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Abstract —This paper describes algorithms for automatic layout The new layout style allows functional cell layout generation usable
synthesis of leaf cellsin Idand in anew 1-1/2dlayout style, useful by standard place—and-route packages for different logic implementa-
for non—dual circuit styles. The graph theory based algorithms use  tions. This paper describes graph theory based algorithms for the task
concepts set forth by Euler and Hamilton to achieve two tasks. The  of transistor placement and for the placement of the connected groups
transistor placementalgorithm uses the Euler’'stheorem, whilethe  of transistors. The transistor placement task is based on the popular
placement of the groups of the transistors is achieved by using Euler’s theorem and the task of group placement is influenced by the
Hamiltonian graphs. Results show that the algorithms produce  Hamiltonian graphs.
extremely competent layouts when compared to other algorithms  The important parameters that are used to traverse a graph are trail
in the literature and manual layouts. and path. A trails defined as an alternating sequence of vertices and
1. INTRODUCTION edges for which all edges are unique, and aipdtfined as a sequence

This paper addresses the layout generatiofundtional cells, for which no vertices are repeated. A non-trivial closed trail (Grder
defined as basic functional entities in a design, but more commonf) is called a circuind a circuit where all except two vertices (start and
called “cells.” These are classified as one—dimensional) (4nd  end) are distinct is a cyclEulerian trailof a graph G is defined for a
two—dimensional (2d) cells. A one—dimensional cell is an array of connected graph G as an open trail containing all the edges of G. A cycle
transistors in which all drain and source terminals lie along a single &f a graph G containing every vertex of G is called a Hamiltaryiale
double horizontal row(s) of diffusion and the growth of the cell is in onef G; thus, a Hamiltonian graph is a graph that possesses a Hamiltonian
direction only, usually along the horizontal axis. Two diffusion arrayscycle.
are typically used for a CMOS technology, one for the pull-down Il. COMPARISONWITH OTHER RESEARCH
circuit (Ndiffusion) and the other for pull-up (Pdiffusion). In the  Earlier algorithms developed by Uehara and Cleemput [1], Madsen
two—dimensional cells, the Ndiffusion and Pdiffusion are notrestrictegb] and Nairet al.[3] can be characterized by their use of the Euler’s
tosingle horizontal lines and growth is in both directions, i.e., along thgheorem to find the dual-Euler paths in the circuits of series—parallel
horizontal and the vertical axes with multiple rows of Pdiffusion anchatyre where the pull-up and the pull-down circuits are duals of each
Ndiffusion. Algorithms which automatically generate the symbolicother. These algorithms do not always find the optimal results. They
representation of the functional cells from a schematic representatigghore routing and heuristically determine the minimum number of
have been described. In a symbolic representation of a cell, variodgal—Euler paths. The mathematical basis provided by Chakravarty [4]
components such as the transistors and the nets are placed on a virf§&brmines that choosing an ordering of transistors such that the number
grid relative to the placement of other devices rather than at fixegf routing tracks are minimized is aNP-hard problem. This
locations defined by the process design rules. Different design rulgathematical analysis is based on the Euler theorem and assumes
dependent views or physical views can then be compiled from thgeries—parallel circuits where the pull-up and the pull-down circuits are
symbolic view for a given process technology. duals of each other.

The algorithms are capable of generating the functional cells in the other algorithms described in [5]- [10] are based on two fundamen-
one-dimensional layout style and also in a new layout style, which ig| operations: transistor pairing and placement of the paired groups, the
considered to be one-and-a-half-dimensional (1e)l/B-1-1/2€  only differing characteristic being how the transistor pairs are chosen
the Pdiffusion is not restricted to be placed in a single row. Somgnd how the groups are placed. Wiral. [5] first pair the PMOS and
Pdiffusion could be placed in the Ndiffusion row; similarly, the the NMOS transistors to share a vertical column and then form diffusion
Ndiffusion is also not restricted to be placed in a single row. Thus, thegains by using an exhaustive search. Ifthe total number of chains is less
is some restricted growth along the vertical axis. Fig. 1 shows the layoifan or equal to five, the group of chains that minimize the overall

style for the 1d functional cell and the new 1-124unctional cell.  ¢jrcuit cost is found and placed linearly by using an exhaustive search.
If the number of chains is greater than five, then a random placement is
+++ performed. Chen and Chow [6] also begin by pairing the PMOS and the
P_diffusion ' NMOS transistors in three steps. A weighted bipartite matching
N-diffusion operation is performed to pair the transistors that were not paired either
++ + in the circuit netlist preprocessing step or in the polysilicon gate based
1-d 1-1/2—d pairing step. A diffusion sharing graph (DSG) is derived from the pairs,

where each vertex represents a pair and an edge indicates sharing of
diffusions between the pairs. The DSG is modified to obtain an

