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RUMEN! KARTON

Urednidtvo dasopisa "Iskra", ki je od letos "neodvisen” iskrin Casopis, je napisalo v svoji 4.
Stevilki:

"Tisto,kar resni¢no ogroZa vas in nas éasopis pa je mentaliteta nekaterih nasih direktorjev,
ki menijo, da si ga (oni?) ne morejo privosciti (117)."

V nadaljevanju pa:

"Demagoski direktorji, ki svoje zaposlene lazno zavajajo, da si glasila "ne morejo privosciti”
tvegajo ugotovitev - ¢e si ga namre¢ zares ne morejo privoéciti, da so svoja podjetja Ze

X

pripeljali tako dale¢, da si tudi ta ne morejo vec¢ "privo$cCiti” tak$nih direktorjev".
Verjetno se spradujete kaksno zvezo ima ta citat z drustvom MIDEM?

Iskra, oziroma razna njena podjetia so v preteklosti mocno podpirala delovanje drustva
MIDEM. Razumevanje iskrinih direktorjev, ki so financno (pa Ceprav z relativno majhnimi
posameznimi zneski) pomagali drustvu, je omogocilo redno izhajanje nasega casopisa, Ki
ga imate letos Cetrtic v svojih rokah. Tokrat ne po zaslugi teh direktorjev!

Letos dasopis financiramo v veliki meri s financno uspesnimi posvetovanji. Mnogi Slani so
opazili, nekateri pa kar cutili skoraj neusmilieno strogost ob registraciji na posvetih.

Lista sponzorjev na zadnji strani ¢asopisa je sicer $e precej dolga, vendar so Ze redka
podjetja, ki so asopis resnicno tudi sofinancirala. Tem velja zahvala, direktorjem podjetij, ki
so "pozabili” ha sponzorstvo pa moramo podobno, Kot je naredilo urednistvo Casopisa
“Iskra", dvigniti rumeni karton.

Rumeni karton zasluZzijo tudi tisti nasi ¢lani, v stroki pomembne osebnosti izven Slovenije,
ki Ze nekaj let kljub pogostim dogovorom $e niso uredili v svojem okolju formalno priznanje
nasemu éasopisu kot osrednji jugoslovanski reviji s podrocja delovanja drustva, kar de facto
tudi je. .

Slovenska raziskovalna skupnost Ze nekaj let sofinancira ¢asopis, vendar z minimalnimi
moZnimi sredstvi (v letu 1990 vsega 12.000 din, kar je pribliZzno strosek ene Cetrtine ene
stevilke). Ze nekajkrat smo zaprosili za povisanje dodeljenih sredstev, vendar brezuspesno.
Letos smo ugotovili, da smo bili delezni "pomodi” spostovanega ¢lana nasega lzvrsnega
odbora. Njegovo mnenje, da je osrednja revija za mikroelektroniko Elektrotehniski Vestnik,
pa zato naj bi Raziskovalna skupnost eventuelna dodatna sredstva namenila temu casopisu
(nekako citirano iz zapisnika) je komisija za dodelitev sredstev tudi sprejela in MIDEM je
ostal praznih rok.

Naj pokazemo temu kolegu rumeni, ali pa kar rdeci karton?

Upajmo, da bomo v naslednjem letu deleZni ¢im manj tak$nih "pomoci”, da bomo kot vsa
leta doslej uspeli zadrZati med posameznimi ¢lani pa eprav v konkurencnih podjetjih,
korekten, kolegialen odnos, ki je vedno krasil profesionalnost strokovnjakov na nasem
podrodju. Kvaliteto dasopisa Zelimo Se izboljsati in izpeljati predvidena posvetovanyja.

To so Zelje za nas, vam, ki praznujete boZi¢ Zelimo vesela verska in druZinska praznovanja,
vsem pa sre¢no novo leto in veliko delovnih uspehov skozivso 1991 leto.

Predsednik drustva MIDEM

Doddt

184
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IMPACT OF THE NON-DEGENERATE GATE EFFECT ON THE
PERFORMANCE OF SUBMICRON MOS-DEVICES

Predrag Habas and Siegfried Selberherr

KEY WORDS: MOS-device, numerical simulation, implanted gate, non- degenerate gate

ABSTRACT: In order to analyze implanted polysilicon-gate devices our simulator MINI-MOS has been extended to solve the basic semiconductor
equations also in the poly-gate area self- consistently. Heavy doping effects in the gate have been taken into account. The impact of the activated
impurity concentration in the gate near the oxide and the charge at the gate / oxide interface on the perfermance of deep submicron (thin oxide)

MOSFETs is studied by means of numerical simulation.

VPLIV NEDEGENERIRANE KRMILNE ELEKTRODENA
DELOVANJE SUBMIKRONSKIH MOS TRANZISTORJEV

KLJUCNE BESEDE: MOS tranzistor, numericna simulacija, implantirana krmilna elektroda, nedegenerirana krmilna elektroda

POVZETEK: MINI-MOS simulator smo razsirili na re§evanje osnovnih polprevodnih enadb v podro&ju same polisilicijeve krmilne elektrode s &imer
smo omogodili analizo tranzistorjev s krmilno elektrodo dopirano z implantacijo. Pri razéiritvi smo upostevali efekte mocénega dopiranja v krmilni
elektrodi. Znumeriéno simulacijo smo $tudirali vpliv aktiviranih dopantov v elektrodi blizu oksida in vpliv naboja na meji elektroda / oksid na delovanje

submikronskih MOSFET tranzistorjev s tankim krmilnim oksidom.

1. Introduction

fmplanted gate MOS-devices have become common in
submicron technologies. Usually, N-gates are used in
N-channel and P-gates in P-channel devices!"" > ¥, Due
to the segregation of phosphorus and arsenic at grain
boundaries in polysilicon™, the activation of the im-
purities in N-gates can be very low after annealing
{which depends on the technological Process e.g. type
ofimpurity, grain size, annealing cycle'®). In P-gates the
chemical concentration at 1 — 2 - 10'%m in polysilicon
for TaSiz/polysilicon gate structures has been reported
in®. Moreover, the temperature for the annealing of
P-gates gas to be limited (in order to avoid the boron
penetration'”. In spite of the absence of the boron
segregation at grain boundaries!¥, the final activated
impurity concentration in P-gates can be low, too.

A shift of the high-frequency C-V curve!" as well as the
degradation of (the inversion part of) the quasi-static C-V
curve®® has been experimentally observed in implan-
ted poly-gate devices. The latter effect suggests a re-

duction of the drain current of implanted gate devices in

comparison with their degenerate-gate counterparts.
Consequently, the driving capabilities of devices and the
speed of circuits are reduced. These experimental find-
ings have been related to a non-degenerate position of
the Fermi level in poly-gate and depletion in the poly-
gate due to the penetration of the electric field into the
gate. An additional severe effect in P-gates is boron
penetration'”). The implanted poly-gate can no longer be
assumed an aquipotential area, especially in modeling

185

of thin oxide devices. An analytical model of thin oxide
devices, which accounts for the potential drop in poly-
gate, has been presented elsewherg!(® and s references)
In this paper, the numerical modeling of the poly-gate
effect is presented, and this enables us to account for
realistic doping profiles and 2D effects in submicron
devices.

