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Abstract 
T h e  paper descr- a similation envi"ent 

for prediction of electrical characteristics of 
integrated CiIUlit packaging structures. Ihe 
simulation shell, Packaging Design Support 
Envimrmnt (HXSE), integrates tools for modeling 
and simulation of electrical charaderistics in 
VIS1 packages. lmey also provide facilities for 
suppor+g design of -1 packages. 
smulation tools mdel indudance and capacitance 
for multiconductor, multidielectric, two- 
dimensional structures with lossy dielectrics. 
Another accepts the L and C matrices and caqutes 
pulse response characteristics of uniform 
miltiple, coyled, lossless transllss ' ion lines 
whichareterrmM ted at discrete points with R, L, 
and C elements. The design process in PEE 
proceeds in three rrajor phases: modeling, 
sinnilation, and evaluation. l?ese processes are 
interactive and &law the designer to refine a 
design model, modify sinnilation experiments, and 
apply various evaluation prradmes. 

1. Introduction 

pdvances in semiconductor technology have 
bmught about a dramatic increase in speed of 
operation of silicon devices and integrated 
circuits. As signal rise times bewne shorter 
than 1 ns, the electrical perfonnance of 
interco~ions becanes an important factor in 
the engineering design. ?here are 7 
electrmgnetic p?""" that are becanvlg 
inportant in d e t e n " q  the signal integrity and 
overall system performance at such speeds. The  
behavior of interconnections has beccane an 
inportant issue in W I  packaging because of the 
~krce~talk~~ and reflections which increase as the 
density of packaging becames higher and the 
distance between adjacent conductors beccanes 
smdller. 

T h e  problem of predicting the perfonrance of 
interconnections is very ccsnplex and the use of 
modeling techniques and aqmter sinnilation of 
intercox-mectw structures is "f?cessary. The 
simulation of transients in the interconnections 
is a principal way of obtaining information abcut 
the electrical performme of the desigmd system. 
Experimentation with hardware and its subsequent 
redesignirg-remamfacturirg is very e>cpensive in 

terrrrs of time, materials, and use of qui-, 
and as such is not practical. lkis reinfonxs 
the significance of sinnilation and ndevant 
supportingsoftware. 

cur methodology for supporting VISI package 
design is derived f m  the model-based system 
design framework developed by Rozenblit [l] [2]. 
In this methcdology, the designer develops a model 
frow which a new system will be created. As 
opposed to system analysis, where the model is 
derived f m  an existing, real system, in design 
the model cc~nes first as a set of llblueprintsll 
f m  which the system will be built, implemmted, 
or deployed. T h e  blueprints might take several 
fom; they could be simple info& descriptions, 
a set of equations, or a -lex ccquter program. 
The goal of the model-based design methodology is 
to study models of designs before they are 
implemented and physically realized. 

F 

Figure 1. Design in the modeling context. 

As depided in Figure 1, the design process 
is supported by the methcdology as follows: 
Design objectives (understooa here as a set of 
design " e n s ,  constraints, and prpyssi for 
which a design process is unaertaken) drive the 
design mcdel develqment process. In this process 
the designer has facilities for retrieval of 
design models which conform to the objectives, 
constraints, and requirements from the Design 
Model &se. If no models can be retrieved, a new 
model is constructed. It is assumed that a l l  
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possible design modals that satisfy design 
-and- -generated* l-Y 
are termed design alternatives. ara modals are 
then evaluated thmugh similation studies. To 
carry cut a similatim run, an e x p e r m  
frame, i.e., the set of cirarmetances under which 
a model is [3], nust be defined. pqain, 
the .designer m y  retrieve an w h i t e  
em=-- frame fLan the Base of Experimental 
Frames or define a new one. Ihe simhtion - 
is followed by evaluation of the results and 
?anking of aesign alternatives. The alternatives 
are ranked w i t h  respect to experimental frames 
under which sjnulatim nms have been performed. 
Thus, design models whose perfonaanoe canfarms 
hest to the design c b j d v e s  are selected as a 
basis for deeign inplementatian. 

Noti- that the separation of models and 
experiments, as wel l  as the model 

and experiment base app-, results in 
reusability of design nndels/experimerrts high 
flexibility in  evaluating alternative designs. 
lhis is the basis for design of the 
Packawq Design aqport "merit. 

