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Abstract N ﬁﬁiﬁiﬁi.l.: STT={IR]= I Treg -
We present a novel technique CLIP for optimizing both the row 2{ b rﬁllhlt ST }- Cy-region
height and width of CMOS cell layouts in the two-dimensional (2- PWR -.-.-.-I.-.l. 1 _
D) style. CLIP is based on integer-linear programming (ILP) and P | R12-region
proceeds in two stages: First, an ILP model is used to determine a P/Nl{ ] } Cy-region
2-D layout of minimum width M. Then, another model gener- o EIn )
ates a 2-D layout that has widthod)f and requires a minimum GND J- Bregion
number of routing tracks. Run times are in seconds for circuits Fig. 1 : The 2-D cell layout style with routing regions

W.ith up t_O 16 transistors. For larger circuits,_ we extend CLIP to .a 1. Only dual CMOS circuiits of fixed structure are considered.
hlerarchlg:al method HCUP that placgs series-connected transis- 2. Alternate rows are flipped to allow power rails to be shared among adjacent rows.
tors contiguously. This reduces run times by up to three orders 0f3 p and N transistors belonging to a pair are vertically aligned so that their terminals that
magnitude, and still yields optimal results in over 80% of cases. are on common nets can be connected using vertical wires.
. 4. Intra-cell routing is restricted to polysilicon and metall.

1 Introduction 5. Terminals on adjacent diffusion rows are routed in the channel between the rows.
The objective of cell layout synthesis is to minimize the cell area 6. Diffusion gaps do not permit a wire to be routed through them. Also, no wires are
subject (o constraints. For one-dimensional (1-D) layouts, which Foies that Span acrose Tows il b routed 400G 16 Seles o e b+
use a single pair of parallel P an iffusion rows, minimizin . " :
both cell width and height can yield up to 80% savings in arga Table 1: Assumptions underlying the 2-D cell layout problem
over width minimization alone [9]. Moreover, height reduction wheret;, ¢,, andyv, are the numbers of pairs, chains, and inter-row
can reduce wire lengths and improve cell performance. In two-wires, respectively, in row The technique of [5] implicitly models
dimensional (2-D) layouts, which allow multiple P/N rows, height diffusion sharing—it generates an exhaustive set of transistor chains
minimization can have a larger impact on area and performance. and then determines the smallest subset of chains that covers each

Even in the constrained 1-D style, most techniques that addrespair. However, since the position and orientation of each pair is
both width and height minimization are heuristic [1, 4, 8, 11, 12]. unknown, the routing and, in turn, the height cannot be determined.
Only a few methods [9] are exact in that they explore the entire CLIP-W. We now describe an ILP-based width minimization
range of possible layouts. The 2-D style has been relatively litlemethod calledCLIP-W which explicitly models transistor-pair
studied and the few techniques proposed are also ad hoc [12, 14pcations, orientations, and diffusion sharing. The following
16]. Tools such a¥irtuoso[3] support 2-D layout; they use  parameters must be determined to specify a 2-D layout: the row,
heuristics that can handle large cells but yield sub-optimal layoutslocation, and orientation of each pair, the diffusion sharing among

In [5, 6], the authors proposed an optimal technique based oradjacent pairs, and the vertical nets that connect transistor terminals
integer-linear programming (ILP) to generate minimum-width 2- across different P/N rows.
D layouts. While the technique is viable for practical-sized Table 2 lists the input and derived circuit parameter€fdP-W.
circuits, it does not consider cell height. In this paper, we present &o represent the position of each pair in the 2-D plane, we introduce
new ILP-based technique call&@LIP (Cell Layout via Integer place-holders, calleslots in each row. For a circuit withumPairs
Programming that generates 2-D layouts of minimum height pairs, a 2-D placement imumRowsgows requires at leagtaxSlots
from among all layouts of minimum width. We then ext&@idP = [humPairs/ numRowaEIslots in each row. Slots are numbered in
to a hierarchical methoHCLIP that clusters series-connected increasing order from the left. We also define sets of intesyes=
transistors, which are placed contiguously in the layid@iIP {1, 2,..maxSloty rows= {1, 2, ...,numRow} andorients= {1, 2,
reduces run times by up to three orders of magnitude and stili3, 4}, the four possible orientations for each pair. The 0-1 array
yields optimal results in over 80% of the circuits tested. shareis such thashardp;, o;, p;, o] = 1 if pairsp; andp; can share
2 Width Minimization ;jr:fefur?lons |n.or|entat|onei ando;, respectively, whep is placed to

. o . . ght ofp;.