2. Physical model

The simulator MINIMOS 5 has been extended to solve
self- consistently the basic semi-conductor equations
also in the poly- gate area (including fully non-planar
devices). Poisson’s eqution is solved in the total simu-
lation area (from y. until yg - Fig.1.).

[22; -

Figure 1:  Simulation area

For the continuity equations two approaches have been
implemented®. In the first one, both discretized conti-
nuity equations are solved in the poly-gate simulta-
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neously with the bulk area (from yg until ys - Fig.1.). This
approach is interesting for the transient simulation, how-
ever a proper modeling of mobility and generation-rec-
ombination phenomena in polysilicon (e.g. grain bound-
ary recombination) is necessary. We restrict ourselves
to steady-state condition in this paper. The poly-gate, is
then in thermodynamic equilibrium (net recombination
vanishes and leakage currents are negligible). Aunique
and constant Fermi level exists in the poly gate, which
enables the carrier concentrations to be calculated ana-
lytically as a function of the local potential . In such an
approach the discretization error of the continuity equa-
tion (specially at the non-planar gate/oxide interface -
Fig.1) is avoided. This approach permits that band gap
narrowing and Fermi-Dirac statistics can be implemen-
ted in a simpler way than in the first. A rigid-parabolic-
band model is assumed to hold at the doping concen-
trations of interest. It follows then

W gt O+ §Ec— SEce}

n (\P) = ch:‘/g {

z

POTENTIR
EACS

= %
T e 3

e
R

LOG(ELECTRONS)

20

8

76

7%

Ur

where Ng, Ny are the effective density of states for
conduction and valence band, and 8k, 8Ev are the local
shift of the conduction and valence band due 1o band
gap narrowing. The index G denotes the quantities at
the gate/polysilcon contact {ys at Fig.1.). It holds

Die + D=~ (Ego - DEqa),

p (\P) _ NVE/Z {\}}G - ¥+ (bvf+ SEV—‘ SEvG}

where Egois the idealband gap, and 6Eg is the total band
gap narrowing. The quantities @i and v can be calcu-
lated by

Oro= UrFia ( Nga/ N ),

Dyr= UrFih ( Nga/ Ny)

for N-type and P-type gates, respectively. Ng is the
activated impurity concentration in the gate. The neutral
majority carrier concentration (which equals the acti-
vated impurity concentrarion) is assumed at the gate

BN NN S
ANG RALE™

S

“

Figure 2: Potential, field, electron and hole distributions. N-gate / N-channel device: tox = 5nm, L = 0.25um, Ng = 1 0"%m

Ups=2V, Ugs =2V
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contact (usually silicide/polysilicon). The top gate poten-
tial with respect to the Fermi level in the source (bound-
ary condition) is given by

Yo=Pr—0Fcc+ Ugs+ (Eco— Eiv )

where Ugs is the terminal voltage and Eco, Eio denote
the conduction band edge and the intrinsic level in the
ideal silicon band. The previous equations account pro-
perly for a position dependent band gap narrowing, and
ensure that the potential W is continuous in the total
simulation area (from y. until ys - Fig.1). The Fermi
integral F12 and its inverse can be calculated both accur-
ately and eﬁrcrently by analytical approxrmatrons

The strong influence of the charge at the polysilicon
/oxide interface on the field penetration into the gate, and
therefore on the flat-band and threshold voltage, gas
been demonstrated by a 1-D analytical model in refer-
ence 8. There is not much information about the nature
of this charge in the literature. Since the polysilicon is
deposited over oxide, it is believed that the gate/oxide
interface is worse than the interface between thermally
grown oxide and bulk-silicon. A positive total interface
charge of order = 10"%cm has been obtained experi-
mentally in"". The acceptor type interface traps have
been speculated in?, and fixed charge, traps and
Fole layer gave been proposed for heavy doped gates
We have incorporated fixed oxide and interface
trapped charge (with both donor and acceptor nature) in
our simulations. The traps at the grain boundaries in the
polysilicon have not been taken into account in the
present model. If the doping is several times higher than
the equivalent volume trap density in polysilicon Nwol
(surface trap density at grain boundary/grain size), the
trapped charge is negligible compared to the space
sharge due to impurity ions. A value Ntyo ~ 10‘8cm has
been reported for small grain size polysilicon((14 and its
references) Note that no accurate experimental data are
avai!able about the grain size in gates within the first few
extrinsic Debye length {(max = 30nm) from the oxide.

3. Some results and discussion

The impact of the poly-gate depletion on the charac-
teristics of thin oxide submicron MOSFETs is discussed
next. Quarter-um planar devices are analyzed. The
devices have 5nm oxide thickness, threshold voltage
+0.25V, and are designed for room temperature oper-
ation. Multiple implanted source/drain profiles (Fig.1)
are reconstructed from the data in literature(®¢-(1:5.15:16)
For the P-gate device we assume that there is not boron
penetration. Fig. 2 shows the distribution of the potential,
field and electron and hole concentrations in the gate of
the N-channel/N- gate device. Dueto thinoxide, medium
jonized impurity concentration at the gate/oxide inter-
face (10"°cm™®) and high gate bias (2V), a remarkable
potential drop occurs in the gate. The gate-drive is
reduced about 20% at the source channel-end. Note that
for this device the inversion in the poly-gate takes place
(beginning at the source channel-end) at Ugs = 3.7V,

187

leading to the recovery of the transconductance (ex-
perimental finding in@ ) The inversion in the poly-gate
produces a recovery of the qéuasistatic C-V curve, too
(obtamed experimentally in' and calculated analyti-
cally in{ )

The threshold voltage and the potential drop in poly-gate
at the threshold versus ionized impurity concentration
near the gate/oxide interface Ng are shown for the
P-gate/P-channel device in Fig.3. The charge at the
gate/oxide interface Qgo (here assumed as fixed) has a
strong influnce on the voltage drop in the poly-gate and
therefore on the threshold voltage. Assuming Qgo t0 be
a positive charge, the voltage drop in the gate is in-
creased for a P-gate/P-channel device, while in a N-
gate/N- channel device a positive Qgo has a screening
effect.

<
™

i
—

o2 f o

—03F
: Qaole ({‘771*2)
D D)
-yl

- 45101

threshold voltage (V) and potential drop in gate (V)

- - 4101
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¥ L == 0.25pn
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1018 101 1920
- activated impurity concentration (cnfs)

Figure 3:  Threshold voltage of P-gate/P-channel device.

Parameter Qqo Is fixed charge density at gate /
oxide interface.

The fall-off of the drain current in the saturation region
with Ng as parameter is shown in Fig.4. For common
values Qgo has a minor influence, and Ng is the main
parameter in determination of the drain current degra-
dation. In order to suppress totally the reduction of the
gate drive, the activated impurity concentration near the
gate/oxide interface must be at least 4 - 10'° cm’ Sforthe
anhalyzed 5nm-oxide devices.