32nd ACM/IEEE Design Automation Conference (1 adjacency graph from which the authors derive Hamiltonian paths by
Permission to copy without fee all or part of this material is granted, provided usinga br_anch—and—bognd algorithm. The orientation othe transistors
that the copies are not made or distributed for direct commercial advantage, IS determined by scanning the placement from left—to-right followed
the ACM copyright notice and thetitle of the publication and its date appear, by a scan from right—to—left.

e o Sy SO 1y pATCn o e pason oL Onget al. [7] also begin by pairng the o types of tansistors,
and/or specific permission. 0] 1995 ACM 0-89791-756-1/95/0006 $3.50  followed by formation of the diffusion lines by using a branch—and—

bound algorithm. A diffusion line is formed by alinear placement of the

Fig. 1 One and One—-and—a-half Dimensional Functional Cell
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transistors in the circuit. These lines are then placed linearly; wideouted symbolic view of the cell. Our goal is to enable the user to edit
transistors are broken into smaller ones and routing is performedirectly the symbolic view to improve the results of the placement and
Poirieret al.[8] also begin by pairing the two types of transistors tothe routing programs since additional design considerations may be
produce a 2d-layout of the cell. Hwangt al [10] say that since the important, e.g., performance vs poly resistance. The optimized
height of the cell is user defined, the layout area can only be minimizexymbolic view of the cell is the input to the rendering program, which
by minimizing the width of the cell. The authors disagree with thiscreates the detailed layout of the cell based on user defined properties,
claim [10] since the heightis also important in many cases. The authaegy., width of the power busses, height of the cell, etc. The design rules
view that the layout area of the cell is reduced by minimizing the widtland the final device sizes are also input to the rendering program. The
and the height of the cell, where the most effective way of reducing treymbolic view is created by assuming a standard device size. If a final
width is by minimizing the diffusion gaps with proper placement of thedevice size is larger than the “permissable” device size, the placement
transistors. This also affects the routing density which affects celind the routing steps are rerun with transistor folding, if necessary.
height or permissable transistor width. In the synthesis process

described by Hwanet al.,the authors maintain the user defined height Placemenit
by folding the transistors (which increases the width of the layout) rogram
and/or by using cell templates where the horizontal metal-1 or metal—2 Ny
[10] power busses are placed in the middle of the cell. %mboll
. . ceme
Algorithms based on expert systems have also been devised. The
algorithms use a rule based transistor pairing and placement [11]. The "y out|n S\ém.k;)lic endering
exact algorithms described in [9] use various classifications of the dual rogra rogram
paths for circuits of height four or less (maximum of four transistors in Bﬁoﬁrﬁg

/
A

series) to determine the transistor placement which provides the SSvmbo :
minimum number of gaps and routing channels. t

'_I'he algorithm described b_y Madsen in [2] uses the du_ality princ_iple Fig. 2 Layout Synthesis Process
to find the Euler’s path for various user specified constraints, e.g., fixed
i/o pin placement, fixed netlist or changeable netlist. The series and The objective of the transistor placement algorithm is to minimize
parallel subgraphs are reduced. The path tracing is initiated in thibe number of diffusion gaps in the circuit while trying to minimize the
parallel graph, where all possible paths between two end points anember of routing channels required to form the interconnect among
found. Then the series graph (dual of the parallel graph) is traced to fitldle transistors. Fig. 3 illustrates the diffusion gaps and the alignment of
the maximum dual-Euler path(s). For the changeable netlist configuréwo transistors so that the polysilicon can be on the same vertical
tion, the edges (transistors) in the series graph (series network) candsumn. Other transistor alignments are also possible as shown in the
swapped as long as the Boolean logic function is preserved. A gaplést hand side of the figure, common in multiplexer gates, where the
inserted if the next vertex (circuit node) cannot be reached. The solutigrolysilicon gate is not used for alignment. The figure also shows the
which has the minimum number of dual-Euler paths is chosen as therizontal routing tracks.

final solution.