The 2-D cell layout style is illustrated in Fig. 1; its assumptions  The pasic variables for each pair are represented by 0-1 arrays
are listed in Table 1. NV, is the width of the-th row, therthe 2- X[pairs, slots rows and Xor[pairs, orient. While X[p, s,r] = 1
D cell-width minimization problem is stated as follows: Place implies that paip is placed in thes slot of rowr, Xor[p, o] = 1

the pairs in a given number of rows such that the maximum widthstates thap is placed in orientation. To model diffusion sharing,

among all rows is minimized, i.e., minimize widtfe), where we definenogagislots rows wherenogags, i] = 1 if adjacent slots
Weey = max {W,: foreach PINrow =1, 2, ..} sands + 1 do not have a gap between them.
As discussed in [5], the widiV, of rowr is given by: The goal (cost function) dELIP-Wis to minimizeWcg, where
W, =t, +¢, — 1 +v, Ween 2 W, for each row. Now, W, can be derived as follows:
UThis research was supported by a grant from Intel Corporation Wr N #pajrs In row -+ #gaps in row +#ivertical wires
) =Z Xrowp, r]+ (X Xrow{p, r]— 1 —-Z nogags, r]) + v,
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use is ?ranted without foe provided fat copies Bre ot made or distﬁbuted for profitor com-  The constraints dELIP-W are described below.
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Parameters Interpretation o No. of [No. of Cell width CPU time (secs) ¢
1. numPairs, numRows, maxSlots The number of pairs, rows, and slots # Cl_rcun trans. | rows |cLip-WAVirtuoso [CLIP-W_|HCLIP
. ) Non-series-parallel 1 6 6 0.03 0.03
2. pairs, rows, slots, nets The set of pairs, rows, slots, and nets 1.| bridge circuit [16] 10 2 5 5 0.09 0.09
3. PpairNets, NpairNets PpairNets|p] = {gate, source, drain nets of P trans. of 3 4 5 0.07 0.07
pair p} (NpairNets is similarly defined for N trans.) 4 4 5 0.19 0.19
4. Psrdpairs, nets), Psrdip, i) = 1 if pair p has net non the source i 1 8 8 0.06 0.04
Pgatelpairs, nets], diffusion of its P transistor (Pgate{p, i and Pdrn{p, ri] 2.| 2-to-1 multiplexer | 14 2 4 5 0.25 0.06
Pdrnipairs, nets| are similarly defined for gate/drain terminals) i g g 882 883
5. Nsrdpairs, nets], Nsrdp, n] = 1 if pair p has net non the source 1 10 10 0 > 0'05
Ngate{pairs, nets|, diffusion of its N transistor (Ngatelp, ] and Ndrr{p, ] 3.| Majority function 18 > 5 6 0.2 0.02
Ndm[palrls, net‘s] ' are similarly defined fgr galite /'dralh terminals) 2l e A 3 2 5 12 0.07
6.share|pairs, orients, pairs, share|p; 0, p; o] = 1 f pair p;in orient o;can share 4 4 5) 8 1
orients) diffusion with’par p;in orient o; ~ Series-parallel 1 13 14 03 01
Table 2: Input (1-3) and derived (4—6) parameters for CLIP-W 4 ‘irgf‘f_'g‘,’{f (_,J(,aj)b(,ff 24 % 2 160 ié 8:1
) [9] 4 | 5¢(6) 6 390 0.1
> Xdp,q =1 for allp O pairs ] - 1 14 15 19 1
o[ orients 5.[8-input NAND circuit| 24 2 7 8 9 5
) ] ] 3 5 6 43 0.1
2. Slot occupancyWe force the first slot in each row to be filled 4 4 4 58 0.7
i i i i _iustifi Series-parallel 1 18 19 79 4
ywth exactly one pair, and.slots to bg fllleq ina Igft justified order, 6. kircuit for 2 = (abcd +| 32 2 |oao) | 10 5 1
i.e., slots should be occupied before its neighboring stetl. efgh+ (i + )(k+ (m 3 8 10 2446 1
S Xp,Lr] =1 for allr Orows + n)(o+ p)) [9] 4 6 9 | 5216 1
p O pairs a. Run times are with OPBDP using its -h103 variable selection heuristic.
b. Numbers in brackets refer to the cell width with HCLIP, when different from the
> Xp,s=1r] =23 Xp,sr] forallr Orows, optimum value for the original circuit.