The relative ratio of the effective and the terminal gate-
source voltage is given roughly by (assuming solely
depletion in the gate)

2
1+ V1 + 2e2xUss/ (6 € pgtoxNg )

where eox anll epg are the permittivities in oxide and
polysilicon- gate, respectively. Applying different scaling
rules on tox and Ugs the poly-gate effect becomes more
or less severe by miniaturization. E.g., for the device at
Fig.4 the reduction of the current at the gate and drain
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Figure 4:  Transfer characteristics in the saturation for
P-gate/P- channel device. The absolute values
are shown.

supply voltage of - 2V is 20% at Ng = 10"%cm™®, while for
asimulated 10nm-oxide (0.5um) device the correspond-
ing reduction was 12% at -5V. Note that the recent
development shows a tendency to reduce the oxide
thickness under the established 5nm limit, but to keep
the supply voltage high: a 3.5nm-oxide subquaner-um
CMOS technology with 2V supply has recently been
presented in'*® (compared to 5nm-oxide quarter-um
device with 1V supply discussed in!'®).
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TWO-DIMENSIONAL MODELING OF REVERSE BIASED
PN STRUCTURES

Dejan Krizaj, Slavko Amon

KEY WORDS: semiconductor devices, 2D modeling, pn structure termination, numerical modeling, computer aided modeling, computer program

ABSTRACT: The paper presents a program for two-dimensional modeling of reverse biased pn structures. The analysis is simplified with zero-current
approximation that allows solving the Poisson equation only. Breakdown voltage is calculated with the iondzation integral. The program includes the

possibility of guard-ring and field-plate junction termination modeling.

MODELIRANJE ZAPORNIH LASNOSTI PN STRUKTUR

KLJUCNE BESEDE: polprevodnigki elementi, 2D modeliranje, zakljugitve pn spojev, numeriéno modeliranje, ratunalnisko modeliranje, ratunalniski

program

VSEBINA: V delu je opisan program za dvodimenzionalno modeliranje zapornih lastnosti pn struktur. Analiza je zato poenostavijena z uvedbo
aproksimacije nicelnega toka, kar omogoca re$evanje samo Poissonove enacbe, prebojne napetosti pa so dologene z resitvijo integrala ionizacije.
Program omogoca poleg simulacij pn struktur tudi modeliranje zakljucitvenih tehnik pn spoja z zas¢&itnim obrogem (guard-ring) ali s kontaktom preko

oksida (field-plate).
Glossary of symbols:

electric potential

Laplace operator
elementary charge
permittivity

free electron concentration
free hole concentration

net doping concentration

ni intrinsic carrier concentration

on, ¢p  electron and hole quasifermi potential
Ut thermal voltage
h,k lateral and vertical distance between two

mesh points

1. INTRODUCTION

The limitations of analytical semiconductor device mo-
deling have led to numerical modeling with the use of
computers. The growing speed and affordability of com-
puters has made computer aided device modeling ac-
cessible to a wide spectrum of users.

The system of three semiconductor equations (Pois-
son’s and two continuity eq.) that needs to be solved can
be very large. For example, on a mesh of 100x100
points, 3x10000 mutually dependent nonlinear equa-
tions need to be solved. Inthe matrix notation A.x=b the
matrix A has 30000 rows and columns. Solving such a
system of equations is time consuming and numerically
exacting and therefore still an interesting problem not
only for reserachers in microelectronics area but also for
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mathematicians, physics and computer experts. Some-
times we are interested in physical and electrical proper-
ties of precisely determined structures and we do not
need a general sophisticated program that would be
capable of arbitrary semiconductor device modeling. In
this case some admissible simplifications can be made
such as neglecting minority carriers in MOS structure
analysis or solving only Poisson equation for reverse
biased structure modeling. The last method is most
suitable for planar junction breakdown modeling be-
cause otherwise (taking into account all three semicon-
ductor equations) the system of three equations is
strongly coupled. Therefore more complicated solution
algorithms are needed.

The program developed in the Laboratory for Semicon-
ductor Devices at the Faculty of Electrical and Computer
Engineering in Ljubljana allows various types of two
dimensional (2D) reverse biased planar structure mode-
ling. If we solve only the Poisson equation, the break-
down properties should be determined through the ioni-
zation integral calculation.

2. NUMERICAL MODELING OF REVERSE BIASED
JUNCTIONS

Assuming there is no current flow through the reverse
biased structure (zero current approximation) the sys-
tem of three semiconductor equations.can be reduced
to only one - Poisson equation

Aw:g-(n~p~0) (1)
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Besides it is possible to neglect electron and hole con-
centrations in the depletion layer, but in this case, de-
pletion layer edges should be determined iteratively’?.
The following approach, used also in our program, is to
consider quasifermi potentials constant through the en-
tire structure and to express free carrier concentrations
as a function of varying potential and constant quasifer-
mi potential

Y~ On
Ut

(2)

n=ni-e

Pp— VY
U

p=ni-e (3)
There are many ways to solve the discretized system of
equations involved. The most common are Newton’s
method or some kind of relaxation method (SOR). Inour
approach, equation (1) is locally linearized and the re-
sulting system is solved with the Gauss-Seidel relaxa-
tion (or over relaxation) method. Since we perform re-
laxation on a linearized system of equations the method
can be named Gauss-Seidel-Newton relaxation. The
potential value in point i in the next iteration step .1 is
(in program code these equations are scaled)

A K
Wik FiiyT)
Wi =i (4)
’ ! Fij )
where {5)
Kk q vl — on -Vl
Fijw') = Ayij-—- {ni-e 'ju[ — nj- e ~b—= " - ¢
and (6)

K K
Sk =) 2 (g D Vij=on  Op= Vi
Fiiw™) = {h2+k2} e U le o

A\yffj is approximated on a rectangle grid (fig.1) by the
5-point finite difference equation

n
0. .
1,)+1
fed @‘ . fol
i—1.,j 1,] i+1,]
&
1,j—1

]

[

Fig. 1: Numbering of points on a rectangular grid
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(7)

A= 1 Wit + it} 2.2 \U"+1 Rt + yips |
L= H1, R o Wi, o iV, 5 ]

i 77’2 J J/ h2 k2 J k2 Wi S

To reduce further the solution time i.e. time needed to
solve the system of eguations to predetermined accu-
racy, the multigrid method™ is applied.

The program written in Pascal is basically developed for
PC AT computers but with minor changes it can be
transferred to VAX computers (not the graphics). For
easier handling, menu items are used (fig.2) and an
additionaliteration menu (fig.3) allows control over inter-
mediate results (specially important in the development
stage). Representation of the results can be graphical
(3D graphs or equipotential,field,.., lines) or numerical
(tables). The program computes potential values in
mesh points. Besides, electrical field, electron and hole
concenirations, charge density and ionization integral
can be evaluated. The doping profile can be abrupt,
linear or defined with a gaussian or erfc function with
optional radius of curvature (lateral diffusion).