(xlr "h and develqment wxk has focused 
on integrating the modeling and sjnulation 
mDdules developed lm%r cIIl1: WI packaging and 
Interconnection p" into an electnmic 
padrasins design support software. plis software, 
called packaging Design !3uppxt E n v j " l t  
(PEE), electrical (and 
€s"lly thermal/lnec&dcal) software modules 
for  V~SI package ,simulatim and pruvides 
facil i t ies for sqprtuq design of VLSI packages. 
The individudl modules are embedded in an 
interactive software envircrrment implementea on a 
DEC VAXstation II/GPX Umkr the Ultrbc-32 
C P = = t i n g  system. 

Figure 2 depicts the furw&ional levels of 
HXSE'S design. Ihe l d  lewel is c a " t l y  
crnprised of the electrical sjnulatim xmdelirq 
tools: Facilities for the design mcbl and 
em=-- frame specificatim a m  prwided at 
Levell .  IheSimilat iQlmqemntleVelhas 
tools for  model and experiment selectim, 
initializatim of similation nms, and hancuirq of 
data storage. Ievel4, still urder develcpnent, 
will include lcnUv1- bases w i t h  for 
analysis of sinulation data, validation of results 
and in design model selection. The User  
Irrterface supports theuser/systemdialogue. 

Level4: USerIrrterface.  
Ievel3: ~ & F c s t h r c c e S s i n g .  
I e v e l 2 :  s l u u l a t l m y .  
Ievell: mdel&EqJer"tal Frame 

M O :  simhtion Tools. 
Specification. 

Figure 2. Functional Levels of HISE. 

we Tylw pmceed to describe these design 
levels in more detail. 

2.1 Electrical Modeliner a n d a t i o n  

A typical " s y s t e m c a n b e  
deccaposed into teL"ting ll&wo&s, SectiaQs of 
multi-.conductor p a r a l l e l  l i n e s ,  and 
-ties (bends, j u " ,  CXC~S-, 
vias). Ihe terrmM ' ting netwxks are modelled 
utilizing lUu@ lp3mlnl* equivalent circuits for 
the campcnents like transistars, 

models of networlcs are detenained using well 
e S t a b l M  circuit analysis techniques. The 

-, and R, L, C el-. Ihe mathmatical 

s e c t i o n s  of multi-conductor p a r a l l e l  

tranmussion lines described by " e m i c m a l  
Waveequatim. Ihediscartirui ties axe replaaea 
by their 1- parameter @valent [41- 
several tools have been developed to simhte the 
transients m SudI interwnnect systems. 

Capled Lina SimiLa tor  (UALSL) [ 5 ]  is a tool 
that w i l l  simhte the transi- respcllse of a 
general linear netwxk c"hg =*, 
ynductors, capacitors, ifAuctors, axpled 
mductors, piecewiselinear - =  - a  voltage 
saL1zT386, 
systemi;. *UP t? 50 mdc, '?I& voltage s(3uL13es, 10 
translusslon llne systeaos, and 100 of each type of 
ampcmnt may be specified. Ead-~ tramdssim 
line system can be of up to ten 
cordwtorsandrmstbedesclzbed by their-lerrgth 
and by the capacitance and idwtame matr1- as 
calculated by me of the pa"=thx calculators 
described belm. 

i . n t e r C * ~ m s  are modelled as milti-wire 

and losslf3ss unifcmll tlzndssim line 

Method of Manents Tmi Trandssim Line 
paraaaeter Calculatar 0 [ 6 ]  and UA Capacitor 
Calculator (UAC) [7] w i l l  Calculate the 
c a p a c i w  and hdwtame matrices (per unit 
1erqt.h) of a parallel m i L t i a " r  tramdssim 
line system given its ccoB8--8ecticIliil geanetry. 
Lines axe assumed to be of infinite lW, an3 
end effects are not Cdlailated. GlxJurd planes and 
dielectric interfaces ans taken as infinite in 
extent. up to ten may be specified, 
and ea& czatbbr may have up to twelve sides. 

specific limitatims of each tool are 
described in the sections belcrw. 