Although our transistor placement algorithm appears to be very diffusion gap olvsilicon
similar to the algorithm described by Madsen [2], it is fundamentally | S 4 &e¥a|1
different; itdoes not assume duality and does not expect the pull-up and trackﬁsﬂ i !5! N
the pull-down circuits to have the same number of transistors, or even track’\\‘\\ '5 55 transistor
the same number of input signals. No graph reduction is possible Y s alignment
because of the above assumptions — unlike the algorithm described in track.x\!\ . ;-

[2] which assumes that parallel connected transistors will be series LEVE NN

connected in the dual network and vice—versa. Unlike the previous 5 5 | 5 o

algorithms, which begin with transistor pairing, our algorithm begins transistor chaining

with a vertex (circuit node) alignment. The best transistor pair for the Fig. 3 Related Terminology

selected vertices is then determined. This is different from the delayed

binding procedure described in [2] which finds a linear placement of the

transistorsinthe series graphforall possible linear transistor placements IV. ALGORITHMS FOR TRANSISTOR PLACEMENT
in the parallel graph. A. Graph Transformation and Circuit Partitioning

The transistor netlist is expected to be non—changeable. No The layout synthesis process begins with a circuit transformation
reordering is attempted as the layout generator is expected to be drivamocedure, for which the vertex set of the graph is defined by the circuit
by an optimizer described in [12] that produces optimized schematig®des and the edge set is defined by transistor labels since there may be
considering the global constraints, e.g., performance requirementsmore than one edge per vertex pair. For the graph representation, each
gate input defines a row which contains two sets of edges, one for the
pull-up network and another for the pull-down network. The transistor

Fig. 2 shows the block diagram of the entire layout synthesisource anddrainconnections, the standard size ofthe transistorsetc., are
process. The process consists of three major parts: Placement, Routitgp stored in the representation. The vertex lists are separately formed
and Rendering. The first part is the placement program, which consisted are called pvergd nvert$or the two networks. The degree of the
of graph determination and partition phase, the placement of transistarsrtices, the type of the vertex, etc., are stored in the vertex list. Every
for each partition and the placement of the partitions (or subcells). Thertex is classified as internal, external or supply. The supply nodes of
output of the placement program is a partial symbolic view for whichhe circuit are represented by suppéytices. An externalertex is a
the transistors are placed on a virtual grid. The second partis the routicigcuit node common to both the networks, and a vertex which is neither
program which operates on the partial symbolic view and creates tlzesupply nor an external vertex is_an intexratex. If an edge exists

Il PROCESSOF LAYOUT SYNTHESIS
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between two external vertices, then both the vertices are reclassifiedtae new CPL logic family. The logic style is derived from the circuit
xfer vertices. The common edges, or the transistors, for this arranggraphs, and the layout architecture is determinatipd4—1/2-€. For
ment form a transfer gate. This structure has a versatile use andtle 1-d layout architecture both the P—graph and N-graph are
extremely popular in the design of latches, flip—flops, multiplexers, etaconsidered simultaneously; whereas for the 1-dlf2yout architec-

For a cell consisting of smaller sub—functions, the circuit istUré the graphs are considered separately.

partitioned into subcells. For this phase, unique groups (or sets) of The weight of the vertices is calculated based on the degrees of the
transistors are formed such that the intersection of the vertex lists of thertices and circuit configurations. The vertices with a degree of 1 have
subcells yields either a null set or a set of supply vertices. Fig. 4 showlse highest weight, followed by the remaining odd vertices which have
the circuit schematic of a JK flip—flop cell. The JK flip—flop is made ofalower weightin descending order of degrees. The even degree vertices
many different small subcells. The transistors that are connected lagve the lowest weight in the descending order of degrees. The vertex
source or drain to other transistors are considered as strongly connectégssification, supply, xfer, external and internal also influence the
transistors. The supply connections are not considered to define thighting criteria. Depending on the distribution of the vertex weights
strong connections among transistors since the various subcells mawe of pverts or nverts is chosen as the preferred vertex list. Fodthe 1—

