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Abstract

This paper presents an efficient algorithm for incremental and hierarchical design rule checking
of VLSI layouts, and describes the implementation of a layout editor using the proposedalgorithm.
Tracing the sliced edges divided by the intersection of the edges either in a polygon or in two
polygons (Sliced-Edge Trace), the algorithm performs VLSI pattern operations like resizing and
other Boolean operations. The algorithm is not only fast enough to check the layouts of full-custom
designs in real-time, but is general enough to be used for arbitrarily shaped polygons.

The proposed algorithm was employed in developing a layout editor on engineering workst-
ations running UNIX. The editor has been successfully used for checking, generating and resizing
of VLSI layouts.
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(a) polygon intersection,
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typedef struct _point |
int P /% coordinate of vertex %/
short nth; /% nth vertex */
short origin; / * original vertex number %/
struct _cross *kncross; /% intersecting point %/
struct _point % next; /% next vertex %/

} POINT;

typedef struct _cross |
short nth; /% nth intersection %/
short type; /%intersection type %/

struct _point % pointl, ¥ point2; /% vertex numbers of 1st
and 2nd polygons at
interscction point %/

{ CROSS;

typedef struct _polygon |

/#%number of vertices %/

/% bound

/% point to first vertex %/

number ;
bbox[ 4] ;

struct -point k start;

short

int box of polygon */

{ POLYGON;
poygon ¥ P1, % P2; /% first and second polygons % /
point k% Al, ¥ A2, ®* A3; /% vertices of first polygon* /
point % B1, * B2, % B3; /*vertices of second polygon * /
cross *Cl, /*¥cross point btw 1st & 2nd
polvgons * /
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A2 Zhelglan eEl s Ble wiEls B2E vhejsla
ek, mat o) 4E Frel A mapel ofef Az
o oejeleaql A3sh wEl s B3vE A san wmgh aLat

B2-—-nth=j41; B2 A2 A2-nth=i+1;
Al—nth=1i; Bl-+nth=j;
Al-»next=A2; Bl-—next=B2;
Al-+origin=Al->nth; Bl-—>origin=j;
Al-»rncross=NULL; Al B1 Bl—ncross=NULL;
(a)
B2 »nth=j+1; B2 A2 A2—nth=it+1;
A3 »nth=Pl-»number+k; B3—nth=P2- »number+k ;
AJ3—next=A2; A3 B3 B3 rnext=B3;
A3-»origin=Al—nth; B3-—origin=B1l-+nth;
A3-+ncross=A2—ncross; o\ B3—ncross=B2-+ncross;
Al—nth=i; Al Bl Bl-»nth=j;

Al —»next=A3;
Al »origin=1;
Al—ncross=Cl;

Bl-+next=B3;
Bl—origin=1j;
Bl-»ncross=Cl;

Cl—nth=k;

Cl- »type=1;

Cl-»point]1=A3;

C1 »point2=B3;
(b)

a3, i Agel AR FE

Fig. 3. Data structures before/after intersection.
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int Self_ORing (polygon)
POLYGON s polygon;
i
if (number of real.cross==0) |
if (number of pseudo_cross>0)
return (BAD_POLYGON)
clse
return (GOOD_POLYGON) ;
i
/% check only for bounding edges from first edge in following
while loop* /
while (cur. cross-num>0) |

if (real.cross exists on the reference cdge) |

if (direction of intersecting edge = — entering_edge)
return (BAD-POLYGON) ;
clse |

priority of each edge- ;

CUr_cross.num--

t
else
if (reference edge= = frist edge)
break;
else
reference edge=next edge of reference edge;
|
if (cur_cross-num= =) return (BAD_POLYGON)
/% check for remaining real_cross in following while loop */
while (cur _cross.num>0) |
order=0DD;
for (each real.cross used in previous while_loop) |
if (real_cross exsits on the reference edge) |
if {cur_cross= = starting cross)continue;
reference edge==next edge which has higher priority;
=0ODD) |

if (direction of intersecting edge= = entering.edge)

if (order =

delete intersecting edges from current cross point
to previous cross point and make new edges to abut

along reference edges:

Ols(’
return (BAD.POLYGON);
order=EVEN;
|
clse /% order==EVEN %/

order=0DD;
t
else
reference edge=next edge of current edge;
if (cur..cross.num= = 0) break;
t /% for %/
t /% while %/
b /% Self ORing */
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theta 2

reference edge

intersecting edge
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Calculation of two angles for intersection.
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1. Determination of starting polygon and

direction for tracing.