[
huto optlons 5

30 Graph b |

BanbPlot

Utew ¥

Ulew fNrray

€ Tab Uley

3D Grayh Dup

3D Graph Kfp §

el. denstty [
i hoo density ‘

charge density

Print array “

Fig. 2: Main menu jtems

= Leved Windou
u21212121212121

Exerut ion-Uindouw
Max, delta: 2,341E+0884 i point: 25 8

Horn:  1.191E-8884 Norm F: 3.831E-8881
Lex_to_T0P G_S relaxation on level 2 taking from 8 writing to B
Hax. delta: 1,230E+8088 in point: 24 9

Horn: 8.825E-888% Morn F: 4.715E-8682

veighted Restriction from level 2 to level 1

s = 1.392E+6088

Lex_to TOP G_S relaxation on fevel 1 taking from 4 writing to 4
fax, delta® -7.424E-8881 in polnt: 12 7

Horn:  4,251E-8885 Hora F: 2.150E-B886

Lex_to TOP G_S relaxation on level 1 taking from 4 uriting to 4
Hax, delta: -6,133E-8881 in polnt: 12 7

Horm:  4.089E-8885 tHorm F! 3.346E-B886

Lex_ to T0P G_S relaxation on level 1 taking from 4 uriting to 4
Max. delta: -7.B829E-8081 in point’ 1 6

torn:  5,294E-8885  Norm F: 4,559E-8886

Lex_t0_I0P G_S relaxation on level 1 taking from 4 writing to 4

Bioupr execution ! Faster execubion ! Uait ! Trace ! Exit

Fig. 3: lteration menu

3. MODELING EXAMPLES

As an modeling example p™n structure with substrate
concentration 5.10"cm™®, gaussian doping profile with
surface concentration 2.10'%m™, junction depth 8um
and lateral diffusion 70% of the vertical one, is analyzed
(fig.4). For reverse bias 208V (breakdown voltage ob-



D. Krizaj, S. Amon: Two-Dimensional Modeling of Reverse
Biaséd PN Structures

Informacije MIDEM 20(1990)4, str. 189-192

tained with ionization parameters from’™) the potential

and field distributions are shown in fig. 5 and 6 respec-
tively. Breakdown is a consequence of the high electric
field at the junction curvature (field crowding effect).
Spreading the depletion layer laterally would reduce the
junction curvature effect and thus raise the breakdown
voltage. This can be achieved with various junction

“termination techniques among which guard-ring and
field-plate are the most common ones.

The next example is a guard-ring structure (fig.7) where
the ring potential is floating (not fixed) and depends on
the applied reverse voltage. Reverse current flow into
the ring needs to come out (of the ring) at one point and
there the ring should be slightly forward biased®. Ac-
cording to this, the quasifermipotential of the ring should
be iteratively changed until the upper conditions are met.

Dopiranje i} [en-31,

Fig. 4. Doping profile of a simulated p*n structure

200 .
200

1o

Potencial V]

Fig. 5: Potential distribution of a simulated p™n structure

El. Polje (U/cm]

Fig. 6:

. % lunl

Field distribution of a simulated p*n structure
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For the guard-ring structure with a 10um distance be-
tween ring and contact junction the calculated potential
and field distribution are shown in fig. 8 and @ respec-
tively.

Further development of the program demonstrated also
a possibility to model field-plate (FP) structure (fig.10)
without solving the Laplace equation in the oxide. As an
example FP structure simulation with substrate concen- .
tration5.10"“cm, junction depth 15um, oxide thickness
2.6um and the FP edge at 51.75um was performed.
Resulting potential and field distributions are shown in
fig. 11 and 12.

Vrev

ov

Potencial [V}

o T AN AR WO A s "“
SLLLOY Retre: =
\“‘\““‘\‘\““““‘\‘\‘\“‘\‘\‘“‘\‘:\“‘;‘\“:“:“3‘:{‘0 e
S OSSSSSisS
CSORKESE

B \\\“\\\‘\\\\\%
L S
aganes AN S 0%
S

T T T T 1
a 15 30 as 68!

Fig. 8: Potential distribution of a simulated guard ring

structure

El. polje [Urcml

% [pml

Fig. 9: Field distribution of a simulated guard ring

structure
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semicond.!

oxice

cmoient

Fig. 10:  Field-plate structure

4. CONCLUSIONS

Inthe paper a possibility of reverse biased semiconduc-
tor structure simulation with solving Poisson equation
only is demonstrated.. The program written for this pur-
pose is capable of 2D planar structure breakdown mode-
ling and modeling of guard-ring and field-plate junction
termination techniques.

Some basic advantages and deficiencies of the resulting
program are :

a.) advantages: - reduced number of equations by a
factor of three - reduced convergence problems - re-
duced time consumption due to multigrid method -
modeling runs also on a PC AT computer - menu-items
for easier handling - 2D, 3D and tabellary result presen-
tation - possibility of intermediate result and iteration
control - guard-ring and field-plate termination modeling

b.) deficiencies: - simplified physical model - maximum
49x49 mesh points (for PC AT, only) - limitation to
reverse biased structures - lack of current analysis due
to zero current approximation - rectangular structure
simulation only

Some more details on the program can be found else-
where/s"¥,
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MODELIRANJE MOSFET TRANZISTORJEV ZA PROGRAM SPICE

F. Mihali¢, M. Milanovié, K. Jezernik

KLJUCNE BESEDE: moé&nostni stiskalni tranzistorji, MOSFET, ratunalnisko modeliranje, simulacija, simulacijski program, SPICE, algoritmi

POVZETEK: Prikazali bomo postopek izraduna bistvenih karakteristiénih parametrov za model MOSFET tranzistorja. Na podlagi statiénih
karakteristik in ostalih podatkov iz kataloga izratunamo potrebne podatke. Tako doblien model uporabimo v simulacijskem programu SPICE.

Rezultate na koncu primerjamo s tistimi iz kataloga.

MODELLING MOSFET TRANSISTORS WITH SPICE PROGRAM

KEY WORDS: switching power transistors, MOSFET, computer aided modeling, simulation, simulation program, SPICE, algorithms

ABSTRACT: The algorithm for the calculation of the important characteristic parameters of the MOSFET transistor model is described. With help
of the parameters from data sheet the needed pieces of the informations are found out. Such a model is used in the simulation program SPICE.

The results are compared and verified with those from data sheet.

1. UVOD

Mocénostni MOSFET tranzistorji nam poenostavljajo
gradnjo elektronskih vezij, saj so to napetostno krmiljeni
elementi in zahtevajo zelo majhen konstanten tok iz
krmilnega vezja. Preklopni ¢asi so krajsdi od 100ns, kar
pomeni zelo nizke stikalne izgube. Za razliko od bipolar-
nih tranzistorjev nimajo drugega preboja nosilcev (sec-
ond breakdown), pa tudi temperaturna stabilnost oja-
¢enja in ¢asovnih odzivov je izredna. -

Simulacijski program SPICE je primeren in uporaben za
simulacijo in analizo elektronskih vezij. Ker pa je pripa-
dajoca knjiznica elementov zelo skopa, kaze naslednji
prispevek postopek izraCtuna pomembnih parametrov
za model MOSFET tranzistorja.