p O pairs pO pairs s slots

3. Diffusion sharing Nogags, r] can be defined by the following
logic equation, for everg;, p; U pairs ando;, o; U orients

Table 3: Minimum width 2-D placements with run times

row), and T (cell top). We assume that all nets in the P and N
diffusions of the same P/N row are routed in its P/N channel. Thus,

nogags, r] o @ a net that appears on both sides of an inter-row channel is routed to
= or (j isin slotsof rowr andp; is in slots + 1 of rowr connect just one of its terminals on each side.
andp; in oriento; and p; in oriento; andshardp;, 0;, p;, 0] =1) In order to determine the track density in each region, the cell
=or {X[p;,s,r] and or {X[p;, s+1,r] and mergedp;, p]: layout is considered to be made of vertical columns, where each
for allp, [ pairs}: for all p, U pairsy column represents a transistor terminal. Then, the number of tracks
Heremergedip;, pj] = 1 if p; can share diffusion with;, that is, Tr required in a routing regioR can be expressed as follows:
mergedp;, p] = or {Xor[p, o] and Xofp, gJ: @) Tr=max {number of nets that span columrc=1,2,3,..}  (5)
for all 0, g U orientssuch thasharép;, o, B, o]=1} Assuming equal transistor sizes, we define the total heigltof
To prevent cyclic conditions in diffusion sharing, we ensure that the cell as follows:
a pair can share diffusion with at most one pair on either side: Heen = 2 No. of tracks in routing regidR=_ = Tg
T mergedp;, pyl<1 for allp; O pairs (3) RU regions Rt regions
p O pairs Tr depends on the nets that occur in each vertical column which,
% mergedp;, pl<1 for allp, O pairs (4) in turn, depends on the position and orientation of each transistor.
p, O pairs Thus, to computdg, we must determine the nets that must be
The logical constraints (1, 2) are linearized in the final ILP model. routed horizontally in each column. This has traditionally been
4. Inter-row connectivity This is modeled as described in [5]. called thechannel routingoroblem [13]. While channel routing
Experimental results. Table 3 presents results of solvigyIP- considers both horizontal and vertical constraints, cell synthesis
W for optimum-width 2-D layouts with the 0-1 soN@PBDP[2]. methods have generally ignored vertical constraints [11, 9].
The optimal cell widths obtained KLIP-W are about 15% The fundamental problem is to determine whether annet
smaller than those produced by the commercial Yoalosg requires a track in a column We define 0-1 variableset such

Virtuosds run times are in seconds in all cases. For circuits with as thatne{n, ¢, r] = 1 if netn exists on a terminal in colunmof row
many as 24 transistor§LIP-W has run times that are in seconds - e define 0-1 variablespansuch thasparin, c, r] = 1 if netn
for minimum-width 2-D layouts. Run times can be reduced—by equires a track in columnof rowr. Then, the total number of
up to three orders of magnitude—by using hierarchical methods Nets that span columof rowr =2 sparin, ¢, r], n [ nets We use

such as the circuit clustering approach proposed in Section 6. @ dynamic programming approach to define the following two
In subsequent sections, we propose a model that ex@iriBs conditions under whichkparin, ¢, r] = 1:
W to minimize the 2-D cell height in addition to the width. * If nefn,c,r] =0, then ¢parin, c— 1,r] = 1and ne{n, ¢, 1] = 1
) L for somec, > c)
3 Height Minimization « If nefn, ¢, r] = 1, then ¢parin, c — 1,r] = 1 or ne{n, ¢y, r] = 1
The height of a cell is determined by litsrizontal routing(track) for somec, > c)

density[9], that is, the number of tracks needed to complete the If x =ne{n, ¢, r], y = sparin, c — 1,r], andz =or {ne{n, c,, r]: ¢,
cell's routing. This, in turn, depends on factors such as the layout> c}, sparin, c, r] can be defined by the logic equation below:
style, the usage of metal, polysilicon, and diffusion layers, and the sparin, ¢, r]=X. .2 +x. (y+2 =majority (x, y,2) (6)
us_e_of_]og_s and vias. The layout assumptions underlying the helghtLI'he majority-function constraint is equivalent to the following pair
minimization problem are summarized in Table 1. of linear inequalities:

Track density can be determined from the horizontal span of )
each net. A 2-D cell is composed of several routing regions as sparin.c,r]2(x +y+z-1)/2
illustrated by the two-row layout in Fig. 1 which has five regions: sparin,c r] < (x+y+2/2
B (cell bottom), G (P/N channel of the first row),F (inter-row Based on the above algorithm, we now present an ILP model
channelbetween the P/N rows),,GP/N channel of the second CLIP-WHthat minimizes both the cell width and height.
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Fig. 2 : Routing track requirements with and without diffusion gaps

4 Width and Height Minimization

The 2-D cell width and height minimization problemis defined

as follows: Place the transistors in a given humber of rows such

that the layout has a minimum height among all layouts with

minimum width. TheCLIP method proceeds in two stages:

1. UseCLIP-Wto find Wg, the minimum 2-D cell width.

2. UseCLIP-WH to find a 2-D layout of minimum heighd g

from among all layouts of minimum widtlgj.
CLIP-WH. We define one column for each of the three

)
1)

terminals—source, gate, and drain—of the transistors placed in a

row. Figure 2 shows how the columns are numbered in a given row.
In addition to the parameters 6LIP-W andW_,;, we have
maxColsthe total number of columns in each row. Let thecekt
={1, ..., maxCol$. We define arraysiefnets cols, rows and
sparjnets cols rows] of 0-1 variables as described in Section 3.
The variablesheigh{rows] andinterRowrows] are used to
represent the height of the P/N and inter-row channels,

respectively; since they are integers, they are represented using

arrays of boolean variables.

The goal ofCLIP-WHis to minimize the cell heighi gy, i.€.,

minimizeH g = Z  heighfr] + Z  interRowr]
r O P/N channels flinter-row channels

We now describe the constraints@iIP-WH, these are in
addition to the constraints GLIP-W
1. The constraint on the heidgheigh{r] of the P/N channel in row
r, defined by equation (5), is linearized as follows:

heighfr] = X sparin,c,r] for allc O cols
n O nets

2. Cell width For each row, we ensure that its width $Wg.
Weep 2 2% 2 Xrowp,r] — X nogags,r] +v,— 1
p O pairs sO slots
3. Net presencdf c represents a diffusion terminal£ 1, 3, 4, 6,
...), hefn, c, r] depends on the pair placed in the corresponding
slot, and its orientation. For example, for 4,nefn, 4,r] = 1 if
there is a pair placed in slet= 2, and its orientation causes its
diffusion terminal on nem to appear on its left. Thus,dfis a left
diffusion column ¢ =1, 4, 7, ...)ne{n, ¢, r] is given by:
nefn,c,r]=X[p, € +2)/3r] and for allp O pairs
(Nsrdp, n] and (Xor[p, 1] or Xor|p, 3])
or Ndrrp, n] and (Xor{p, 2] or Xor{p, 4])
or Psrdp, n] and (Xor[p, 1]or Xorp, 2])
or Pdrn[p, n] and (Xor[p, 3] or Xor[p, 4]))
Nefn, c, r] is similarly defined for right diffusion columns € 3,
6, ...). Ifcis a gate columrc(= 2, 5, ...)ne{n, c, r] is independent
of the orientation of the pair placed in that slot, and is given by:
ne{n, ¢, r]=Zif (Ngatdp, n] or Pgatdp, n]) then X[p, (c +1) /3]
p O pairs
Since the above constraint is an equation, it can be directly
incorporated into the definitions faparn, c, r], thereby
eliminating the variablese{n, c, r] forc =2, 5, 8, etc.
4. Net span The constraint fosparin, c, r] is given by equation
(6). However, a few special cases, illustrated in Fig. 2, must be
considered to accommodate the presence of diffusion gaps.
* Netarequires a track in columns 1, 2, and 3; hespayia, 1,
r] = spana, 2, r] =spara, 3,r] = 1. Also, since columns 3 and
4 are connected by diffusion sharing, wesgetria, 4,r] = 1.