—

S - 1 N
TA N D | intersecting polygon ireference polygon

theta] <theta? | <thetal>theta2

-0 R | reference polygon J intersecting polygon ]
MINUS | intersecting polygon J reference polygon
i reference polygon i intersecting polygon
X OR
backward forward

if (Intersection_Type==1) |

if (current polygon—= = reference polygon) |
polygon=intersecting polygon;
edge=next edge ol intersecting polygon;
i
clse |
polygon—=reference polygon;
edge=next edge of reference polygon;

!

else/* Intersection_Type==23 %/

2280,
Fig. 10.

edge==next edge of the current polygon;

24 mpgel Gads o2 A4
Determination of the next polygon and edge
during tracing.
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(a), (b) cut case, (c) abut case.
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2 . Radix Hash
agdal g gt g flele] A nig

it (4104 Al

Qt¥l “multiple storage radix hash tree”2] vf2lo 2

Tree

Bl 24 ~8 o] quad tree B FRel] wEE
# A 7] quad radix hash tree® AF2-3k2dct, ZF buc-
ketel ZL7|= Egje] 7lo|o] ufE 20] uldr  E4
Svl, ool ghal sPgol 43 o4l Gal oleje] =
7| 2 2-¥] bit-shift d4ke] ARE-ct,

dlolet A2l

Quad tree?] 28 F&o ojod el ml djole} #
o of3o] ebme|Eat 7ol recursivedtdl
o] ®lwj 538 delete] 4F3) 4] dlelele] bounding
box7} A L (top node)Hell Z3HER] % 4
e AY wm g Frleka Falol AA4Y wxe

$121% WA e Folof
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pseudo C <l

Sliced-Fdge Trace %ilg]E-& o] &3k A&

(b (a)oll i3t quad tree

(67)
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void (* application| ]) ( ) =1{region draw, point_search,
region_search, insert_object, delote_objoctl' ;
void QuadTree (nd_ptr, window, func, object)
QuadNode *nd_ptr; /% struct for quad node %/
int window| ] / % specified window %/
void (% func) ()
OBJECT *object;
i
if (fune= =insert_object && nd._ptr==top_node &&

/*a function of application] ] */
/% specified object %/

nd_ptr - window is bigger than window) |
build_super. sector {(object) ;
/% makes a mother tree of nd_ptr and
attach three null_subtrees of mother node %/
top-node=nd. ptr;
return,
i
if (nd-ptr— num.ot_object > =0)
(% func) (nd-ptr, window, func, object) ;
else
foricach sub_tree)
(% func) (nd-ptr, window, func, object) ;
t
void insert_object (nd_ptr, window, func, object)
|
if (nd.ptr'= num_of .object > THRESHOLD &&
nd_ptr - window >MIN_SECTOR.WIDTH)
build.. sub_sector (nd.ptr) ; /% makes four subtrees %/
else
add.object (nd_ptr, object) ;
/% adds the object to linked_list of Quad.Node %/

V. DRC =3l

1. DRC %4
DRC 7 Alell glof 4= gll4e Aot 3Eo]
chkglef] el 4 6!351%5 A%,
A«l 7}x:
2l

CIRRE
A 74 A (notch),
, 7re ela A2 ol (path length) 5-¢) 013“1
Folel b el a4 4l s) = A 7bA (space), F

Hen(losuro) O%:r:(margm = extenslon) *LK’_OQI

B (co-margin), -L€]3 i3} (intersect) 52 Z A7)
e, elel® DRC Asbe AE47  A4ae
714 d 85 gJdo e rule tabled =Astol FdlH

