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Abstract

Our objective was to integrate an effective channel rout-
ing algorithm with the Chip Design Language (CDL) algo-
rithmic layout tool. CDL uses technology targetable layout
techniques, so that the output of the routing algorithm can
easily be ported to different technologies. We introduce the
technology independent features of CDL and describe how
a greedy router can be interfaced to it. Specific features of
interest include mapping from the grid based router to the
gridless CDL environment, and the automatic insertion of
CDL feed-through cells in multi-channel applications.

1 Introduction

Automating the routing of integrated circuit netlist con-
nections has been of interest for some time [6, 7, 8]. There
are channel routers based on maze routing algorithms,
some based on Left Edge Algorithms, algorithms based
on heuristics, channel routers that employ simulated an-
nealing, some based on graphs, and many others [8]. As
more metal routing layers become available, Over-The-
Cell (OTC) techniques make channel-less routing more
feasible [7]. Performance-driven algorithms are also of in-
terest for some applications [6].

Some routing algorithms do not include an interface to
a real cell library, stopping at a data structure or symbolic
layout level. This reduces dependency on technology, but
does not remove the need for a real back-end interface to a
specific cell library. Maintaining cell libraries and migrat-
ing them from one technology to another can be a time
consuming activity. Our Chip Design Language (CDL)
tool has been evolving to simplify this task. Since CDL
includes a high degree of technology targetability, we have
found that it makes a good intermediate level output nota-
tion for a router.

This paper introduces some of the technology tar-
getability features of CDL and then describes our initial
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choice of router algorithms, and how the algorithm was in-
terfaced to CDL.

2 CDL Technology Targetability

CDL has evolved over a period of 13 years from being
quite technology dependent to being almost totally tech-
nology independent [2]. The basic primitives in CDL have
their origins in the days of CIF code [3]. To side-step the
burden of constant technology upgrades, technology tar-
getable cell library and chip layout techniques have been
woven into CDL. All CDL support is based on the C pro-
gramming language and the UNIX operating system envi-
ronment.

To start with, all technology physical parameters are
given symbolic names that can be "#INCLUDE'd” intoa C
program. For example, first layer metal width and spacing
are Mwd, and Msp. Sometimes half values are also used,
e.g. Mwd2, Msp2. These are rounded up to the nearest
minimum-resolution grid value for the technology (repre-
sented by U, in CDL). Heavy use is made of C macros to
define contacts. For example, Lmp(x,y), places a M2-M1-
Poly contact at the coordinates (x,y); Mnd(x,y) places a
MI-Ndev contact.

The CDL primitives required for auto-routing standard
cells are shown as part of Table 2. All of the con-
stants and macros are brought in with the #INCLUDE
<cdLh>. Standard cells are introduced by splace, and sr-
place. splace places the named cell at the given coordi-
nates, whereas srplace does a relative placement with re-
spect to the cell number given as its first argument (de-
fault in East direction). Connection points (pins, or nodes)
within a standard cell are located by the locn primitive.
Referencing nodes and pins by name helps to limit tech-
nology dependency.

Routing with Metal2 (Lwire) and Metall (Mwire) wires
makes use of M2-M1 contacts, Lm(x,y); contact center-
center spacing, Lmcc; and occasionally wire center-center
spacing, Lcc, Mcc. For the router, horizontal routing is
done in Metall and vertical routing is done in Metal2
(this is not a CDL limitation). Horizontal wire spacing
could either be the worst case contact-contact, Lmec, or the



contact-to-wire spacing, LmMcc. This provides a chance
to optimize spacing when M2-M1 contact congestion is not
a problem.

Other CDL standard constants required are the height of
the first possible M2/M1 contact above/below a gate chan-
nel, HLmtop, HLmbot. These are used to start wiring chan-
nels.

The Heon function is used to directly connect the output
of one cell to the input of an adjacent cell. This often saves
a wiring track.

CDL’s UNIX environment contains environment vari-
ables to select cell libraries and technology files. Simple
changes to the environment followed by a recompile are
all that must be done to switch to a new technology. Each
technology has its own layout data base directories.

3 A Router with CDL Output

After examining several routing algorithms, the greedy
algorithm by Rivest and Fiduccia was chosen for initial
CDL interface experiments [5, 1] (call it the RF algorithm).
Although the RF algorithm is based on heuristics, it per-
forms well, and the possibility for local optimization based
on specialized maze routing techniques could be added
later, as in [4].