For UAMm, up to six dielectric layers may be 
specified. % "nt calculator w i l l  evaluate 
the m line parameters for geamztries that lie in  
cne of the categories bel-: 

1. Q l e i n f i n i t e g r a n d p l a n e ~  

2. Twoinfinitegrandplanespresent 
("striplike) 

(stripline-like) 
m y  finite sized g?xnmd - 
present. 

3 .  

up to ten arbitrarily shaped oanductors may be 
defjned, any nms3er of w h i c h  may designated as 
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grand-m. ctxmctommayintersect with 
any "ber of dielectric interfaces, kut nust not 
tauch each other or grand planes. To facilitate 
the calculation of the parameters, a l l  of the 
c " r  sides and dielectric interfaces are 
appFoximated by straighf l ine segments 
(sub- 5. )  Ihe more sub"l s per side, 
the 1- the calculation w i l l  take. !me 
dielectric interfaces and grourd planes nust be 
tnmcated a t  a fixed distance frantheccolductors. 

allawable geanetries for UAC are more 
limited than those a l l a d  for UAMCM. '~hese 
geanetries are described belcw: 

1. one finitegrand-r, 110 
grand planes, tm dielectric 
layers. 

f i n i t e  conductors ,  two 
dielectric layers. 

f i n i t e  conductors ,  one 
dielectric layer. 

2. olle infinite grand plane, I10 

3. m infinite grmnd planes, no 

In each case every conductor Illlst lie wholly 
within one dielectr ic  medium. Conductor 
placement is arbitrary as long as the canductor 
does not tcwh any grand plane or dielectric 
interface. AS in UAM~M, the of 
subhtemal s per side my be specified for the 
calculation. 

2.2 Model and ExDerimental ~rame mecification 

AS mentioned in section 1, the separation of 
model and experiment is the basis for manag- 
the simeilation studies in m. w experimental 
frame cos1cept is used to sinulate sewxal 
variations of a model with severdl variations of 
hpt to the model [ 8 ] .  lhis b illustrated in 
Figure 3. 

Figure 3. 
model, miltiple-hpt simlation. 

Block diagram of miltiple- 

"e are three steps in performing a coupled 
line analysis i n  HXSE - create the model(s), 
define the e>q?erimental frame, and Lull the 
simlatian. RLis section describes the model and 

frame specification. 

PDGE allcws the user to define (or retrieve 
froan a model data base) up to ten variations of 
any given model. when the user selects the 
' c r e a t e  models'  op t ion ,  a ' c i r c u i t  
specifications' menu ~pears. "xqh this menu, 
resistors,  capacitors, inductors,, coupled 
-=I voltage =Jy==% and - ion line 
systems may be specified. 
are specified by its ccarnecting ncde rnnabers and 
canponent value (resistance I capaci-, 
To specify a t"ss ion line system, a l l  that 1s 
needed is the connection node numbers, 
transnission line length, and its cross-sectional 
geanetry. 'Ihese data are all inp t  through a 
graphicd, spread- like user interface. up 
to ten nodes in the circuit may be selected as the 
'pmbe-pints' of the sixdation - those pints 
for which the similation results are calculated. 

The experimental frame is defined 
-y of the models. It consists of a set 
of hpt waveforns for each voltage source defined 
i n  the model and control variables (which allow 
the user to monitor the sinulation.) up to ten 
waveforms may be defined. Ihe waveforms may be 
defined as a set of step irqxlts with a range of up 
totendifferentrisetimes,  o r m a y b e a s e t o f u p  
to ten generic wavefonns defined by piecewise 
linear segmerh. mere are twlo sets of control 
variables which mst be defined. F i rs t  is the 
sinnilation length. l'he second is a set of "m 
allawable voltages for each probe pint i n  the 
circuit. RLis dllcws the user to d t o r  each 
pmbe pint to knm i f  an unacceptable v o l w  
ever a-. If an unacceptable voltage does 

either a"e or t.e" tesinulation. 

of the 

~ o n f h e n o c k ,  theuserhasthecpticplto 

2.3 Sinailation 

once a set of models and an experimental frame 
have been defined, the sinulation process maa 
begin. 
illustrated in Figure 4. 