(b)
Fig. 3: (a) 2-to-1 multiplexer and its layouts in (b) one and (c) two rows
However, netb appears only in columns 9 and 10 that share
diffusion. Hencesparib, 9, r] =sparb, 10,r] = 0.

For netc that appears in columns 6 and 7 separated by a
diffusion gapsparic, 6,r] = sparic, 7,r] = 1.

For nets such adthat appear on the same (P or N) diffusion of
two pairs separated by a gapard, 12,r] = spard, 13,r] = 1.
Thus, the constraint f@parin, c, r] for c = 3, 6, 9, etc. is split into
two: while (7) considers all columres = ¢ + 2, (8) considers
columnc + 1 on its right and takes into account the absence of a
gap, represented Impgagc/3, r], between columns andc + 1.

sparin, c,r] =majority (sparin,c—1,], nefn,c,r], (7
or {nefn,c,,rl: c,2c+2})
sparin, ¢, r]= majority (sparin,c —1,r], nefn, ¢, r], ®)

(nefn, ¢+ 1,r1—nogagc/3, 1))
In a dual CMOS circuit, since each pair has a common gate net,
the track density of a gate colunenis no greater than the
maximum of the track densities of its adjoining diffusion columns
c—1and + 1. Hence, the variableparin, c, r] are eliminated for
gate columns, and constraints (7, 8) are suitably modified to
considerspann, c— 2,r] instead ofsparjn, c— 1,r].
5. Inter-row channel routing As discussed earlier, the routing
problem in an inter-row channelis defined as follows: For each
net that appears on both sidesrpfselect one terminal to be
connected from each side such that the overall track densitg in
minimized. CLIP-WH assumes that each net that appears on both
sides of an inter-row channel requires a separate routing track.
Hence, the density of an inter-row channé$ equal to the total
number of nets on both sidesrofor example, the two-row layout
in Fig. 3 requires two nets to be routed in its inter-row channel.
Although both nets can be routed in one tr&k|P-WH assigns
two tracks, one for each net. Thus, we have
interRowWr] = X (non top diffusiorand n on bottom diffusion)
n O nets
Both the terms in the above equation are available as variables that
model inter-row connectivity, and can be used directly.

5 Experimental Results

We have applie€LIP-WHto the circuits of Table 3. The cell
heightH.¢ obtained and the run times©LIP-WHusingOPBDP

are given in Table 4. In most cases, the increast.djiis much

less than the decreaseéfifyo; when the layout changes from one to
two rows. This can translate into significant area savings. These
savings are less pronounced for three and four-row layouts since
both W, and the number of tracks are seen to change very little
while the number of transistor rows increases. As an example, Fig.
3a shows a 2-to-1 multiplexer with its seven P/N pairs highlighted.
Its optimal CLIP-WH layouts in one and two rows are shown in
Figs. 3 andb, respectively.

CLIP-WHs overall run times for optimum layouts are in
seconds for medium-sized circuits with up to 16 transistors.
Moreover, an optimal solution is found in a relatively short time;
the remaining time is utilized in verifying optimality. Hence, the
ILP solver may be prematurely terminated to yield near-optimal, or



possibly even optimal, solutions in practical time. For larger
circuits, we propose a practical hierarchical metH@LIP in the
next section that extends our technique to circuits with over 30
transistors while yielding layouts that are at or near the optimum.

6 Circuit Clustering

An and-staci5] of sizen is a group oh = 2 transistors connected
in series. The circuit in Figahas three pairs with and-stacks;,
p7). (P3. P4), and fs, pg). Since the nets that connect two series-
connected transistorifernal net3 do not connect to any other

terminal, they do not require straps when these transistors arg

placed using diffusion abutment. This allows the transistors to be

placed closer, which reduces area and enhances performance
Hence, most designs lay out and-stacks as single contiguous units|

HCLIP. We now outlineHCLIP (Hierarchical CLIP), an
extension ofCLIP that efficiently implements and-stacks of
arbitrary size. For each sta&with pairsp—pj,1—...j, it
introduces constraints on the relative placement and diffusion
sharing of its constituent pairs.