share Vdd/Gnd nodes. layout architecture, all vertices in the preferred list are compared to the
G5 vertices in the other vertex list to obtain a set of two vertices. The set
ck —>o———>0- contains one vertex from the pull-up circuit and the other from the
G4 G3

pull-down circuit, which have to be aligned. For the 1-df2yout
architecture, the vertex set is derived from a single vertex list. The set
of two vertices found above for both the layout architectures is called

the seed vertex pair

A set of transistors ¢§ is found for the seed vertex pair, such that at
least one ofthe source/drain terminals of the transistor pairs corresponds
tothe vertex pair, and both the transistors have the same subcell—id. The
transistor pair that forms a multiplexer gate is preferred. Otherwise, the

Fig. 4 JK Flip Flop Circuit Schematic transistors are aligned based on the gate terminals. If a suitable transistor
. o . . air is not found, then all the transistors {naBe searched to align the
A recursive graph—partitioning algorithm is used to collapse alEertex pair, and consequently the transistor pair. If a suitable transistor

parallel transistors to form a group of series connected vertices. Allairis not found, then another seed vertex pair is chosen and the process
vertices that are adjacentto the non—supply verticesinthe series-grqiRepeated.

are found. This provides all the sub—graphs for the subcells that are ) . o )
contained within the cell of interest. All of the sub—graphs in the Afterthe transistors have been aligned, the next vertex pair is derived

pull-down circuit set are compared with the sub—graphs in the pull-Jffom the transistor pairandthe process isrepeated until all the transistors
circuit set to find the subcells that have common external or xfell the group have been covered. Ifincident edges cannot be determined,
vertices. These groups from the pull-up set and the pull-down set tHi€" @ gap is inserted and the process begins by choosing a new seed
have common external or xfer vertices are merged to form a singéetex pair.

-
-
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G4 G5 G6 G7

Fig. 5 Various Groups in the JK Flip Flop
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Fig. 6 Transistor Placement for Some Subcells in JK Flip Flop

. . The trail determination problem for minimum routing tracks is
B.Transistor Placement Algorithm harder when the pull-up and the pull-down circuits are considered
The transistor placement algorithm operates on a subcell or a grospnultaneously. If the number of PMOS transistors in a circuit are
at one time and begins by finding a set of best vertex paikg that  considerably larger than the number of NMOS transistors or vice—ver-
potentially provides the minimum set of trails. The two vertices aresa, then the pull-up and the pull-down circuits are considered
usually chosen such thgt € {pull~up circuit nodes} andj & separately, enforcing a 1-1#ayout style. This style provides an area
{pull-down circuit nodes}, but the selection could be suchvihgte improvement over the tHayout style if the difference in the number
{pull-up circuit nodes} om, y € {pull-down circuit nodes}. This  of transistors is six or more for the MOSIS scalable technologies. No
flexibility of choice of vertices has not been observed in any of thémprovement in area is attained if the difference is four. For the
previous algorithms. This flexibility, coupled with the modularity of difference of less than 4, the 1-1ddayout style requires more area
the algorithms, provides a unique capability of being able to generatkan the 1élayout style due to the spacing rule between the two types
layouts for various logic families. Two representative logic families aref diffusions. Fig. 6 shows the transistor placement results for a few
chosen to demonstrate this unique capability: the most common aseélected groups from the JK flip—flop. The layouts of the other groups
rich static CMOS logic family with non—dual multiplexer gates, in the JK flip—flop are trivial and are not shown. In the groupi@
series—parallel or non—series—parallel transistor interconnections, asinals $and M form xfer vertices and are aligned as shown. In groups
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Gy and G there are no xfer vertices, but the correct pairs of transistors A recursive algorithm is used to scan the ordered list to merge the
are aligned. diffusion gaps. Fon (n > 3) groups, the second group is checked
C. Group Placement Algorithm against the first and the third. A cost for mirroring group one and/or
group two based on the number of nets crossing the boundary is