m e m n t  of the SianiLatiOn process 
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AslongastheRunline (framtheAcceptor) is 
enabled, the Genexator generates waveforna; for the 

is to be similated, and m f o m  the Transducer of 
the acceptable voltage level for each circuit 
pmbe. It also signals the Acceptor haw many 
waveforms and mdels t3mx are in the sirmlation. 
The mQxt fraa the simulation 
tools. If  any of the node voltages frcm the 
sirmilation exceed the maximnu allcklable voltage 
for that node in the circuit, the Transduoer 
signals this fact to the Acceptor thrcuFpl the 
Alarm. 'Ihe Acceptor rcunitors the Alann line and 
the sinulation mt. If the Alarm line is set, 
the Acceptor warns the user that one of the 
constraints for the sinnilation has been violated. 
Atthispoint,  theuserhastheoptiontownthme 
or abort the similation. If  the user chooses to 
abort, or i f  all simlations are carplete, the Run 
signal to the generator is disabled and sirmilation 
halts. 

The mta C0asiste.m~ checker has been designed 
so that inconsistent or missing data w i l l  be 
autcwatically replacd when possible. W ~ I  this 
is not possible, the user is informed about the 
pmblem, the similation process is not started 
u n t i l  the 1s corrected. 

When UACSL is to be exemted, FIXE verifies 
tha t  there are capacitance and inductance 
matrices provide3 for each txamuss ' ion line 
system. If  they have not been proviW, PEE 
w i l l  autcmatically run or UAC to calculate 
these values. PCGE then looks for any, short 
circuits or open circuits in  the tamma tion 
networks provided by the user. when the circuit 

rarmbers are also mpt to specify the location i n  
the network the mnpcaent is to be placed. If  any 
canponent has two node "hers which are the 
same, the user is notified of a short i n  the 

specifications a node ls only given once, an open 
cinuit exists and, again, the user is notified 
of the situation. A f t e r  all the data has been 
inpt and verified, the simlation process 
begins. 

tJhen executing UAKM or UAC, =E verifies 
that a l l  the specifications outlined in =ion 
2.1 are satisfied. If  any of these ccaditions are 
not satisfied, the user is prcqted to correct the 
situation before continuing. 'Ihere are several 
" y n t s  that, i f  not satisfied by the user, 
can easiLy be corrected by FIXE. For -le, 
bath UAMm and UAC requim the condllctol: vertices 
to be inprt in ccxmter-cloclwise order. If  this 
has not been done, FIXE w i l l  correct the 
situation and continue w i t h  similation. If  the 
number of subin tends  per side and the 
discretization in x are not specified, w i l l  
assign default values and &hue. 

mta CQnsiStency checker! identifies which model 

canponents are +wt by th" -, 

circuit. I f  t2"t a l l  the a"nt 

2.4 Desian Euxr t  ise and post hrocessinq 

c l " t l y ,  there are two sets of results 
available thmugh =E txkx a set of sinailations 
is -let& A graphics display windaw is 
provided to display the pmbe voltages resulting 
frun the sirmlaticm of any one model and model 
inpt a t  one time. It also  all^ to switch 
qulckly to the plats of results f m  other models 
or other ncd$ iquts. 'Ihe wir" f e a w  
aukmatic scalurg, zoan and pan features, and a 
cursor position display. A secon3 windckJ provides 
a " w i c  display of each of the nodes of a given 
model and sirmilation that had a voltage larger 
than the maxinnrm allowable voltage. 

These features aid the designer as the 
designer attenpts to evaluate vari- models. It 
is planned, hawwer, to add knowledge based 
evaluation procectures to pcGE which w i l l  evaluate 
the sinulation "its and rank the models based 
on various design criteria. Not only w i l l  F € ~ E  
rank design models, but it w i l l  offer suggestions 
on haw to inprove designs. 'Ihe models can then be 
modified, re-sinnilated, and re-evaluatd. lhis 
conceptisfurtherdiscussed i n  section 3. 

2.5 UserInterface 

FIXE provides a mlxlst, user-frierwlly shell 

E p h i 2 i r w z  andmqr~-Z w z  
based on the X-windcrws graphics package to 
accarp?lish this. 