Let stacksbe the set of and-stacks. Le&siz¢S] specify the
number of pairs in stacRwith SpairgS, Ssizg]] containing its
list of pairs, ordered by their connectivity 81 We define 0-1
variablesSrow[stacks rows] whereSrowS, r] = 1 if stackSis
placed in row. Further, we define variablé&difstack$ where
Sdifg] = 0 if stackSis placed unflippedpg—pj+1—...43), and 1 if
flipped (pj—pj_1—..;). The constraints described next are in
addition to those i€LIP-WH
1. Stack placemenEach stack must be placed in exactly one row.

> SrowSr]=1 for allSO stacks

r O rows
Also, all pairs of a stacE must be placed in the same ronw&as
Ssiz€g x SrowSr]= X Xrow[SpairgS;il, r]
i 01.SsizgS
2. Stack pair placemenAdjacent pairs of a stackmust be placed
in contiguous slots. IBdifg = 0, then the slot values of paps,
andp; must differ by 1; ifSdifg = 1, then this difference is —1.
b2 > sx X[SpairgS, i#1],r] foralli O Ssiz¢]
sO slots rO rows
-z 2 sx X[Spair$S, |, r] =1-2xSdilg
sO slots rO0 rows
3. Stack diffusion sharingAdjacent pairs ofS must share their
diffusions. While mergedp;, pj+1] = mergedpi+1, Pi+2l = ...
mergedip,_, p] = 1 in the unflipped orientation, the flipped
orientation must havmergedp;, p_1] = mergedp;_y, P2l = ... =
mergedip;. 1, p] = 1.
> mergedSpairgS, i, SpairgS, i+1]] = (Ssizéq — 1) x (1 -SdifS)
i01.Ssiz¢g -1
> mergedSpairgS, i, SpairgS, 1]] = (Ssiz€q — 1)x Sdifg
i O Ssiz¢g)..2
Constraints (3, 4) fomergedp;, pj], that permit a pair to be
merged with at most one pair on its left and right sides, implicitly
ensure that all pairs of a stack are merged in the same direction.
Experimental results. Table 4 presents the values\Wfg, and
Hcepand the associated run times obtained WA@LIP. Where
possible, we have compared these values with the correspondin
optimum values for the non-hierarchical layout. For the circuits
presentedW,g with and-stacking is optimum in all but one case.
In addition, the number of trackid () required with and-stacking
is optimum in over 80% of cases. Also, cell heightsiGLIP are
25% smaller on the average than those obtained \Mgingsa
The run times oHCLIP are up to three orders of magnitude
better tharCLIP’s. Also, the first optimum solution is found in just

Cell layout CPU time (secs) @

No. | No. cLIPP Virtuoso CLIP-WH HCLIP
Cct] of | of 'Opt. T opt. First | Final | First | Final
# [trans. [rows Woey | H W...s| H..,ppt.sol.| sol. fpt. sol.| sol

1 6 4 6 4 0.1 0.5 0.1 0.5
1.1 10 2 5 3 5) & 2 2.5 2 &
3 4 3 5 4 4 5 4 5
4| 4| 3|5 ]| a4 2 2 2 2
1 8 3 8 3 0.3 1 0.05 0.2
2. ] 14 2 4 4 5 4 0.5 2 0.5 0.6
3 3 5 3 7 1 8 0.3 1
4 3 5 3 5 5 17 4 7
1 10 5 10 6 0.8 B 0.2 0.5
3. ] 18 2 5 @) 6 7 * * 0.3 1
3 4 6 5 7 237 3673 0.6 2
a|la | @] s | s * * 0.3 15
1 13 3 14 3 2 7 0.2 1.7
al2al 2|9 |G |10 7 * * 9 16
3|5 | @6 | 8 * * 1 4
4|5 @6 | 9 * * 3 55
1 14 2 15 8 340 4,698 1 9
s5l2al 2|7 |@]| 8| 6 * * 15 53
3|5 | @| 7] 6 * * 36 59
a |l a || 4|7 * * 2 31
1 18 4) 19 4 * * 200 695
6. 32| 2 |o@o) 8 | 10 | 7 * * 1 10
3 8 (8) 10 11 * * 809 930
4 e @]9 1a] * 65 | 410

a. Run times are with OPBDP using its -h3 variable selection heuristic. An asterisk
implies that OPBDP did not terminate after 5,000 seconds.

b. Numbers in brackets are the width or height obtained with HCLIR, when different
from the optimum value, if known, for the original circuit.

