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Froblem:

The current design rule descristions used throushout the IC
design world are couched in English largussge descrirtors such as
"width" and "sracing® which are ambiguous in their intersretations
and do not sccurately reflect the phusicsl limitstions of srocessing.

EXAMFLE$
"WINTH®": I know of two commonly used definitions of widbhe: namelu?

1.2 The minimum distance messured between two non addzcent line
se#gmerts on 2 rolugon.

2:) A poluwgon has a minimum width Wmin if 2 circle of diameter
Wmin cen rass between a2l1 roints on the border of the roluson.

Below ave illustrated some rerfectly dood structures for laving
out an IC which violate one or both of these defimitions.
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It should be clear by now that it is not the geometrical erorerties
of the rolugons which is imrortant but something else.

I would like to claim that what we're treing Lo do with these
design rules is to make sure that the circuit works. We reslly don’t
care 1T sometimes roluwgons change share or short oult or even
disarrear altodgether. As long as the circuit works we’ve done our
Job. I elaim that a1l design rules boil down to one simele rule?

LAY OUT THE CIRCUIT SUCH THAT UNDER WORST CASE FROCESSING THE
CIRCUIT TOFOLOGY IS PRESERVED!
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So what I7d like to do is to come wup with 3 design rule descrirtion
which has the following atiributest

1. First and foremosts It should sccurstely and unembiguously
describe how to lawsout 3 civouit such that evern under worst case
rrocessing the circuit torologwe is ereserved.

2:.) It should also be hobth teachasble and learneble. If it’s not

teschable it won’t be used bw schools and if it’s mot learneble
it worn't be used by anwone.

3:) It should give some insight into the shusical limitations of the
rrocess without doing into the dorvy details.

4.3 The descrirtion itself should not change at all between similar
rrocesses and it should change verw little from one denerastion ero-
cess to the next.

5.3 Easch rule should be able to be unsmbisfuously exrressed in terms
of the rrimitives of & rrogram like the rolwsgson rachkadge.

A design rule descrirtion consists of & rmumber of rules to follow
when lawving out 8 circuit. IT wou thimk about these rules for a8 while
wo maw discover that esach rule is really telling wou how to avoid some
rarticular failure mechanism. For examreler the minimum width rule
tells wou how Lo avoid shorts between addascent roludgons. 1 believe
that to do am intelligent desidgn amnd even to write amn intelligents
accurate checking srogveam wou need more information than this. A
comelete desidgn rule descrirtion will give wou four sieces of info-
rmation where current desidn rule descoristions only give wou one or two.
These four rieces of informatiorn aretl

1+ It should tell wou what the Tailure mechanism is wou’ re treing
to avoid. edg. shortsr orenssy source to drain shortr etce. Sometimes
design rules tell wou this.

23 It should tell wou (without Hoing into dory detzils) what the
worst case rrocessing condition Tor this fsilure mechanism is.

3.3 It should tell wou unambiguously how to svoid this mechanism
when lawving out the cirocuit. (This is omne thing that current
descrirtions try to tell wou.)

4,3 It should describe how to check the lasout in terms of the
rrimitives of & rrogram like the rolusion sackage.



It's 2 ressonable euestion to askr whye if this information
is needed: is is not included im desidmn rules todauw? The answer is
that virtuslley everw IC desidgner todaw is krowledssble in rrocessing
technologwy and device rhusics and knows in the back of his mind
what these Tailure mechanisms are snd how thew herren. There are
two eroblems with this! Firsty even if everw IC desigrer continues to
e & erocess and rhusics whizer the lswout desigrer is rnot and the
guw who writes the checking srodgram srobable is not. This means
that the lavoul designer does dumb lawouts and the checker writes
dumb erodgrams leaving the circuit desisner to certify by hand
that the lsuwouts are dood. Secondlwr the IC designer of the future
will have to be verticsllw integrated more than the designer of todaw.
He will have to be 3 whiz at logic design: computer architecture:r eto.
Given that the designer has finite smartmessr he will be dumber azbout
rrocessing and shwsics. The descoristion to follow recuires the
designer to know no more than is tausht in C8 181,



DEFINITIONS

Before I start with the checks themselves I need to mzke some
definitionss

1.2 Fised Rias (FR.lawer)! This is the sum total of all effects
which tend to make the dHeometry on the silicon bidger (rositive
bias) or smaller (rmegative bhias) tham thew were drawne: on the
sveradge. Note that ststistical varistions like overetching

agre averadged out and are not included here.

All I ask is that wou krnow that such effects exist: I don’t wish
to burden wou with the detsails of the srocessing.

IT wou harren Lo know 2 bhit shout srocessing: then 1711 tell wou
that some of these effects are thinsgs like!

Out diffusion
Field oxide encroachment (bhird‘s besak effect)
Bloating or shrinking done to the dats before the masks are made

Im sure that it will be arsued that I should delete this because wou
should draw what vou want and let the srocessing house handle this.
I be thrilled if the whole world did thisr unfortunately thew don’t
ard I include it for that reason. IT wou harren to be one of those
few reorle who draw what thew want on the silicon then wou get to

use 0 for wour Tixed bias.