The transistor placement algorithm can be repeatedly called for thgstimated. Then the third group is considered and is compared with the
cells that consist of subcells, as in the JK flip—flop. The transistofourth group to calculate the cost for mirroring group three. This
placement algorithm results in sets of unbroken diffusion chains callgstocess continues for all the groups in the cell. The recursive
groups. The number of groups may not be the same as the numbeg@jorithm takes into account merging two groups and considers the
subcells because a subcell may result in two or more broken diffusiasifect of the new merged group over the entire cost. Thus, many cost
chains. The re-grouping algorithmis used to find a linear placement fgalues are calculated. The recursive algorithm continues until no more
the groups such that for any vertical cut across the cell, the number @lerging can occur. A linear scan follows the previous recursive scan to
nets crossing the cut is minimized. The nets within a group (internahirror and merge the groups based on the previously generated cost
nets) and nets among groups (external nets) are used to calculate Jafues. An interactive capability is also provided to control the group
value of the cut. The external nets (excluding the power supply nets) gseacement and merging. The relative position for each group is
further classified as asingle external netusedtointerconnecttwo grougsecified by the user which determines the placement and the routing.
and a multiple external net that connect more than two groups.

a o

A Group Adjacency Graph (GAG) is derived for this algorithm. The

a a o o a a a a o a a a a a a o o

various groups form the vertex set and the edge set is defined by t EIf « = 8ES =8« B@EE < § = fE@s = gEs =0 fe i@ e SEmy e
interconnections among the groups. Fig. 7 shows the group adjacer = B B == @& =@ @& = @& e =@ e b E@eE=
graph for the JK flip—flop. Complete subgraphs are formed by usin | L 4
multiple external nets and then pruned such that the maximut | | .
adjacency between groups is preserved. The pruned graph is called
Minimal Group Adjacency Graph (MGAG), as it preserves the " ) I I8}
maximum adjacency and is minimum with respect to the property ¢ - g
maximum adjacency. Fig. 7 also shows the MGAG for the JK flip—flop RN
b S1 b S1 = EfcpeJEp: fEE - jEy-p e fEpef e jE) - =
caG: 2 MeAG: 2 al: el sl e ksl ksl
S2,81 S2,S1 = a
cBE - -E-EE - E - E -
p7 p pb p‘ ‘l o a a a o ] o o a a o o
- [='] o
o5 B - g 1 -_n |
a = i r =2 1 =
Fig. 7 Group Adjacency Graphs == & - S LCanlE S=0
= [
A linear ordering of the groups is found from the MGAG to o @ & sfis St e ottt 2 dmd - ag
minimize the maximum number of net crossings across a grou = o e P
boundary. This task is performed by using a branch-and-bour = A -

a o

algorithm which begins by identifying a set of vertices which have the
maximum weight (internal nets) and minimum degree (default mode).
Alternatively, the user can also force the selection of the seed vertices
by defining a global parameter that makes all the vertices inthe MGAG
the seed vertices.

Fig. 8 Layouts of the JK Flip—Flop

V. RouTING

Initially, routing was achieved using YACR which is a symbolic

Each seed vertex starts a solution, the vertices adjacent to the sebannel router. Only asingle routing areawas used; thus all the routing
vertex are examined to find the one with the maximum degree. If marwas in the middle of the two diffusion areas. YACR is a two layer router
vertices have the same degree, then weights are examined to find tigically used for routing standard cells with two layers of metal. Some
next solution point. If many vertices have the same weight and degregggst—processing was added to support the routing in polysilicon layer.
then the solution is branched. This recursive process continues until all Support for two additional types of routing has been created: metall
vertices have been included or until the solution cannot be grown amguting over the transistor active areas and poly routing in the corridors
more (incomplete solution). Each incomplete solution is examined faunder the metall supply buses. The former takes advantage of silicided
the remaining vertices to find the complete solutions by using a greegyocesses. The secondis effectively restricted toriver routing with three
algorithm, which modifies the incomplete solution. Each non—includedbasic connections: poly wire to poly gate, to poly wires running
vertex is greedily put in the incomplete solution such that the increasertically through diffusion gaps, and to poly metal contacts. Since the
in the value of the cut is minimum for each iteration. The final solutioratter connection cannot be placed under the power bus, it has only
for the JK flip—flop is shown in Fig. 8. The solution has been obtainetimited use. Four general types of wiring have been identified as being
by using the default seed vertex selection. The branch—and—boungasonable for poly interconnects: low performance asynchronous set
algorithm creates only two ordering&s( Gy, &, Gs, Gs, G, &, G1) andresetconnections, highresistance feedbacks for latches, reasonably
and Gs, G7, &, &3, G5, G, &, &). local internal clocks for multiplexers, and local gate shorts between