2. MODEL MOSFET TRANZISTORJA

Stati¢no prevodno karakteristiko modela MOSFET-a v
grobem dologata nelinearni tokovni vir Ip in parazitna
upornost izvora, RS. Razlikujemo tri razli¢na podrocja
delovanja. Modelne enacbe za tokovni vir Ip in pogoiji
delovanja v vsakem podrocju so nasledniji:

[. Podrocje odkloplienosti (Cutoff Region):

Viess VrinV'’ap < Vr:
Ip=20

I1. Ohmsko podrocje (Ohmic Region):
Vigsz VrinV'epz Vr:

Vl
Ip=KpV'ps{(V’'as— V) - 2DS

b (1+AVps)(2)
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Slika 1: SPICE model MOSFET-a.

. Podrocje nasiCenja (Pinch off Region):
Vigs= VrinViep< Vr:

K )
/D=?P(V’Gs-- V)2 (1+ AV ps)

Kjer so:

VT - pragovna napetost

Kp - parameter transkonduktance

A - modulacijski parameter dolzine kanala

V sploSnem je pragovna napetost V1 funkcija napetosti
Ves. Za HEXFET tranzistorje to ne velja dokler je Vps =
0.

V prvem podrocju delovanja (Vps > 0) veljalp + lep=Is
+ I's kar znaga 10" A za tipicen HEXFET. Dokler je ta
tok zanemarljivo majhen, je upor RL na sliki 1 dimen-
zioniran tako, da prevaja koncen izklopnitok v FET-u. V
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drugem in tretjem podrodju je tok skozi RL zanemarljiv
v primerjavi s tokom Ip.

Parazitna upornost RS na sliki 1 ima pomembno viogo
v modelu moénostnih MOSFET-ov: povratna upornost
tezi k linearizaciji karakteristike ponora pri visokih to-
kovih.

Vsota parazitnih upornosti RD in RS je spodnja meja
najnizje vklopne upornosti FET-a. Vklopna upornost se
pribliza tej limiti, ko gre Vas = . Ce izlo¢imo diodo
substrata, je njegova upornost v inverznem podroéju
zajeta v RD. Skratka, nemogoce je izbrati upornost RD
tako, da bi ohranili dobre razmere v obeh smereh pre-
vajanja: prevodniininverzni. Z zunanjo diodo je inverzna
upornost substrata = RS’, ob pogoju, da je RS’ << RD -
kar pa velja za tipiéne HEXFET tranzistorje. Ce izloCimo
upornost substrata RS’, opisuje karakteristiko zunanje
diode enacba (4):

V'/0026 N _ 4 ) (4)
kjer je I's = tok nasi¢enja inverzne diode = 107" in N=1,
Enacba, ki opisuje tok skozivgrajeno diodo - Igp se glasi:

Vsp/0.026 _ 4 )

I'p=1's(€

Isp=1Is(¢€

Ta komponenta postane z zunanjo diodo odvelna. Ker
pa je ne moremo popoinoma izloCiti iz modela, minimi-
ziramo njen vpliv z izbiro toka Is << I's.

Prazitna upornost vrat RG nima vpliva na stati¢ne last-
nosti elementa, dolo¢a pa spodnjo mejo hitrosti polnjen-
ja in praznjenja parazitnih kapacitivhosti elementa.
Skratka, ima pomembno viogo pri dolo¢anju vkiopne in
izklopne zakasnitve.

Kapacitivnost med vrati in kanalom predstavimo z dve-
ma delnima kapacitivhostima: CGSO in CGDO. V
SPICE modelu sta obe kapacitivnosti izbrani konstantni.
Kapacitivhost spoja med ponorom in substratom - CDS
je podana z:

B CBD
(1+ Vps/PB )1/2

CcDS (5)
Pritem je:

CBD = vrednost CDS pri Vps =0 in

PB = potencial spoja=1 V.

2.1. ZRACUN PARAMETROV MODELA MOSFET -a

Ogledali si bomo izraCun bistvenih parametrov SPICE
modela za moc¢nostne MOSFET-e. Za zgled je izbran
IRF330. Glede na sliko 1 so napetost Vas in Vps 0z. Vias
in V'ps ter tok Ip povezani s Kirchoffovim zakonom:

Vas= V'gs+ Ip RS (6)

Vps=V'ps+ Ip( RS+ RD) {7)

Ce vstavimo ti dve enadbi v en. (3) in (2), dobimo
odvisnost toka za podrocje nasiCenja:

194

Ip= %( Vas— Vr-Ip RS)?.

{1+1{ Vos— Ib (RS+ RD)}}
Za podrogje prevajanja pa dobimo:

Ip=Kp{ Vps—Ip(RS+RD)}-

{( Vas= Vr— /DHS)_{{VDS-* /o(2RS+ RD)}}}(Q)

(8)

V enacbi (8) lahko zanemarimo:
A Vos—Ip(RS+RD)}<<1.

A.) 1ZRACUN A
Parameter modu!acfje dolzine kanala A je doloCen z
najvisjo tokovno krivuljo Ip statiCne karakteristike (glej

sliko 2).

[ A

D

RS- EET R _._,.._.___‘_._.__>
0 Upe

Slika 2:  Izradun h

Glede na sliko 2 lahko aproksimiramo na krivulji Vgs
=Vass toko Ipo. Tudi druga to¢ka (Ip1, Vpst) skrajno
desno na krivulji Vas = Vas1 je ravno tako izbrana. Ce
vstavimo ti dve tocki v en. (8), dobimo:

A = Ipi — Ipo

= o Vs (10)

Ta rezultat bazira na priblizkih, ki so veljavni za vsak
realni element:

Vst >> Ipg ( RS+ RD)
Mpo (RS+ RD) << 1
( Vast — Vr—lpo RS)? = ( Vast — Vr— Ipt RS)?

Za izbran tranzistor IRF330 je Ips = Ipo in zato je A = 0.
Ce je vpliv parametra A kritiCen, izvedemo meritve po-
datkov za izracun.

B.) IZRACUN Kp, V1 IN RS

Parametre Kp, V1 in RS dologimo iz treh toCk v podrocju
nasiCenja Ip karakteristike. iz slike 3 je razvidno, da je
prva to¢ka (Ips, Vpsi) izbrana pri najvisjem toku, ko je
Vas =Vasi. Druga tocka (lp2, Vbsz) je locirana na drugi
najvi§ji krivulji pri Vas = Vas2 in tretja toCka na tretji
najvigji krivulji pri Vas =Vasa.
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Slika 3:  Izbira treh tock

Za smiselno numeriCno natan¢nost izberemo Ips med
10% in 30% toka Ip1, tok Ip2 pa naj bo na sredi med I
in Ips. Omeniti je treba e, da je vrednost Vps =Vps+
enaka za vse tritocke in povsod mora veljati: Vpsi >> Ip
(RS+RD). Ce vstavimo te tritocke v enatbo (8), dobimo:

K ;
Ipt :?P(Vasw — V7= IptRS)? - (1+AVpsy ) (11a)
K,
/m:?P(VGsz— Vr— IppAS > (1+AVpsi) (11b)