3. 

integnting the processes described above. we 

suacx, rt of P a h u e  Desian Cvcle 

"he long term objective of FIXE develapnent is 
to employ system design, art if icial  intelligence, 
a r d  simlatioqhzdeling techniques to support -1 
packagity design. FIXE w i l l  support activities of 
the design cycle as f o l l m :  The layout/routing, 
driver and receiver data w i l l  be obtained by 
accessing ard/or editing and modifying the design 
data base. 'Ihe laycut w i l l  be translated into a 
gecmtrical representation. lmis representation 
w i l l  serve as an in@ to sinnilation tools. The 
simlation tools w i l l  be used with appropriate 
experimentdl frames to generate performance 
measures for models (layouts) under consideration. 
Sirmlation output w i l l  be analyzed, and i f  
p~~&lems exis t ,  the l a m  w i l l  be edited and 
sirmilations w i l l  be re-run for a new lmdel. %is 
process is shown i n  Figure 5 and is explained in 
more detail below. 

A sirmilation run w i l l  be set up using the 
library of sirmilation tools and experimental 
frames. Prior to applying an experimental frame 
to a design mcdel, chech w i l l  be made to ensye 
data consistency and validity. lhis w i l l  requre 

knowledge about data that a rule base contavllng 
ranges, limits, etc. be invW. 'Ihe sirmilation 
run itself w i l l  be amstrained and channeled by 
design techniques and e x p r b e s  hilt into the 
FIXE. 

. .  
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Figure 5. PEE Design Cycle. 

sinailation results w i l l  be sieved by invoking 
a knowledge base of design expertise. SUA a 
-ledge base w i l l  have to be cms tn&& fman 
results of research into design techniques and by 
e l ic i t ing  information from literature and 
par+aging experts.. ?ri.s knowledge w i l l  sewe as a 
bas= for deterrmnvlg whether the results of 
sinulation studies are plausible or i f  they 
v i o l a t e  fundamental design performance 
expectations. If the results are not satisfying, 
the user w i l l  be able to use a scrat&-pd editor 
to modify the layout and its parsrmeters and re-run 
the simlation -inents. 

To select the best possible design given often 
conflicting objectives (e.g., "rm performane 
vs. law cost), p- IRlst be developed for 
ranking alternative design models with respect to 
a set of perfomaxe measures. T?XLS w i l l  be 
acccPlp?lished by h r p o r a t h g  in PEE trade-off 
p " s  that w i l l  enploy miltiple-criteria 
decision making methcds. 

T h i s  is a mxeptml f r " r k  in which K S E  
w i l l  offer design SUFport. In fllmaary, this w i l l  
be accaaplished by prwidirq "ism for 
selecting a model represatation given a design 
data base. selection process w i l l  be driven 
by design constraints and objectives expressed 
using production rules. M s  of designs w i l l  be 
evaluated i n  experimental frames using available 
sinnilation tools. A lawwledge base of design 
expertise w i l l  be invoked to evaluate sinnilation 
results. If  they violate fundamentdl design 

performance expectations, a nudel w i l l  be 
modified. 'Ihere w i l l  be facilities for selecting 
satisfying design solutions given mlt iple  design 
wormmce objectives. 

4. smmlry  

=E, as described in previ- sections, 
pmvides a user-friendly envu"mt for m i n g  
and sixdating the electrid charaderistics i n  
VrsIpackages. nleexpfrimmtal frame facilitates 
the evaluation of various package design mDdels. 
U s e r s  are able to efficiently sinulate several 
variations of an package design based 
o n v a r y i r q  inputs. m e r e s u l t s o f  these 
sinnilations are g-mphically displayed. 'Ibis 
allows the user  to easily make design choices 
based on the simulation results. 

P E E  w i l l  eventually be integrated w i t h  
ccarp?uter autgMted design (CAD) tools. It w i l l  
then be able to directly read htw"& layout 
information fman the tool netlists, analyze 
t h e i n p t f r a m t h e n e t l i s t , a n d g u i d e t h e u s e r t o  
inp?rared design choices. %ds prwvides a strong 
foundation for building -ledge-based tools to 
support the package design cycle merrtioned in 
Section 3. 
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