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ABSTRACT 

The expert system design of transmission lixc geometry is presented. The  design 
focuses on reduction of crosstalk and signal delay in microstrip lines. First level of 
design utilizes the \vliolc rarigc for each design parameter ant1 gives satisfactory cross 
section gcomctry as ;L result. Tlic sccontf level opt iinizcs tlic geometry i v i t h  rcspccl to 
the  clioscn paranlcters. 
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Package design rcquircs expertise i n  electrical, mechanical, thermal and many other 
areas. Oiten only qualitative knoivledge is available that is pro\.ided by experts i n  tlic 
field. The knowledge has bccn encoded i n  form of rules a s  a part of the expert system. 
In this case tlic expert system design is used for reduction of crosstalk [l] and signal 
delay on a system of onc quict and onc driven microstrip line of idcntical CrossectioIi 
geometry that are tcrniiiiatcd by cliaracteristic impcdanccs (scc Figure 1). 
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r i p r e  1: Definition of the systcni to be designed 
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a set of attributes of tlic interconnect geometry: spacing, width, thickness, ]wight and 
dielectric const;uit (SCC Figiirc 2). 

Driver cl, Receiver cl Interconnect 

model 1 

(s,wt,h,Er) 

Figure 2: Definition of Database 

model2 

Operators affect cliaiigc on the iritcrconncct gconietr\* a n d  arc encoded in form of 
rules as a part  of rulclasc. Every parameter of transmission line cross section plays a 
rolc i n  reduction of coupli~ig noise and signal delay. For sonic of tlic fivc parameters 
tlie clircctioii of cli;iiige can be generalized rcgardicss of tlic s ta te  of the othcr iou; 
pilr;irl1ctcrs. 111 t l int  case tlie rille returns either iilcrcasc or tlccrcasc as a direction 
of cha~igc of that given paraiiicter. For parameters i v h i c h  depend on currcnt statc 
of geometry, t\vo siii~ulations are  needed a t  the endpoints of user-defined intervals to  
dctcrmiilr tlic bcliavior of a given para1:letcr \ v i t h  respect to user-clioscii objectives. 

Search is used to ohtain either satisfactory design or a failure to mcct user-dcfiiictf 
constr;iints. T\vo Icvc~ l s  of srarcli arc provided \ v i t l i i n  the espert system module. Eacli 
of tlic Icvcls utilizcs ;L dcptli-first search as  defined L y  piioritics of change for eacli 
parainctcr. DotIi of tlic levels list the  rulebase for a tlircctioli ofchaiige for a paraii ictcr 
that is chosen aiitl first anti scco~id order pol!.nomial approsirnations to dctcrriiinc tlic 
exact amount of c l ~ a n ~ c .  

Lcvcl 1 is used for rough design. It utilizes tlic entire parameter  interval a.s given 
by the uscr. U A ~ I O S I  (31 w i t h  Feller's approximation of crosstalk [ 3 ]  or U A K T L  [SI 
are used as mcans of cvaluation of the design. Tradcoff betiseen crosstalk and signal 
dclay tlcsigii is pcrfornictl i f  there is a conflict i n  conclusions of tlic rules consulted i n  
ru1cl)ase. The fiii;il oritput of 1,cvel 1 is a gcoinctr\* tha t  citlier niccts uscr's constrailits 
or is incapablc of meeting tlic~ii. 

Input into Lcvcl 2 is a siicccssful design from I.cvcl 1. Since Level 1 uses the entire 
miigc of pnr;irnctvrs. I,cvc~l 'z is providwl as  Iiiraiis of optiniizing dcsipi. For exaiiipl(1. 
I,cvc1l I \voil lt l  Ii;ivc cl iosc~i  tlic iiiasiiiiiiiii sp;lciiig i i i  ordcr to rcduce crosstalk, \vliile 
really only a sliglitly liiglicr value of spacing is needed to  meet user's constraints. 

A typical scssioii iv i t l i  the cspcrt systcm consists of providing tlie system \vi t l i  initial 
gcol~ictry ; ~ r i t l  tlic o l ) j w t i v c ~ s  t o  he I l l c i t .  'I'lic IiIasiilliilii \.i?lilCs for crosstalk aiid/or sigriiil 
delay arc tlcfincd. ' 1 ' 1 1 ~  geometrical parameters a rc  chosen. The priorities for change are 

model 4 model n model3 
. . *  
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assigned together with tlic ~iiininium and maximum values for cadi  of the parameters. 
Next the design coiitiiiiies i n  depth-first scarcli manner according to priority assigend to 
cadi parametcr. Iiulchasc is consulted for direction of change and numerical methods 
are used t o  define tlie amount of change of a given parameter. The  new geometry 
is crcatctl and cvaliixtcd by simulation. The  results arc fcd back to  tlic cspcrt system 
wliicli itcrates on design unt i l  no furthcr improvements can be made or successful design 
is achieved. 

The expert system provides good means of design when only qualitative rules are 
available. In order to be more cffcctivc, the design needs to include more of the areas 
in clcctrical domain ant1 other domains of packaging. The  long term objective of this 
cflort is to cvolvc the expert system into an intelligent VLSI package dcsign support 
tool. 
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