/De=‘§E(VGS3“ Vr—IpsARSY - (1+ A\Vpsi ) (11c)

Parametra Kp in A izloCimo z delitvijo enadbe (11a) z
(11b) in (11a) z enacbo (11c), da dobimo dve enacbi in
dve neznanki - V1 in RS:

g=|ln 1/2_ Vasi = V1— ;RS
Tl | T Vase— Vr- IpRS

(12a)

= 2
Ims Vess— Vr— ImARS (12b)

iz teh dveh enatb izlo¢imo RS in dobimo:
_ Vasi(Va—Vb) — Vasea (1 = Vb) + Vessb(1 - Va)

1
b:(@]/z_ Vasi = Vr— It RS

vr Va—Vb—a(l— Vo) + (1 - Va)
(13)
RS dobimo s preureditvijo enatbe (12a);
Vasi — a Vgsz - V(1 - @)
- 14
RS Ion(1 — Va) (9 (14)
In na koncu dolo¢imo e Kp iz enacbe (11a):
Kp= 2lor 5 (A7 VP
(Vast — Vr—Ipt RS" - (1 + X Vpsy)
(15)

C.) IZRACUN RD

Parameter RD je doloCen iz vklopne upornosti Rpsion),
ki doloCa strmino karakteristike ponora v vklopnem pod-
ro¢ju. Teoreti¢no.je pri Vps=0 ta odvisnost podana z
enacbo (16):
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RDS(on)Z HD+ HS+ (Q) (16)

1
Kn(Vas - V)
D.) IZRACUN RL

Parameter RL je doloCen z enacbo (17):

VDS(max) .
| = ———=
Ipss

E.) IZRACUN I's, N, RS’ IN Is

Kjer je Ipss = tok Ip pri Vas= 0.{17)

V aplikacijah, kjer mocnostni MOSFET tranzistor ne .
deluje v inverznem podrocju {(Vps < 0), teh parametrov
ni potrebno podati. Za delovanje v inverznem rezimu pa
so ti parametri definirani takole - napetost na diodi (¢e
izlo¢imo RS’) opisuje enacba (18):

1'subD

I's
Ce izberemo N=1 in I's=10"", dobimo padec napetosti
V'p =0.478 V pri 'p =1mA. Ce izhajamo iz eksperimen-
talnih rezultatov, je to tipi¢na inverzna napetost za ve-
Cina HEXFET tranzistorjev pri tako malem toku, ko je
ohmski padec napetosti zanemarljiv. Skratka, ta dva
parametra izraCunamo, ne pa izmerimo.

V'p=0.026NIn (18)

Upornost RS’ je dolo¢ena iz maksimalnega toka v in-
verzni smeri I'p in padca napetosti na diodi Vsp. 1z
enacbe (18) izratunamo V'p in nato $e:

Vsp-V'p
I'p
Tok Isp predpostavimo veliko manjsi kot Ip, ¢e sta

izpolnjena naslednja pogoja:

Is>>1's in RD>> RS’

Prva neenacba je izpolnjena z izbiro Is =107"° A, druga
pa prav tako za vrednosti RD in RS’ pri IRF330 (¢e
izberemo za tok s prenizko vrednost, lahko to privede
do povecanjaCasaracunanja). Za uporabljene vrednosti
lahko pokazemo, da je tok lsp= 1A pril'p= 20A - drugace
povedano, vgrajena dioda nosi le okoli 5% celotnega
inverznega toka 21A. Pri nizjih vrednostih tokov ta od-
stotek naraste in pri visjih pada.

RS’ = Q) (19)

V kriticnem podroc¢ju delovanja podamo $e prehodno
¢asovno konstanto TT v modelu diode, drugade paima
model diode zanemarljiv ¢as obnovitve nosilcev ob iz-
klopu.

F.) IZRACUN CGSO, CGDO, CBD IN N

Kapacitivhosti CGSO, CGDO in CBD lahko dologimo iz
vhodne, prehodne in izhodne kapacitivhosti. Le - te so
oznacCene v katalogu z Ciss, Crss in Coss. Pri doloceni
napetosti doloCimo iskane kapacitivnosti iz naslednjih
povezav:

CGDO - C/ss

CES0= Ciss “Crss

CDS = COSS - Crss

CBD pa dologimo iz en. (5) pri Vps=25V.

(20)



Informacije MIDEM 20(1990)4, str. 193-200

F. Mihali¢, M. Milanovi¢, K. Jezernik: Modeliranje
MOSFET tranzistorjev za program SPICE

Za tipicne HEXFET tranzistorje je CGSO priblizno kon-
stantna, medtem ko pa CGDO z napetostjo pada. Kljub
temu pa sta oba parametra vzeta kot konstantna v
SPICE modelu. Qdstopanja lahko zajamemo na dva
nadina:

a)Uporabimo povpre¢no vrednost CGDO v delovnem
obmogju. Ta priblizek pomeni, da bomo z modelom
simulirali povpreéne ¢asovne zakasnitve, ne pa tocne
vrednosti prehodnih pojavov.

b)Dodamo zunanjo diodo med vrata in ponor. Kapacitiv-
nost p-n spoja te diode uporabimo za simulacijo neli-
nearne kapacitivnosti CGDO. Obenem so spremenjeni
tudi ostali parametri, tako da teCe ves ¢as zanemarljiv
tok skozidiodo. Ce uporabimo zals =10""> A in N=1000,
teCe skozi diodo tok 1uA, ko je napetost Vap =+538V.
Ta tok pada za faktor 10 na vsakih 60V.

Ugotovimo lahko, da izbira konstantne vrednos{i za
CGDO daje tesnej$o povezanost simulacij in podatkov
iz kataloga v celotnem podrocju.

G.) IZRACUN RG

Privsakem moc¢nostnem MOSFET tranzistorju nastopa-
ta vklopni ¢as zakasnitve (turn-on delay) in izklopni ¢as
zakasnitve (turn-off delay). Za razlago si oglejmo vezje
na sliki 4a. Ekvivalentno vezje na vhodni strani pa
prikazuje slika 4b. '

E ]|

PULZKI
GENERATOR

SOt

. = B
AN, 1— ol |
I ,, Lo "
() 2568 g ) | =°
e : ¢ I’. J 3 T
i T ' o =
Slika 4:  a) Vezje za testiranje preklopnih Sasov.
b) Ekvivalentno vezje na vhodni strani.
Pri tem sta:
RiR . VoR:
JOALLECTNY IR VAR Lk (21)
R+ R Ri+ R

Vhodni model velja aproksimativno za zaporno podrocje
in podrogje vklopa. Ce je FET izklopljen in nastopi na
vratih pulz V'p =+10 V, tok Ip ne steCe, dokler se Ciss ne
napolni na napetost Vr. Ta ¢as polnjenja dolo€a vklopno
zakasnitev, taon): '

td(on) = (RG“ +R ')Ciss/n {76:1_277_} (22)
Vrednost R izracunamo iz tega za Ciss pri Vos =25 V.

