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Abstract

For the use in TCAD frameworks it is required to perform initial and
intermediate data manipulations in order to obtain complete simulation flows.
The following paper discusses an approach for an interactive and extensible
data editor for the VISTA TCAD framework that may as well be used in
automatic simulation flows. It can be configured and extended via an extension
language interface and is able to serve as an simple ersatz for the framework
shell.



1 Introduction

For simulaticn of semiconductor processes and de-
vices TOAD (Technology Computer Aided Dresign)
frameworks have become widely accepted.

Liually these [rameworks allow Lo use o couple ol
dillerent simulators, provide sarme dala inlerlaes, have
a graphical user interface, and ofler 3 conteol lor com-
ples Blmulation sequences,

Besides the main components of such a framework
like simulators, visualization, and a shell there iz need
Cor noo-simmulalion data processing. One is Lo guar-
antee = congstenl waler-stale of the simulation data
aller vach slep, which can be achivved by explicil in-
voralion of an approprate progeam (1], o nmplicitly
by a gerver-like data interface [2].

Vater-state level data processing demand arises for
comnfortable specification of mitial simulation data, and
to caleulate uncritical process steps in a simple way
instead of performing time consuming simulations, for
example directly applying a mask mstead of simulating
spin—on, llumination, and development, These tasks
sheuld ideally be possible user-contrelled as well as
automatically within a simulation flow.

2 Concept of a Wafer-State Data
Manipulator

The demands for a tool fulfilling the above men
tioned jobs ean be appreached from two sides, One is
the idea to alloswr arbiteary wafer-state level data ma-
nipnintions interactively. The user gets the ability to
*ronztruct® a new deviee or to perform modifications



oL a1 existing device stretire. Reatricted capabilities
ol eub—water-state changes for ropaira or 1ricks may be
clagired oo, )

The ollwr aspecl i bateh processing. Initial deviee
structures shemld be generated from scraleh with some
parameters, and more or lezs sitple operalions whould
ho performed on existing devices. The laller reguoires
the processing to be robust because the strocture of
the device might change for different simulation rns.
Ior example the deposition of a contact, depending un
the surface’s wertical position and its relief, is a non-
trivial geometric operation. To make the developer
tndependent of boilt-in models 2 comprehensive ex-
tenzion language s required for robust {("intelligent®}
golutions. " Comprehensive” means that not only some
geometric amd physical cotnmands be available, buat
alse clemnents for primidive caleulations, variahle han-
dling, data struetures like arcays and lists, and condi-
tional and locping constrocts

The graphical propertics afauch & ool are related to
claszical visualization tasks, hecanzs comboriable odil-
ing presumes displaying of the actual deviee. 10 may
theeefore well be considered fo extend Lhe frameworks
visualizer for these dutics.

2 The PIF Editor within the VISTA
Framework

The VISTA {Viennese Integrated System for ‘TOAD
Applications, [A]) framework uses a commaon daca for-
mat, the PIF {Profile [nterchange Format, [4]), that
is defined with a powerful syntaxy and i implemented
in kinary form offering random access. VISTA has
a graphical, X11 toclkit based user inderfacs. The
eode for tosl binding, the shell, the simmlation flow
contreller [f], and even its CASE (Computer Added
Seftware Enpineering) environment are progeamimed
in LISP.

[t allows fully anlomalized simuolation of complete
serniconductor peocesses and the resulling device
characteristics [€].

A tool to meet the above specified requirements has
been developed. Its nameis " PIF Editm™ (PED) be-
cause 1ts first intentlon has only besn interactive edit-
ing of PIIM data, Due to the use of a very specialized
peometric data format in the visnalization tool, it has
been designed as a new program,



The PIE editor 13 & progrem that allows interac-
Livie or hatch mode processing of PIF data, It has a
lial-orienled inderface to the wafer stnte database to
znable complicated operations. In interactive mode
restricted visualization and comfortable editing of the
device structure are possible. All featbures are acceasi-
ble from the integrated TISP interpreter and thus can
be uaed o command files and maceoa. e oser ioler-
face tows in suhjech to TISP-programming and eap be
r.nnﬂgllr'ml ardl exkended. The n]}ﬂil}' oy invokoe: wxber-
rial rorentalides ronnds ofl the PTF aditors charaeteris-
tics.

3.1 FIF Editor Sitructure

The different requirements are best met with a mod-
ular structure, The ferned of the PII" editor pravides
full secess to the PIF data and some high-level oper-
ations. It s implemented in C, but its funcfions can
b accessed from LISPE as well [E is Che only mol-
ule reguired for pure balch processing. Wilh adding
the view module Lhat projects and teansforms the PIE
data. depending on dimension and mode {geometriz,
physical, profile ete.) to aimple graphical dala, and
with a destec-module interpreting and diaplaying or
printing this graphical format, hardeopy eapability is
achicved.

