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Abstract

This paper presents the design of a layout processing system that performs circuit and symbolic
extraction from hierarchical designs containing arbitrarily shaped layout. The system is flexible
enough to deal with various technologies, MOS or bipolar, by providing extraction rules in the form
of technology files. In this paper, new efficient algorithms for trapezoidal decomposition of polygon
and symbolic path extraction using trapezoidal template are proposed for symbolic extraction.
Circuit and symbolic extractor is developed as an integrated design environment of SOLID system.
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/* input layer description */

INPUT layer-name layer-number [layer-type]

R=valuel C=valus2

/* design rule description */

WIDTH layer min_value
SPACE layer min_value[ N]
MARGIN layerl layer2 min_valuc
CO-MAGIN layerl layer2 min_value

SEPARATE layerl layer2 min_value
ENCLOSURElayerl layer2 [ min_value]
INTERSECT layerl layer2 min_value

/* extraction rule description */

AND in-layer] in-layer2 out-layer
OR in-layerl in-layer2 out-layer
MINUS in-layerl in-layer2 out-layer
XOR in-layerl in-layer2 out-layer
SIZE  in-layer [out-layer] BY value

ATTACH text-layer TO layer
CONNECT layerl TO layer2 [BY contact-layer]
DEVICE model-name type device-layer term-layerl

term-laver2 [term-layer3 -]

ag 2.
Fig. 2.
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Decomposed - Polygon_into_Trapezoid (polygon)

POLYGON

¢

*polygon;

L = make_yx_linked_list_of vertices (polygon) ;/L:vertex.
list */
while (vertex_list Lt =NULL)!
Lowest_Y—the set of lowest vertices;
P,.=the leftmost vertex in Lowest_Y;
P,r=the next leftmost vertex in Lowest_Y;
P, —the previous vertex of Py; /*P,—>vertex=P,~
>vertex—1*/
Pui=the lower-left vertex in vertex_list L, satisfying
as follows;
Y>> Yy, and min (X, Xa) <=Xu<=Xir;
Pur=the lower-right vertex in vertex_list L, satisfying
as follows;
Yur> Yo, and X< = Xyr < =max (Xir, Xur) 3
EP!)‘
Pore or m=the previous vertex of Pu;
/*Ppreio,iuy*>vertex:Pu,f>vertex~-1'/
il (Y=

Remove Py, from vertex list L;

if (Py is a point on edge

= YDreiofiul)

}
elsel

Add new_vertex to edge E, at the intersecting point

by the line Y=Y

Insert new_vertex into vertex list L;

Pni=new_vertex;
|
if (Pyr is a point on edge Ei){

Prext_or ur=the next vertex of Pyrj

/*Prext_or_ur— >vertex=Py,— >vertex+1*/

if (Yur:ZYnextiuj\H_)

Remove Py, from vertex_list L;
}
elsel

Add new_vertex to edge E;r at the intersecting point

by the line Y="Yr;

Insert new_vertex into vertex_list L;

Pur
|
Remove the vertices (Py,, Pyp) ;

/*using Py, Pir,

=new_vertex;

Qutput one trapezoid; Pu, and P*/

a8 7. o7yl el i ehaels
Fig. 7. Trapezoidal decomposition algorithm.
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Find- Symbolic. Path {trapezoids, cnt_dev)
TRAPEZOID *trapzoids; /*linked-list of decomposed
trapezoids
from lower-left to upper-right*/
CNT_DEV *cnt_dev; /*linked-list of contacts and devices
inside the polygon®/

width=minimum wire width of layer;
extension.width=minimum wire width of contact+
2 *minimum extension distance from
contact;
for {each trapezoid) }
Determine a template;
Generate a symbolic path along center line using the
template and evaluate the width;
for (each active_point between X, and X,;) |
Extend the symbolic path from active_point to center
line;
if (no trapezoid above current active_point)
Remove active_point;
else
Move active_point to center line;
t
for (each trapezoid T above current trapezoid
between Xu, and Xur)
if (active_point exists below T} f{
y2=lower Y of T;
Add new symbolic path from active._point to y2;
Move active_point to y2Z;
}
else !
x1=max (lower-left X of upper trapezoid,
jower-left X of current trapezoid);
x2=min (lower-right X of upper trapezoid,
Jower-right X of currnet trapezoid) ;
yl=Y of center line;
y2=upper Y of current trapezoid;
if ({(x2—x1) > = extension_width) }
x1= {x1+x2)/2;
Add new symbolic path from (x1,y1) to(xl,y2);
Make new active_point at (x1, y2);
t
elsel
x1+ =width/2; x2— = width/2;
Add new symbolic path from(xl, y1) to (x1,y2)
and from (x2,y1) to (x2,y2);
Make new active_point at (x1,y2) and (x2,y2);