Table 4: Minimum width and height 2-D layouts with run times

7 Conclusions

We have presented a novel techni@léP for simultaneous height
and width minimization of 2-D cell layout. It combines diffusion
sharing, inter-row connectivity, and routing density in a common
problem space that can be efficiently searched for optimal
solutions using branch-and-bound methods such as those of ILP
solvers. When used with and-stack clustering, it generates optimal
or near-optimal layouts for practical-sized circuits in seconds.

8
(1

References

D. G. Baltus and J. Allen, “SOLO: A Generator of Efficient Layouts From

Optimized MOS Circuit SchematicsProc. 25th Design Automation

Conf, pp. 445-452, June 1988.

P. Barth/Logic Based 0-1 Constraint Programmjiduwer, Boston, 1995.

Cadence Design Systenvgtuoso Layout Synthesizéi992-94.

A. Gupta, S-C. The, and J. P. Hayes, “XPRESS: A Cell Layout Generator

with Integrated Transistor Folding?roc. European Design & Test Cqnf.

pp. 393-400, March 1996.

A. Gupta and J. P. Hayes, “Width Minimization of Two-Dimensional

CMOS Cells Using Integer Programmingfoc. Int'| Conf. on CADpp.

660-667, Nov. 1996.

A. Gupta and J. P. Hayes, “A Hierarchical Technique for Minimum-Width

Layout of Two-Dimensional CMOS CellsProc. Intl Conf. on VLSI

Design pp. 15-20, Jan. 1997.

D. V. Heinbuch,CMOS3 Cell Library Addison-Wesley, Reading, Mass.,

1988.

[8] Y-C Hsieh, C-Y Hwang, Y-L Lin, and Y-C Hsu, “LiB: A CMOS Cell

Compiler,”IEEE Trans. on CAPvol. 10, pp. 994-1005, Aug. 1991.

[9]1 R. L. Maziasz and J. P. Haydsayout Minimization of CMOS Cells
Kluwer, Boston, 1992.

[10] G. L. Nemhauser and L. A. Wolseynteger and Combinatorial

Optimization John Wiley, New York, 1988.

(2]
(3]
(4

(5]

6]

(71

@11] C.L. Ong, J.T. Li, and C.Y. Lo, “GENAC: An Automatic Cell Synthesis

Tool,” Proc. 26th Design Automation Cargp. 239-244, June 1989.

[12] C.J. Pairier, “Excellerator: Custom CMOS Leaf Cell Layout Generator,”
IEEE Trans. on CADVoL. 8, pp. 744-755, July 1989.

[13] R. L. Rivest and C. M. Fiduccia, “A ‘Greedy’ Channel Routerjc. 19th
Design Automation Confpp. 120-125, June 1991.

[14] K. Tani, et al., “Two-Dimensional Layout Synthesis for Large-Scale
CMOS Circuits,"Proc. Intl Conf. on CADpp. 490-493, Nov. 1991.

[15] T. Uehara and W.M. VanCleemput, “Optimal Layout of CMOS Functional

a few seconds. Thus, and-stacking can extend the ILP-based Arrays,"|EEE Trans. on Computereol. C-30, pp. 305-312, May 1981.

technique to larger circuits while still yielding layouts whose
widths and heights are at or near the optimum.

[16] H. Zhang and K. Asada, “An Improved Algorithm of Transistors Pairing
for Compact Layout of Non-Series-Parallel CMOS Networl&gc.

Custom Integrated Circuits Conip. 17.2.1-17.2.4, 1993.



	CD-ROM Home Page
	DAC97
	Front Matter
	Table of Contents
	Session Index
	Author Index

	Paper URL