Zakasnitev izklopa pa dolo¢imo s postavitvijo delovne
toéke na staticno karakteristiko MOSFET-a. PreselisCe
delovne premice s krivuljo prevajanja je vklopnadelovna
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toCkaza FET. Zinterpolacijo napetostivrat (Vas), kiseka
delovno toCko, dobimo mejno vrednost napetosti vrat
med prevodnim podro¢jemin podrofjem nasicenja. Ime-
nujmo to mejno vrednost napetosti Va (slika 5).

Slikab:  Doloditev Va

Ce se vhodna napetost skokoma spremenizVpna 0V,
se tok Ip ne more zmanjsati naenkrat, dokler se kapaci-
tivnost Ciss ne sprazni z zaCetne vrednosti 10V na vred-
nost Va. Ta Cas praznjenja doloca zakasnitev izklopa in
ga lahko izraunamo iz en. (23):

taom = (Rgz2 + R’ )Cissin {JVQ} (23)
A
Za SPICE model je vrednost parametra RG:
RG = Aai —; Raz (24)

Vrednost RG, ki je uporabljena v modelu, je povprecje
vrednosti izracunane iz obeh enacb. Opozorimo $e, da
poenostavljen model na sliki 4b ni veljaven med ¢asom
naras¢anja in padanja prehodnega pojava, dokler je
element v podroCju nasiCenja in Millerjev efekt kapaci-
tivnosti ni zanemarljiv.

S pomogjo izraCunanih podatkov lahko zapiSemo
SPICE model za MOSFET IRF330. Vozli§Ca so oste-
viltena glede na sliko 1.

.SUBCKT IRF330 10 20 30

* nD nG nsS
MOS 10 1 30 30 MOSFET OFF W=1 L=1
RG 10 1 72

RL 10 30 1.6MEG

DREV 30 10 DO1

.MODEL MOSFET NMOS (VT0=3.54 KP=9.155 RS=0.109
RD=0.674

+ CGSO=660P CGD0=40P CBD=560P
PB=1.0 IS=1.0F)

.MODEL D01 D (IS=10P R5=0.0432)

.ENDS IRF330

Izpis 1. SPICE model MOSFET-a IRF330.

2.2. REZULTATI SIMULACLW)

Sedaj lahko dobljeni model MOSFET-a preizkusimo
med delovanjem. In sicer si najprej oglejmo enosmerne
razmere. Na sliki 6 je vezje za simulacijo stati¢nih karak-
teristik.
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Slika 6:  Izradun statiénih karakteristik

Simulacije smo opravili za razli¢ne vrednosti napetosti
vrat: Vas=4.0V,4.5V,5.0V;55Vin6.0V prilinearnem
spreminjanju napetosti Vpp od 0 V do 10 V. Rezultati
kaZejo zelo dobro ujemanje odzivov v podrogju na-
sicenja (slika 7).

45V

Swj‘ |l

o By PULSE TS

g Oy

o ? 4 6 U 10
vV (V)
Ds

S/ika 7: - Stati¢na karakteristika MOSFET-a IRF330 v

podrodju nasicenja

Delovanje v inverznem podroc¢ju nam kaze slika 8. Vidi-
mo, da se rezultati simulacije zelo dobro ujemajo s
podatki iz kataloga (Vas =0 V, Ip =22 A pri Vsp = 1.6 V).

BOR - = - - b e +
I, i |
D% |
| . 1
I ., i
- - ] '-\. '
4004 - " +
I 1
I . !
| , |
i ™, '
! . "'\,_\ i
206+ o
3 !
i ", ]
i . I
| . _"-\ {
i . |
OFy 4 === - - TR bRty
-3 0V -2.0v  —1 0y 0.0y DS
Slika 8:  Delovanje v inverznem podrodju.

Po zadovoljivem enosmernem delovanju MOSFET-a
smo preizkusili e to¢nost casovnih odzivov. Rezultati
simulacije so dobljeni s pomocjo vezave na sliki 4a.
Vkiop in izklop tranzistorja kaZeta sliki 9 in 10.

iz posnetih odzivov lahko dologimo ¢asovne konstante
prehodnih pojavov. Vklopni ¢as sestavljata ¢as zaka-
snitve vklopa ta(on) in ¢as nara$¢anja toka Ip, t. Izklopni
Cas sestavljata zakasnitev izklopa, tawr in Gas padanja
toka Ip, 1. Primerjava ¢asov simulacij in podatkov iz
kataloga je v tabeli 1.

PREHODNI POJAV | PODATK! IZ REZULTAT
KATALOGA SIMULACH

td(on) 30ns 26 ns

te 35ns 30 hs

tdotty 55ns 57 ns

ti 35ns 41ns

TABELA 1

Opazimo lahko nekoliko krajsi ¢as vklopa in malenkost
daljsi ¢as izklopa, kljub temu pa so odstopanja manjsa
kot jih lahko pricakujemo med dvema tranzistorjema
istega tipa.

2.3. VPLIV PARAZITNIH INDUKTIVNOSTI IZVORA
NA DINAMICNO OBNASAJE MOSFET
TRANZISTORJA

Kot smo lahko do sedaj opazili, dinami¢no obnasanije
SPICE modela MOSFET-a na sliki 1 niidealno. Skratka,
¢e so dinamiCni parametri modela izbrani tako, da na-
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Slika 9: Vklop MOSFET-a

tanéno dolo¢ajo vklopne in izkiopne zakasnitve, pa se
¢as naraddéanjain padanja nekoliko razlikujeta od izmer-
jenih. Eden moznih vzrokov za odstopanije je parazitna
induktivnost izvora, ki nastopa tako interno kot eksterno
v tranzistorju.

Namen tega dodatka je preuditi vpliv teh induktivnosti,
katere smo zanemarili v prvotnem modelu. Spremembe
modela enostavno vkljuéimo v SPICE program.

Notranji induktivnostiLs in Lp sta izmerjeni in doloCeni s
strani proizvajalca (HEXFET tranzistorji firme Interna-
tional Rectifier). Za IRF330 sta ti dve vrednosti 12.5nH
in 5nH. Zunanjo (stresano) induktivnost pa dolo¢a upo-
rabnik. Odvisna je od dolZine in premera vodnika, ki
povezuije izvor in maso prozenja. V splodnemvelja, &im
dalj$i in tanj8i je vodnik, vedja je stresana induktivnost.
Vrednost te induktivnosti lahko minimiziramo s prikljucit-
vijo ¢im krajsega vodnika mase proZenja direkino na
prikljuéek izvora (S). Za razlago vpliva parazitnih in-
duktivnosti si oglejmo poenostavljeno stikalno stopnjo
na sliki 11.
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Slika 11: Poenostavijena stikalna stopnja z induktivnostjo

Parazitna induktivnost Ls je prikazana zunaj FET-a. Z
uporabo Kirchoffovega zakona dobimo:

dis

V/(t) = Rgig + VGS+ [_5 dt

(25)

Med vklopno in izklopno zakasnitvijo sta Ls in dis /dt mali
in vrednost inducirane napetosti Ldi/dt je zanemarljiva.
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Slika 13:  Vklop MOSFET-a

Precejsen del vhodne napetosti odpade na L zato je
manj ostane za napolnitev in spraznitev kapacitivnosti
FET-a. Rezultat tega je dalj$i ¢as narad€anja in padanja
toka Ip. Ker pa smo dinami¢ni parameter RG modela
izratunali iz ¢asa zakasnitve, ki pa ogitno ni odvisen od
Ls, je ta parameter Se vedno veljaven.
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Slika 14:  Izklop MOSFET-a

Za preuditev vpliva parazitnih induktivnosti smo mode!
FET-a nasliki 1 preuredili tako, da smo vkljugili Lp in Ls
kot kaZe slika 12. Uporabili smo vrednosti parametrov
za nov model IRF330 in izvedli simulacijo po sliki 4a.
Rezultate - vklop in izklop tranzistorja - kazeta sliki 13 in
14. ,
Nazadnje smo dodali Se zunanjo induktivhost Ls
=100nH. Odzivi so posneti na slikah 15 in 16.