50f 6

neighboring transistors. The extra poly resistance in the local C|OC|&/T —~ 40
[9]
coming off of the first clock inverter for a flip—flop is actually an <v37 g 35
advantage in delaying the signal while the other inverter is respondlng 32 — Actual
o 2 39 T Linear

Because the original notion that cell terminals would be placedEZ7
during the rendering process led to significant rerouting which canceled: T-Flip—pfop
the benefit of previously generated symbolic views of cells, a program-
(bipartite matching) was created to place the terminals after tranS|st08 12
placement. This has led to partitioning the channel into two or everd
three horizontal slices with one or two rows of terminals in the middle. 5 7 12 17 22 27 32 37 0 5 10 15 20 25 30 35 40
Fundamentally, the routing required violates the basic notion of
YACR's two layers on a uniform grid. However, effort is continuing
relative to extending and controlling YACR, e.g., track assignment and
the layer assignment algorithms.

Otherrouters, e.g., Mentor Graphics’ maze router based Microroute, Fig. 9 Execution Time vs Complexity
are also being investigated. Our initial Microroute results for complex

The algorithms described in this paper implement the category of
cellsare lessthan satisfactory for creating the symbollcwewsmcetheéeneral class of CMOS circuitdo not assume any particular logic
appears to be little “strategic planning”; however, the maze routet y P 9

results which are design rule correct may fit in fine for the renderlnihytl)ilriﬂﬁ determine the correct layout stylel d-1-1/2 for each
problem, given the specific design rules.

Execution Time (s
=
o

Number of Transistors Number of Transistors
(a) Flip—Flops and Latches (b) Other Cells

Fig. 8a shows the symbolic view for the JK flip—flop created with TABLE
YACR. The symbolic view has only one diffusion gap and contains COMPARISONOF RESULTS
five horizontal metal—1 routing tracks. Fig. 8b shows a manually edited
version with four routing tracks. Reported Algorithm Our Algorithm
VI. REsuLTs Author | cc NG | PG [RT | Q@ [[ng PG |RT ] @ |ET

These algorithms have been implemented in GENIE, whiclie_rigiop |5 1 1 2 5 2 |1 3 5 8
provides an excellent prototyping environment, but like any othe R I > > - 5 1 3 2 m
interpretive language, has large execution time. The comparisqn
between execution times for different GENIE and C programs tp/2-Fie-5 |1 |0 J0 |5 |5 flo jo |5 |5 4
implement the same task was performed with the GENIE progranjge-pg. 66 |3 0 0 4 4 o o 4 4 6
averaging a factor of 7.41e7 times slower than the C programs. Tl =-=>"15"T10 [0 |2 |- 5 1o 12 12 |-
GENIE programs are executed from within the Mentor Graphics desiga
environment. The maximum recorded time to obtain the complete[g]"Pg' s 2 2 8 N 4 ! 8
solutions for the cells described in the previous algorithms whil@[9-Pg.96 |3 0 0 5 5 o |o 5 5 3
running Led on a Sun Sparcstation 2 was 20 seconds. For a rifigirg. 126 |2 1 1 3 2 o 1o 5 5 7
oscillator circuit consisting of 51 two—input NAND gates (204
transistors), where each NAND gate is enabled with a common sign
the algorithm takes 17 minutes to find the solution. This circuif [9-Pg-151 |3 o J0 }9 |9 212 |5 |7 |t
implementation style was chosen so that the worst case branch-ar ¢b}-Pg. 152 |3 2 2 5 7 2 |2 5 7 9
bound results can be measured. For the same ring—oscillator where '[@f Po 127 |3 5 5 3 3 I > > >
thefirst gate is enabled and the remaining gates have both the inputs fied

together, the algorithm produces the complete solution in 9.4 minutes® S R R e B | R RO R