With a windew—laszed and extended Jdewice aceept-
ing ard forwarding narr inferaction via the séew mod-
ule, aned s shell with comfortable command olementa
like rnenns, that embaeds the device — both modules
realivged for the X111 window system in the current im-
Plementation — and, last but not least, a state ma-
chine (the condred moduole) checking user input and
tHggering appropriate reactions, the PIF editor pets
[ull editing capabililies,

3.2 Data Processing

The PIF editor has a special funetional interface to
the PII database called CLS (C list suppaert), that
allows efficient random access to the device structure.
In contrast to the PAL (PIF application Layer), that
supporhs reading and weiting of arrays of points, lines
ate. [7], the CLE provides lists of pointa, lines ate., and,
e.g., the referances of a face to ita asurronnding lines are
organized as a8 list too. There exiat functions for list
processing like applying a finetion to cach element, to
find minimum or maximom or to aort liats, Each PIE
abjeet 15 identified by a handle which is, hidden from
the application, a pointer to a record that contains
data deacvibing the object and all its dependencies and
Lack—referanens.



PIF Database
. _ - ,f
|
CLS / PAI
l | |
kernel 1 view
I p—
control . device
,rF L !
X User-Interface

Figore 2: PIT Fditor Black Diagram

Thege object handles and the functions for inquir-
ing, creating, modilying, and deleting the objects are
available not enly in C but also in LIS allowing data
processing at extension language lovel.

The PIF editor's kernel has a couple of high level
functions, e.g. to penerate solids from a set of faces,
for gecenetry maodeling, or to find exposed boundaries

af & device,

3.3 External Executables

It 1w possible to invoke exbernal executables from
LISP via an operating system independent interface
{UNIX and VM35 are currently supported). This fea-
ture has been developed for the VISTA shell and the
VIMAKE (Vienna Make), but is very useful for the
PIT editor too, The common way is to write a LISF
funclion that aceepls Lhe arguments lor the program.
Thesa mav be checked and converted Lo Lexl, and with
a special LISP call accepting the program's name and
its options and parameters the run is started, Waiting
for the termination of the progeam or parallel contin-
uation of the session are possible.

Lspecially in combination with the later described
user interface these call Tunctions can be waed 1ike con-
ventional cade paris.



A typieal utilization of this festure iz invoralion ol &
grid generator. Interactively s eegment the grid shall
he delined on may be scelecled and the confignration
paramelers [or Lhe program can be tuned in o dialog
wirndow. The LISEP code inguires the FIF identification
of the segment (segment-lst name and indsx), flushes
the in—memory CLS data to disk to synchronize Lhe
file-based PITF, closes the PIT file Lo allow wricing by
the grid generator, snd invokes it with comenand line
parameters specifying the name of the PIF file, the seg-
ment, the grid’s name, and some special parameters.
After termnination the PIF editor reapens Lhe PIF file,
searches for the grid by its name, and displays it (see
Tig- 1),
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3.4 User Interface

In interactive mode the PIF editor activates an X11
window syslem interface, consisting of so1ne menms, a
drawing arca, a commatd line, mode infermation la-



Lgly, und temporary dialog windows. X11 evenls Lrig-
gered by the vser generally caose vocabion of call-
back functions, Sources of nser events are especially
meny selection, command line entering, monse pointer
movencol, moose bullon press, or fnishing a dislog
witidlow. In the first evaluation slage a O foncrden s
called. This canses the LIST interpreder Lo evaluate
a function veferenced in a certain place. Some data
charsctetiving the event are passed, e monze polnter
positicn, or 8o called clisnt—data that has been stoved
with the LISP functicn.

Evaluation of such a function may directly perforin
gome actlon if no further data has to be entered hy the
nger, or it aan generate and acnd a token Lo dhe infinite
atate machime [8).

Thia state machine ia confignred with a eonple of
mles. Fach mile specifies a valid sequence of token
f¥pes. When a token matches the expectations of the
rule, its data is skored on 8 slack. After accepting Lhe
last token for a cule, an appropriate function s invoked

which has access Lo the daka on Lhe stack.

A rule may specify other rules to be applied Instead
of requiring some Loken. [n ihis caze the resule of such
a subrule is wsed in place of a coken’s data. The result
of a rule is the result of the functicn called on its ter-
mination, This nesting mechanism may he exploitod
to unbimited depth

In many cases the state machine has do aclect s of
many different subrules depending on Lhe dype af the
areiving token.

The processing advance of the state machine's cue-
rent rule determines the mode of the PTE editors usce
interfece, which conaista af the functions and data stored
for evaluation on moose hntton preas; the mode title
aml minese bulton help texts, the sorser appearance,
the temporary tnonse-position dependent drawing, and
popping up or down of dislog shells,

The rulss of the stale maching are specificd w LIS
and may be supplied during startup as woll as rookime.