The RF algorithm scans a wiring channel from left to
right, completing the wiring at each column (of a virtual
grid) in a greedy manner, before proceeding to the next
column [5]. The wiring choices at each column are made
by evaluating a series of 6 steps which define operations
such as: connecting a gate input to a channel track (top or
bottom); adding new wiring tracks; jogging a net on one
track to another track; and merging 2 tracks. The inputs
are: (1) the list of terminals (connection points or netlist
names) at the top and bottom; (2) the left and right set —a
list of floating wires that are to be brought to the edge of
the wiring channel.

Fig. 1 shows the overall flow of information through our
router. To eventually support automated synthesis, we start
with a Verilog format input file. This file is parsed by a
Pre-router, which we will eventually modify to include au-
tomatic placement. For now the placement is done accord-
ing to the order in the Verilog file. This can be hand edited
if necessary to obtain better placements. An example of a
2-input D-flip-flop (D2FF) is shown in Table 1. The pre-
router needs to consult CDL libraries to verify port maps
and prepare sorted terminal lists for the Auto-Router. This
information is output in an Intermediate Netlist File (INF).
The Auto-Router parses the INF, calls the Greedy Router,
and outputs a CDL source file, which must be compiled
and run to generate a physical layout. Part of the D2FF
CDL code file is shown in Table 2, and a CMOS physical
layout is shown in Fig. 3.

Although the final output is technology targetable, the
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router heuristics make use of some information encoded
in CDL constants, such as Lmcc, Lmlec, and Lee. Thus
changing technology requires running the router for each
technology of interest. As mentioned above, this is a sim-
ple UNIX environment change followed by a recompile
and rerun.

One of the first problems to be encountered is that the
Auto-Router works best on a virtual grid whereas CDL cell
libraries are gridless. Fortunately, CDL library cells leave
enough room to route any input or output connection either
up or down through the cell. This meant that the connec-
tion pitch inside of a cell was at least as great at the Auto-
Router’s virtual grid pitch, so the problem was reduced to
a small misalignment between the cell coordinates and the
virtual grid. This problem was solved as follows.

Fig. 2 shows how a pair of wires have to jog to con-
nect from a cell coordinate system to the virtual grid. The
maximum amount of jog is half the grid spacing. With
manhattan wiring, a spacing violation can occur, as shown
on the left of Fig. 2. Using 45 degree joging plus a small
offset in the wire height, as shown on the right of Fig. 2,
solves this problem. There is enough room in our standard
cells to jog over a dozen wires before running out of room.
Fortunately, there is a natural grid re-alignment at regular
intervals due to the internal structure and spacing of stan-
dard cells. Thus the joging height adjustment can be reset
at regular intervals so that it is extremely unlikely that we
would ever run out of space.

The Auto-Router can handle more than 2 rows of stan-
dard cells. ROW-breaks are either implied by defaults, or
by editing the Intermediate Netlist file and placing explicit
ROW-break directives. Since feed-throughs (metal open-
ings which leave room for OTC routing) do not occur nat-
urally in our standard cells, we have added special feed-
through cells to the cell library. When the Auto-Router
realizes that a vertical connection is necessary from Rowl
to Row3, say, it first looks to see if there is a common ter-
minal in Row2. If not it inserts a feed-through cell in Row2
between 2 other standard cells. The feed-through terminal
1s labeled with the common netname so it will be routed
like a regular net. With extra layers of metal, one could
also use Metal3 to perform OTC routing.

4 Conclusion

We have shown the main technology targetable fea-
tures of a Greedy Router to CDL interface. CDL has
proven capabilities for megacell generation for such im-
portant blocks as Static Random Access Memories, First-
In-First-Out Memories, Data-Path generation, etc. Adding
standard cell routing is a good step towards a fully auto-
mated technology targetable CDL layout environment.