}

/*After the symbolic path extraction, a Directed_Graph
is estaished, */

Optimize_Symbolic_Path (Directed_Graph, cnt_dev) ;

o813, AEE A2 2% daE

Fig. 13. Algorithm of symbolxc path extraction,
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Fig.14. An example of symbolic path extraction,
(a) after processing 1st and 2nd trapezoids,
(b) after processing 3rd and 4th trapezoids,
(c) completed symbolic path,
(d) symbolic path extraction with contact.
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Symbolic. Extraction ()

t
Node = Circuit_Extraction () ;
for (each node n in Node) {

for (each ‘conduct_layer’ }{

I.=Merge_Polygons (); /*L:set of marged polygons*/
for (each merged polygon P in L} !
C=Find contacts and devices on the polygon P;

T=Decompose Polygon_into_Trapezoid (P) ;
(a) (b) /*T:linked-list of decomposed trapezoids®/
Find Symbolic_Path{T, C);

|
D Calculate RC(G) ;/*G:Dircted_Graph for generated

. ,_————-;J——— symbolic path */

a6 AEY F5F dads
Fig. 16. Symbolic extraction algorithm.
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Fig.15. Examples of optimization for symbolic
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Hierarchical_Extraction {(cell, transported_polygons, mat ched_
nodes}
CELL
POLYGON
matched. nodes[ ] ;

*cell;
*transpoted.polygons;
int
1
CELL  *subell, *tmp_cell;
POLYGON

*transporting polygons;

if (cell is not yet extracted)

Circuit_and_Symbolic_Extraction (cell) ;

if (flag= Check if new device is generated by transported_

polygons () )
Make new cell and add the new cell to cell list() ;
for (subcell=each instantiated cell) |
for (each overlapped area among instantiated cells) |
tmp.cell=Make a temporary cell by flattening all
polygons inside the overlapped area();
Circuit_and_Symbolic . Extraction (tmp_cell) ;
if (new device is generated)
Add tmp_cell to cell list(});
}
transporting_polygons= Find polygons abutted or
overlapped with bounding box of
subcell () ;
Transform coordinate of transporting.polygons into
subcell’ s coordinate () ;
Hierarchical Fxtraction{subcell, transporting.polygons,
matched_nodes) ;
Build connectivity of hierarchical netlist matched. nodes ()

i

Find matched_nodes for each transported_polygons();

oz A 2% daEs
Fig.17. Hierarchical extraction algorithm.
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= e Ag nj, F 1ol SUN4/40 Abell A
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¢l n805_datadec,
n805.sysgen, timer % 45° sHEl-S Eglsh=  dfold)
mux4?] #lolobol i B FF ol AEH FF

7= VLSI o] o}5-oil 4] 2]

(57)

né
”i

q 3 57
INPUT pwell 1 W
INPUT diff 2
INPUT poly 3
INPUT cent 4 C
INPUT metal 5
INPUT text 6 T
WIDTH diff 2.0
WIDTH poly 2.0
WIDTH metal 3.0
WIDTH ent 2.0
MARGIN cnt diff 1.5
MARGIN cnt poly 1.0
MARGIN ent metal 1.0
/*Other design rules are omitted, */
MIUNS boundary pwell bulk
AND  diff poly  gate
MINUS diff poly  sdpn
AND gate pwell ngate
MINUS gate pwell pgate
AND cnt poly  cmpoly
MINUS ent compoly emdiff
ATTACH text TO metal
CONNECT metal TO poly BY compoly
CONNECT metal TO sdpn BY cmdiff
DEVICE p PMOS pgate poly sdpn bulk
DEVICE n NMOS ngate poly sdpn pwell
818, slZEelA s e
Fig.18. An example technology file
1.3z g AR 239 53 A7
Table 1. Elapsed time for circuit and symbolic
extraction,
cell #tr | #node | #inst shape elapsed time
n805_datadec | 121 68 0 rectilinear 3.2 sec
n805._sysgen | 124 103 4 rectilinear 4.8 sec
timer 253 | 244 11 rectilinear 9.8 sec
dfol 22 13 0 arbitrary 1.0 sec
mux4 24 23 ] arbitrary 0.8 sec
& Aol #deke 228 A24E dehiglel #
tr& Ealx| e e A4 % "]’ el =], #inst¥ instan-
tiation® ¢ A4S vfepd vl Flol ekt A

s} zre] s|Eel 4 FE7I%0) Aejaha Febd
150" o el As g Aelsta, w2z
*% e AgFdezd BE HaEYAY Heol
obgo He 3z 1l AEY FEE FAUME
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