) sl Alo g ryled] FHo| FhEshrt

2. DRC 48 wi

DRCE Fddle Wor alolol dlolEle
Gxfol olguniet 2 4R byl el
DRCE 3lsl+ “real—tlme incremental DRC. &

oo} wojete] FAe| AUF whwict FHH b4y

o] 31§ WEats Ao A AP st AL} F
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(a) width

-]

(b) space (notch)

— I

(¢) path length

polygon 1 1 polygonl

4 « | polygon 1 ‘ -

polygon 2 -
I polygon 2 } polygon2 § i

(d) space (e} enclosure (overlap) (f) margin

polygon1l § polygon 2

polygon2 t/ I
' polygonl

(8) distance (h) intersect

O34 AAY gk Al AR EY e
Fig. 14. Examples of design
checked.

rules which can be

45l 4 Sol el DRCE 4ashad ¢ w -~
ol 9t hAgEel chehin DRCE 4okt
“interactive DRC” AFg-x}7} A5l E& ofody
ol 4 7zt t}ztg5¢) DRC flagzt #l 2512 %2 v}

& 5ol el Aut DRCE 43 “window DRC]
AbEaE 7Y 2 A sk B A oddde) mE o}z o

el DRC flagel #%34Al DRCE o4l sdete
“window DRC; Ab&xb7} 2 A3t 53 A W] 2
< tt4g 5o dsl DRCE 433k “cell DRC) 1
2lat w3 22 £4 Ao sl DRCE st
“batch DRC"E°l 2leh ol&o -2 ARgat7t 4
slof ule} Aelste] Aol 7hFsle, thgitler W
7do) shgelel, o] FYINAE pseudo C AR
e b et

check_DRC (object)
POLYGON *kobject;
i
/% DRC_function_list:linked list of DRC functions %/
/% cur_fnt:current DRC_function_list %/
/% DRC_rule_table:point to DRC_function_list for each
layer */
if (object— >DRC _flag==
switch (DRC_mode) |
case REAL_TIME:
cur.. fnt. =DRC_rule_table[ object »layer] -» DRC. function_list ;
while (cur_fnt ! =NULL) |

/% polygon to be checked %/

1 H E%l}u@nﬂﬂ r»L.

NOT-CEHCKED || MODIFIED | ERROR) |

BO28A B B 15

(* cur_fnt = function) {object, cur_fnt—rule);

cur_fnt=cur_fnt—next;

i
break;

case INTERACTIVE:
push_stack (object) ;
break;
}

3. #lolo] WAl (Layer Generation)
Resizing, Boolean operation, Z2]1. topological
Apgato] bt 5 allofolel A4
Ei FFA] dioleto] dal £3 glolo] & s}
ol 2§ doleld WAE 4 glon] iAoz
s8io} shgsiet,
4. @lo]obR ot ¥
slhute] S +Astn Qv 5ol reference o]
A= obE Al (instantiation) & 43 o] 7b53she,
3l “edit-in-place” Aol = incremental DRC2] F3l o]
7bssted A Z AL ellolobt AAlo) Abgo] =S &
ol stt}, User interface@ & t}okdl of|t]®l wajo] e}
bind-key, AH&2} A o] vtz g 7] 7]%, #lE interr-
upt, Hefg dlolele} B459 ohekd V5 ES v
ok, =3, dolohx ot = = ¥
o7 Agsle oelg dolel 9o g CIF, Calma
GDSII stream Silvar-Lisco AF2] FDR Z=illo]
7h5-8h e},

==
It

. e
operationg &
O

U

JR=N

| 51

V. DRC ¢tiz|s
1. Single Layer Check
(1 A%

AEo] e @l Aot o] dgel A

F

TE AT HOIA, FRE AAFA Aol
AN A5 ol 2 oA elel2l RE ol g
A% A AR sl At 244 pseudo C

FTE o e
Check_WIDTH (polygon, min_value)
POLYGON * polygon;
float min_value;

}
Pre_Resize (min_value) ; /% for oversize %/
if (is_clockwise (polygon) )
return(ERROR) ;
Reorder_Vertex{(polygon) ;
if (self _intersection exists)
return (ERROR) ;
else
return (NO.ERROR) ;



#HEk s Sliced~-Edge Trace %
(2} A 747 (Notch)
2 14(bjoll A1 &} 7o) Blitel chzL&d

A st Aoz, ol o

]

ot

Check.SPACE]I (polygon,
!

