nonadjacent in the
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cell are connected by horizontal metal wires; Fig. 2.3(b) shows a metal wire in the
pullup subcircuit connecting the diffusion region between columns & and f to the
region between columns g and &. Drain or source terminals of two transistors not
connected in the circuit but adjacent in the cell are isclated by an area-wasting
diffusion gap. In Fig. 2.2, transistors £ and g are not connected in the pulldown
circuit, but are adjacent in the layout of Fig. 2.3(b); therefore, a diffusion gap is
required between them.

We illustrate the layout process with Fig. 2.3. Assume we choose to place the
dual transistor pairs in the cell in the lefi-to-right order of ¢, d,f, ¢, @, b, k and g.
Each transistor is oriented in one of two ways, such that its drain terminal is gither
to the left or the right of its polysilicon gate terminal. First, let us consider the cell
of Fig. 2.3(a) which uses only the metal layer to interconnect drain-source transistor
terminals. A diffusion gap is placed between each pair of transistors, whether the
adjacent terminals are to be electrically connected or not. Note that if only metal
interconnections were used, all placements of transistors would result in a cell of the
same width W. Inthiscase, W=T+ G + 1 =8+ 7 + 1 = 16 units (columns).
However, by choosing a good placement and orientation of the transistor pairs, and
using diffusion abutment, the width of the cell can be reduced. Figure. 2.3(b) shows
a layout having the same transistor placement and orientation as that in Fig. 2.3(a),
but using abutment wherever applicable. The cell width W =8+ 1+1=10
columns. The height of the cell of Fig. 2.3(b) in terms of the number of metal rows
is seven.

The height minimization problem depends on the number of metal
interconnection layers used within a cell. Traditionally, one layer of metal is
provided for interconnection purposes by chip fabrication processes, although more
recently two or more layers have become available, Some iayout styles use more
than one metal layer for routing within a cell, whereas other styles employ enly one
meial layer in the cell even when more are available, reserving the other layers of
metal for connections batween cells. If more than one layer of metal is used within a
cell, then in some cases cell height can be made smaller than the height of a cell
using only one metal layer. The height problem is also affected by the number of
contacts required between a metal layer and the other layers to ensure that a given
fabrication process produces a reasonable percentage of working chips and that the
total contact resistance is low enough for good circuit performance. For these
reasons,.multiple.contacts. become particularly important for submicron processes.
The height of a cell may be larger if muitiple contacts are required, when compared to
a cell using single contacts. The vast majority of prior laycut methods use a single
layer of metal for cell interconnection; moreover, almost all of them use a single
contact between metal layers and the other layers.
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