[(]jl] 5 3 3 5 8 2 2 5 7 9

P]—Pg. 151 |3 0 0 6 6 o Jo 2 2 4

The results produced by the new algorithms have been comparg
with the results from the existing algorithms described earlier. TABLE | [13-Fig- 7.7 | 8 1 s |¢ o fo 1z 12 |4
shows the comparison of the solutions obtained from our algorithm angds;-rig. 8.5 | s 3 3 10 [13 [[3 |3 5 8 12
the algorithms in the literature. The algorithms are divided in th

following classes, which represent the type of circuits the algorith " ° il s ° ! °
expect as input. NA S . | e A
1. Single Series—Parallel CMOS with dual pull-up and pull-down | NA 8 - - - |- 1 ]2 6 7 4

circuits and equal number of transistors in both the circuits. NA s - - - 1~ T 1 12 1 1|5
2. Single Series—Parallel CMOS with dual pull-up and pull-down — - — T — = —5

circuits with transistor folding.

3. Multiple Series—Parallel CMOS with dual pull-up and pull-down
circuits and equal number of transistors in both the circuits.

4. Multiple Series—Parallel CMOS with dual pull-up and pull-down
circuits with transistor folding.

5. Multiple CMOS with dual or non—dual (pass—gate) pull-up an

The table shows the author of the previous algorithm and the
classification of the algorithm CC (1-8 above). The number of
diffusion gaps (NG, PG) and the number of routing tracks (RT) are used
d @as the basis of comparison. The quality factor Q, is the sum of the
pull—down circuits with transistor folding. routing tracks and the diffusion gaps. The execution time (ET) for our

6. Multiple CMOS with non—planar pull-up and pull—down circuits algorithm to obtain the solution is also provided in the table.

without transistor folding. On an average, about 40% of the total time to execute the three
7. Non Series—Parallel CMOS. portions of the synthesis process has been spent on the graph build and
8. General Class of CMOS Circuits. circuit partitioning portion. Fig. 9—(a) shows the relationship between
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the average execution time in seconds to obtain the layout versus therhaps 5 tracks. Consequently, plans are in place to incorporate an

number of transistors for the latches and the flip—flops in the ITD/MSUmproved weighting scheme based on the following:

standard cell library. Fig. 9—(b) shows the same for the remaining cells Reduce solution space consistent with minimum cell width by de-

in the library, including the full-adder, clock generation cell and other termining minimum possible number of diffusion gaps and by

series—parallel and non—series—parallel circuits. maximizing power supply sharing between neighboring groups,
Although a worst case analysis of the algorithms under all of the i.e., strategically place the groups which contribute gaps.

worst case conditions leads to a worst case timing vs complexity &. Consider intragroup interconnections with aweight based on frac-

O(T7) where T is the transistor count, it has not been observed. For thetional distances across the group width to support sharing of tracks.

T—flip—flop with a reset function in the ITD/MSU cell library some of 3. Consider the impact of poly routing under the power buses and

the groups do not have an xfer vertex, and the pull-up and the metal 1routing overthe diffusions relative to the wiring cross—sec-

pull-down circuits do not have common gate signals; but the next tion in the channel with due consideration for performance.

vertex pair can be merged. This means that a new seed vertex pair will Consider terminal placement and associated interconnections.

not have to be found for every transistor pair. The execution time These considerations lead in the case of the JK flip—flop to the group

observed from Fig. 9—(a) is therefore worse for this cell than for anglacement: (G7,G5,G4,G3,G0,G2,G1,G6).

other cell. In practice the execution time is roughly linear with

. For general usability, the programs will also have to be re—coded
complexity.

from GENIE to a portable and more powerful language, €'g.,T®e
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P—diffusion transistor placement algorithm lends itself very well to parallel
HEHH execution if the cell consists of multiple groups. The solution for each
:I:I:i group can then be found separately. The branch—and-bound algorithm
S used for the group placement algorithm also lends itself very well to a
parallel program. The different seeds selected in the algorithm can be
used to grow the solutions on separate computers to obtain the complete
solutions to the group placement problem. Our long—term goal is to
no nl N—diffusion utilize parallel programming to obtain the layout for complete row(s) of
cells and to extend our 1-1falgorithm to a 2d algorithm.
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