Table 1. D2FF example Verilog input.

module D2FF ( d0, d1, 1de0, ldel, outez,q);

input dO, di, 1de0O, ldel, outez; output g;

wire ¢q_int2,n52,n53,n54,n55,n56,
\*cell*8/U5/Z_0;

A0I22 U20 ( .at(nb2), .a2(nb3), .bi1(do0),
.b2(1de0), .outz(\*cell*8/U5/Z_0));

A0I22 U21 (.a1(\*cell*8/U5/Z_0 ),.a2(nb4),
.b1(q_int2), .b2(outez), .outz(q));

0AI22 U22 (.al{\*cell*8/U5/Z_0 ),.a2(ldel),

.b1(n55), .b2(n56), .outz( nb2));

INV U23 ( .in(q), .outz(g_int2) );

INV U24 ( .in(1ldel), .outz(nk6) );

INV U25 ( .in(1de0), .outz(n53) );

INV U26 ( .in(d1), .outz(nb5) );

INV U27 ( .in(outez), .outz(nb4) );
endmodule
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Table 2. Partial CDL code listing for D2FF.

#include <cdl.h>
main() { start_cell("D2FF"); {
int x, y, Xr, yr;
int x1, yi, x2, y2, x3, y3, y4, step;
int aoi22b_1, a0i22b_2, inv_a_3, inv_a_4;
int 0ai22b_56, inv_a_6, inv_a_7, inv_a_8;
step = 6 * U;
/* Cell row : 0O */
¥ =0, y=0; xr =0, yr = HLmbot;
a0i22b_1= splace("aoi22b", x, y); /* U20
a0122b_2=srplace(aoi22b_1,"ao0i22b"); /* U21
inv_a_3 = srplace(aoi22b_2,"inv_a"); /* U26
inv_a_ 4 = srplace(inv_a_3, "inv_a'); /* U27
Hcon(aei22b_1,"outz", aoi22b_2, "ail' MP);
/* Cell row : 1 */ xr = 0, yr = y + HLmbot;
x =0,y =-= 8% Lmcc + HLmtop - HLmbot;
0ai22b_5 = splace("o0ai22b”, x, y); /* U22

inv_a_6 = srplace(o0ai22b_5,"inv_a"); /* U23
inv_a_7 = srplace(inv_a_6, "inv_a'); /* U24
inv_a_8 = srplace(inv_a_7, "inv_a"); /* U25
/* Net : nb2 %/

locn(aoi22b_1, "al", &xi, &yi);

Lmp(x1, y1);

x2 = xr + 1 * Lmcc;

y2 = yr - 1 * Lmcc;

if (x1 == x2)

{ Lwire(x1, y1, x2, y2, END); }

else
{Lwire(x2,y2,x2,y3,x1,y3+x2-x1,x1,y1,END);}

Lm(x2, y2);

x1 = xr + 1 * Lmcc; x2 =

y1 = y2 = yr - 1 * Lmcc;

Mwire(x1-Mwd2, y1, x2, y2, END);
locn(oai22b_5, "outz", &x1, &yi);

y3 = yr+Lmcc+0*step;

Xxr + 9 * Lmcc;

Lm(x1, yi);

X2 = xr + 6 * Lmcc; y3 = yr - 9 * Lmcc;
y3 = y3 - 1 % step; y2 = yr -~ 5 * Lmcc;
if (x1 == x2)

{ Lwire(x1, y1, x2, y2, END); 7
else
{Lwire(x2,y2,x2,y3,x1,y3-abs (x2-x1),
x1,y1,END);}
¥x1 = xr + 8 * Lmcc; x2 = xr + 9 * Lmcc;
yl = y2 = yr - b * Lmcc;
Mwire(x1-Mwd2, yi, x2, y2, END);
x1 = x2 = xr + 9 * Lmcc;
vyl = yr - 1 * Lmcc; y2 = yr - 5 * Lmec;
Lwire(x1, y1, x1, y2, END);
Lm(x1, y1); Lm(xl, y2);

/* etc. . %/ } end_cell(); exit(0); }



Input

Verilog E Auto-Router
file |
! Greedy
_ | Router
pre-router E
Intermediate . | Read Processing Print CDL code
;‘fle‘“Sf | Module %g) Module | | Module file
ile ;

Figure 1. The router information flow.
possible spacing error
» standard cell connection
A B A

room
for
adjustment

snap to router grid snap to router grid

Figure 2. Jogging wires to connect from a cell to the virtual grid.

H=

I-lnr

Figure 3. D2FF Auto-Routed Layout.

255



	Main Page
	GLSVLSI99
	Front Matter
	Table of Contents
	Author Index