2:) Btetisticael Bias (SB+(or ~).lawer)! This is the sum total of =211
statisticel varistions in the srocess which tend to mske the deometry

bigdger or smaller than drawn. Some of Lhe srocessing sters are in
fact ssymmetric and for this reason I made a distinction between the
+ biss and the — bisgs. Thew cen have different values.

IT wou harren Lo know sboult rrocessingrs some of the effects included
here areil

Mack dimension tolerasnces
Over and under etching
Statistical variation inm the Fixed Rias

3.) Mesk Misslignment (MMi): This is the sum total of all effects

which tend to meske two different levers not overlaw exactly.

(i) is the level of indirection in the zlisrment. Two directlw
alidned lavers have no indirection and have i=0., Two lavers alidgned
throusgh one other lawer have 1 level of indirection hence i=ls ete,

/ F‘le
~?“\\\\\“N contact

oP diffusion =G contact ~gfe——-metal

[=3= 2%

diffusion
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4. Mimimum Final Width (MFW.laver): This is the mimimum Final
width after 811 rrocessing that is sllowsble consistent with
current density reauirements or resistance or whatever.

5.) Mirmdimum Final Ssacing (MFS.lawer)! This is the mirmimum Firmal
sracing after 211 rrocessing thaet is allowsble consistent with
crasstall recuirements or runchthroush or whastever.

4.3 Mindmum Final Ares (MFA.lawer)! This is the minimum finsl ares
after 811 srocessing that is allowable comsistent with contact
regsistance constraints or whaltever.

Mow that these definitions are made it is rossible to talk
sboult the design rules in terms of these rarameters without actusllw
knowing the values of the numbers. OFf courser wou need to krnow
the values of the numbers before wou do & lawoul. For industrw
user the exsct values of these mumbers will denerzlly bhe krnown
ahead of time and lawoul can bedin at any time. For places like
Caltech where the desidgnsg must work on ane number of srocessess
2 technicue might be to roll 311 rotentizl silicon foundries
as to the values of these numbers (with the excertion of the fixed
bias which thew would srobably consider srorrietary snuway) and
take the lardest of esch and design with that. That would gusrentee
design working on anwy of the processes.

the



DESIGN RULES

I have not worked out 311 of the design rules in this scheme
get but a8 Tew ssmrles should suffice to show the nature of the
descristion.
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Rule? Minimum Drawn Foly Sracing=FR.rolutSBt.rolutmFS.roly
Furrosed: To avoid shorts between addacent rolw roludgorns.
Worast case rrocessingl Poly bidgder hwe 8BY.rolw

Checking Algorithm: InfTlste rolw bw FR.rolut8Bt.rolutMFS.rolwr then
check to see that the circuit torologw is rreserved. z.

(mot thie)
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This vule still recuires some definitions: but these will be common to
some other checks. These definitions arel

Inflate! (sorryr: I don't have & dgood definition wet. All I know is
that it is srobably not the inflate in the rresent roludgon rachkade.)

Circuit torologw: Circuit torolosw is rresevved LT the circuit net
list is presevrved. This is sometimes called cormnectivitu.

Spagecing! A cirveouit meets the mindimum widith erviterviorn ifes when
inflated by Smin/2y the circuit torologwy is sreserved.

A roint that I sort of skirred over is checking to see that circuit
torolodgy is preserved. To do this wou senerste (unless wou are given
one by the desidgner) a circwil net list bhefore wou do wour inflates
ar deflates and then Zenerate & new net list after the inflates or
deflates and check to see that the net lists are identical. The
exact algovithm to do this is not defined welt but it clearlw

involves device recosinition and some krowledse shout whst 2 contact
does. Such an algorithm is rossible since I krow of two erosrams
that do Just this.

The width check is verw similar Lo the sracing check evcert

that wou deflate instesd of inflater o I worn’t bother describing
that one. An interesting check: since it is one which gives
traditional checkers & hard time is the dgate overlar check.
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Rulei Mindimum drawn #oly overlasr of transistor gate
=MMOFF R i PP48E+ di PF4F B roludSR—roly

o " e s o e e s o e e o " e s e s 5 e s e s o e e

Reason: To svoid trarnsistors turning into casacitors (s to o short)

Worst Case Processing! Diffusion bigger bw 8Br Polw smaller hu SRe
roly and diffusion misaligned to make overlas smaller.

Checking Algorithmi Inflate diffusion by FBISEy Inflate roly bu
FE-SR—» Misalign he MMO nrseerw and check for sreservation of
cireuit torolodgwe after easch wmisaligrment. (note that if wou allow
4% dedree lines wou meed Lo misalign nersernwrsw alsosd if wou allow
all arngles wou’se ur the coreek without & raddle.)

e
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Note here that I've wused a erimitive called translate which is not now
sart of the roludgon rackadge.



SUMMARY

What Ive tried Lo do here is to describe 2 new waw to attack
the rroblem of design rules. I7d like to thinmk that the rules are
teschable and learnable to and by reorle who are nol erocessing whizres.
By the same tokenr it gives some rhusicsl significence Lo the rules
agnd where thew come from. T would like to think that the descrirtions
are exrlicit enough so that the confusion over the rules that hes
existed in the rast is lessened: and that the checking sroblem iz
simrlified since the rules will a8ll he described in terms of the
rrimitives of 8 rolusgon rackasge like srogram.