Pre_Resize (polygon, min_value/2);

R
o
£

min_ value)

/% for oversize %/
Reorder_Vertex (polygon) ;
if (self_intersection exists)
return(FRROR) ;
else

ruturn (NO_ERROR) ;

ok

Check-AREA (polygon, range)
{
fori=0;i<n:i++)
add_term +~=x[i] ®* v[i+1];
sub_term + =y[i]%x[i+1];
t
arca= (add.term- sub_term) /2. 0;
if (area is belong to specified range)
return{NO_FRROR)
else

return (ERROR) ;

(4) 742 Zol

13150 Ao} Zho} chzbed 2
4] 7} trapezoid?] center linedl Zo] =
Az Aol Fod

trapezoid 2. #&&lw
t]to 2 4

PATH _LENGTH=pl_1+pl_2-+pl_3

S
\\ -'—D],B—’

- pl_1—*

315, 72 Aelo A4k
Fig. 15, Calculation of path length.

(69)

£3F A& A Incremental DRC A] £l 69
2. Two Layer Check
(1) Al7kA
2R 4l A oF Frol TR e M2 & dlo]
of ol F thrtyzhel M7l AS AHapsls Aoz T
thAE zke) mabele Faalt) o] & dlletE odn
2l 5% o292 pseudo C °4°]§— Ve ofga) 2k
o},

Check_SPACEZ2 (polygonl, polygon2, min.value)
POL.YGON *polygonl,
float min_value;
}
oversize (polygonl, min_value) ;
if (AND (polygonl, polygon2) ==NULL)
return (NO-ERROR) ;
else |
for (each ANDed polygon) |
if (accurate_recheck (polygon) =
return(NO ERROR)
else

return{ERROR) ;

*polygon2;

=0K)

(2) ié 4 (Enclosure)

(el 42} slo] qlofo] aojeje]  chzteio)
ohE eﬂoloiel chad el hd el fatex g AA
she Ao A, Hx 727t Ads= 4%+ MAR-
GIN ZAbg oha] sl "ot o 7iabel obae]
B ok b

Check_ENCLOSURE (polygonl, polygon2, min_value)
t

if (overlapped (polygonl, polygon2) )t

if (MINUS (polygonl, polygon2) =

if (min_value is specified)

=NULL)

return (Check_.MARGIN (polygon1, polygon2, min_value));
else
return(NO.ERROR) ;
else
return(ERROR} :
|

else

return (ERROR) ;

3) o ¥ (Margin,

04_,_ 744‘- TR 14(f) o;]x.]g} 7Lo] £ \:erLz;aol
ek of s obzbE (polygonl) @ 9] ol A (out-
side edge) ZH-€] WA sl t}7+g (polygon2) o W
ofl 4] (inside edge) ®| A 2l& At A, 23 14(e)

Extension)
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ol Ao o] ahifel chrhadel thi chrha sl W ¥l
2 W W ot o) olxzie el o
Aol Wi o=t Aelg Aatett AemA

ol & st daeEe b 3t

i

Check_MARGIN (polygonl, polygon2, min_value)
}
search_intersection (polygonl, polygon2) ;
if (! intersecting point exists) |
oversize (polygonl, min_value) ;
if (MINUS (polygonl, polygon2) =
return(NO_ERROR) ;
else

return (ERROR) ;

=NULL)