3.5 Extensions

All nser interface setup and control is programmed
i LISIY. Generation of menu enlries, specification of
giate machine rules, help texts, reactions to mouse
mevement ete. are open te LISP programming. In
combinatinm with Lhe daka processing features it is pos-
gible ta implement complate new functions and editing
mades to meet, special requirements without recompil-
i the prograrm,

It is possible to configure the FIF editor for a spe-
cial purpose, .8 Lo generats device structures for use
h:,f che deviee simulator MINIMOS [Q] When all spe-
cialized funationa, made apecifications ele. are placed
in one file, this can be seen as a "style fila®™. A col
laction of ench style files allows the wser to load only
the currently required style(s) preventing a confusing
overload of Lhe vser interface, Bven the generation of
prarscnal slyles in possille,

Ul speed of mlerpreled LISE i suilicient lor con-
figuration and control purposes. CPU-inlenszive oper-
ations like sea,:rn:]ling or numerical Lransformalions wre

implemented in C. Binding © funelions Lo Che LESE in-
terpreter is supporlbed by a highly antomatieed mech-
anism in the developing enviconimenl.

4.8 Three—Dimensional Approach

The FIF editor aupports one, Lwo—, and Lhoee—dinen-
sional devies pecimetries, While the properties of the
delanlt meede restrict geormetric operations to manipu-
lation of simple elemenls ke pointz, lies or faces with
respect Lo Uheir environmend, i is straightforward to
develop a mode [or objzoly of & lagher somantic level.
In Lhis mode some basic oljocl Lypes can be specified
in a textual way and the resulting device can be dis-
playtd immediately, This is especially nseful for three-
dimensional applications where the mouse pointer po-
sition defined by only two coordinates 15 not unigue,
and parts of the device are hidden and cannot directlyr
b acerssed.

3.7 Programming Example

IFig. 4 shows how a simple function contact for ap-
plving a rectangular contact can be programmed, It



expecta parametera for posifion, szize, material, and
viltage for later device simulation. Then it creates a
rectanpular face of the given material. In the exarnple
two econtacts are generated using the new function.

Fig. 5 showa the interactive ntilization of the abowve
function. To simplify the example the material is hard-
eoded to ¥ A, A rule "Al-centact” for the state ma-
chine is defined that allews (Bt doca not fores) the
uzar to specify the position of the centact with the
mongs. Then the state machine expeets aosceomd eo-
ardinake pair to yicld the size of Lhe rectangle, In this
phase monse mevement canaes temporary deawing of
the expected shape by antomaticly imveking the fone-
ticn ped: telastic—contact, Fig. J.

The last missing component Iz the contach volfage.
A dialog window prompts the user for a real number,
- the imonse buctons sre configured to the nwsl eom-
mon values, ¥When all input is provided the funetion
contact 15 invoked and undertalkes the creation of the
contact with permanent drawing.

Zeneration of a memn entry and heooking the new
rule to the main state make the example complete.
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[defun contact
[fbaza xnad width hedlght mat voltags
Laur pointl point? pointd peintd
zogmamti eagdescl nettypsl centwalti)

(eatn pedinti (peint (-~ rmid {/ width 2)) yhaga))
(eatyg peints (point O+ rmid / width 2)) ybaese])
fe@atq peint3 (poinmt (+ mid {/ width 2)) {+ ybase height)}]
(zatq.peintd (poimt (- rmid {f width 2)) (+ ybase height)}]

(=atq segnentl
(sagment {face [list
(line pointl polntz)
(line point? pointd)
(line pointd pointd)
{line pointd painti}ld})
{sety sogdescl  (attribute ODIL "EegmentOescriptlon segmentl))
{attribnte segdesci “MaterialTypa" =zagmantl mat)
(attribnte eegdeeci “ContactVoltege" sagmantl voltaga
umit V)

{comtact 0.0 -1.0 0.1 G.05 "AL" @.0)
{comgact 0.0 1.0 O.1 G685 "Al" 340

TFigurc 4: EBxampls o o Data Processing Puncticn
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4 Conclusion

The PIF wditor v a fexilble and comforiable data
rII.'-t.r!jE}lJli;l.Li.Ur] tool it the YISTA framework., It may
Play wn hogportant rele within simulation flows, like
milial dala crealion.  Nomay be confipured ov pro-
grammed wilth ISP for a wide range of purpeses. It
gives access to the PIF database in 1, 2, and 3 dimen-
sions, and allows invocation of other tools. In interas-

tiver thade it provides o comfortable user inferfaee and
supports the enginesr in many wassa
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