}
else i
AND (polygonl, polygon2) ;
for (each ANDed polygon) |
edge_expand (polygon, min_value,
edge_mask=polygonl} ;
/ % expand edges which _ame from polygonl by min_value %/
if (MINUS (polygon, polygon2) = =NULL)
return(NO_ERROR) ;
else

return (ERROR) ;

(4) 4% o2 (Co;margin)

o AAbsh v Zeht TRl Lol AE
o i ol s e 91T A4 hAe) Aels AAbeh
£ oleh, AgAoE that pol Fulel of ¥
A Adoht 2AAet SAel ael 44
2 Sy
Check.COMARGIN (polygonl, polygon2, min_value)

i
Check_MARGIN (polygonl, polygon2 ,.min_valve) ;
Check_MARGIN (polygon2, polygonl | min_value) ;

(5) Az} (Intersect)

el Lol 49} o] Hz ThE alolols] % chat
Hol wabg Wl shbel chAde ¥ old e
Gg chdel Wy elaAAe AeE A A
224, o] Ao dmeEFe oEH ok
Check_ INTERSECT (polygonl, polygon2, min.value)
t

make_ clockwise (polygon2) ;

AND (polygonl, polygon2);

for (each ANDed polygon) |

1A E T EHR GE

E28A B B 1 W

edge_expand (polygon, min_value, polygon2);

if (MINUS (polygon, polygonl) = —=NULL)
return(NO.ERROR) ;

else

return(ERROR) ;

3. DRC s39 =3}

skl ehrtgol diel ofelslAe A FAES
Arshe A, 7 AA FAES SdHon S
s Ao] obueh AAlelolol @ AA FHEY =
e ve] Anozd 7 AAEY FEHE 3
qe Aish ¢ 4 ARE 7 AA FH A £
g A A e B2 del Aule s o 44
Sl ol S 4 =S Goh

VI. AI&X (Hierarchical) DRC

¥ DRC Al=®] 2 ASH 729 aolobx dlofet
of el 45 whst4lez ZL&] DRCE F#ler) 8
o 7+ Azke] AlE ANE Eel Fx FA5A H
uj 7} Aol instantiationA] &) Z]EA M 2% HE
4 (transformation matrix) & 7}Al 3L ot ol

% HuZ ol gstod, shite] chadel tHak DRC
o] #alA) %= o] t}7z}d 9] bounding boxZ 5 € DRC
T+ H4 Aels F oA Adud #3Aa

| alele] wsq bounding box2} %3 wajz}

dol Az el Ay Aol HE

stol o] AWl e E oy
e F ANS) e chrEEs DRCE 49
A 5w, o] AL recursivedtA X} &
4 2] instantiationA] 2} DRC 43 =}at7xl2 Ag
bounding box®. %8 Z§¢] DRC A =tE 2haka]zl
A4 odd 2 malbsle oSS vl Adeg
of o}ty Foll sl Aot 32 woz DRCE
dsAl =lch

w3}l o] A&= DRCE w3 2ol #3331
745, shtel Alo] o el instantiation® 7% ©]
Adoj gk ghHiel DRC 4-3ntez apa=sl  Fol
Ae] DRC 3 #4AE A& & A 224 DRC

3ol ok A7HE wHAZE & Addr AFA
DRCE +#35te i el5$ pseudo C ol e}
el oh23 2
Hierarchical . DRC (polygon)
POLYGON * polygon;

P e
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Find_Objects. ToBeChecked (polygon) ;
/% {inds objects in the window expanded from the
bounding box of the polvgon by maximum DRC value */
for (cach object) |
if (object is a cell)
make_transform.to_lower_cell (polvgon) ;
/% changes coordinates of vertices of polygon
o the courdinates of object cell */
Hierarchical .DRC (polygon) ;
/%in this step, active-opened-cell is chnaged
to the object cell %/
make_ transform_to_higher_cell (polygon) ;
/% changes coordinates to come back %/
!
clse

check _DRC (abject) ;

A% DRCOl 432 o] alue| Sl slsh 2ol
A A} earap api vl zbalo Hel 2o
o] DRC 3+4 Azlih SRR
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