3. ZAKLJUGEK '

Primerjava rezultatov simulacij in podatkov iz kataloga
kaze tabela 2.

Prehodni Podatkiiz | ldealni Model zLs | Model zLs
pojav kataloga model =125nH | IN 100 nH
td(on) 30ns 26 ns 32ns 34ns
11 35ns 30ns 30ns 68 ns
ta(of) 55ns 57 ns 57ns 57 ns
ti 35ns 41ns 43ns 90ns

TABELA 2.
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Slika 15: Vklop MOSFET-a

Opazimo lahko, da model z notranjo induktivnostjo Ls
daje bolj stvarne rezultate od idealnega modela. In-
duktivnost ima majhen vpliv na Casovne zakasnitve,
povea pa se Cas padanja. Ko pa dodamo zunanjo
induktivnost 100nH, pa ¢as zakasnitve vklopa in izklopa
malenkost naraste, obenem pa se ¢as nara$¢anja in
padanja povelata za veC kot dvakrat. To nam kaze na
pomembnost minimiziranja stresanih ihduktivnosti za
dosego hitrejSih preklopov. Tudi induktivhost Lp smo
vkljugili v model zaradi celovitosti modela, lahko pa jo
izlo¢imo, ne da bi s tem bistveno vplivali na rezultate
simulacij.
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Slika 16:  Izklop MOSFET-a
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POVZETEK: Na osnovi poloZaja valennega nihanja povezovalnega kisika sklepamo o vphvu razliénih temperatur popuscanja na oksidne plastl S
pomodjo optiénih konstant upostevamo premik traku zaradi razliéne debeline vzorcev. Z visanjem temperature popug&anja se vezi v strukturi jadajo.

SILICONE OXIDE FILMS
lil. Si-O-Si BOND STRECHING VIBRATION'AS A
DETECTOR OF DIFFERENCES AMONG FILMS

KEY WORDS: silicon oxides, thin films, infrared spectrum, spectral analysis, dispersion frequency, optical constants, frequency shift, substrates,

oxide films

ABSTRACT: The effect of differences in annealing temperature is studied via the position of Si-O-Si bond streching vibration. The thickness-de-
pendent frequency shift is taken into account by the optical constants. Increasing of the annealing temperature yields to stronger bonds in the oxide

structure.

. UvoD

Veliko studij infrardecih spektrov SiOx se ukvarja s pod-
ro¢jem najmocnejde absorpcije, kjer dominira valenéno
nihanje povezovalnega kisika. To nihanje je nekaksen
detektor sprememb v snovi. PoloZaj tega traku ( s) je
mo¢&no odvisen tako od nac¢ina nanasanja plasti, kot tudi
od morebitne kasnejée termiéne obdelave. Tako je mo-
gole sklepati 0 naravi Si-O vezi, gostoti in poroznosti
plasti, pa tudi o stehiometriji oksida. %45 Tovrstne
analize temeljijo na merjenju frekvence valentnega ni-
hanja.

Frekvence posameznih nihanj dolo¢amo z ustreznimi
maksimumi v absorbanénih (oziroma minimumi v trans-
misijskih) spektrin. Za zelo tanke vzorce (v limiti, ko gre
debelina proti ni¢) tako doloéene frekvence natanéno
ustrezajo disperzijskimfrekvencam. V primeru, da spek-
tre snemamo pri vpadnem kotu 0°, smo tako izmerili
lastne frekvence pripadajocih nihanj v snovi, to je snov-
ne parametre. Striktno bi morali pravzaprav govoriti 0
dveh frekvencah, o frekvenci absorpcijskega traku v
spektru vzorca z dano debelino in o disperzijski frekven-
ci. InfrardeCa spektralna analiza pri polozaju posamez-
nega traku obic¢ajno ne uposteva debeline vzorca. Iz-
kusnje namre€ kazejo, da premik absorpcijskega traku
zaradi razlicne debeline vzorca opazimo zelo redko.
Pojav teoreticno pojasnuje takoimenovani "efekt izkrivl-
jene disperzije".® Najvediji je pri snoveh, ki imajo iroko
obmocje anomalne disperzije (to je podrodje, Kjer z
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rasto¢o valovno dolzino lomni koliénik snovi narasc¢a).
Silicijev oksid ta pogoj izpolnjuje

Pri primerjavi razli¢nih vzorcev je mnogokrat tezko logiti
premik traku zaradisprembe debeline od premika zaradi
drugih vzrokov. Nekateri avtorji poroéajo o odvisnosti vs
od debeline plasti, kot vzrok pa vedinoma navajajo
spremembe v snovi. Te nastanejo zaradi lastnosti pro-
cesa nanasanja plastl man jSanja napetostiv vezi Si-O
z nara$¢ajoco debelino,* in podobno. V nekaterih $tudi-
jah podatek o debelini plasti spioh ni naveden, ¢eprav
lahko sklepamo, da obravnavani vzorci verjetno niso
enako debeli.

Z uporabo opti¢nih konstant smo za nekatere vzorce
izraCunali disperzijsko frekvenco valenénega nihanja in
odvisnost polozaja tega nihanja od debeline oksidne
plasti. Tako smo dobili metodo za detekcijo snhovnih
sprememb v razlicno debelih silicijevih oksidih. Uporabili
smo jo za Studij sprememb v plasteh pri spremm janju
temperature popuscanja.

Il. IZRACUN OPTICNIH KONSTANT

Opti¢ne lastnosti poljubne homogene snovi so popolno-
ma dologene s spektralnim potekom opti¢ne konstante.
Termin "opti¢na konstanta” se uporablja iz zgodovinskih
razlogov in je pravzaprav zelo neposreéen, saj ne gre
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za konstanto, pac¢ pa za funkcijo, ki je povrhu e kom-
pleksna. Zapisemo lahko:

AOVY = Ny — ik

Lomnikoli¢nik n(v) pomenirazmerje hitrosti elektromag-
netnega valovanja v vakuumu in v snovi. Ekstinkcijski
koeficient k(v) predstavlja absorpcijo. Oslabitev ampli-
tude elektromagnetnega valovanja v snovi na poti ene
vakuumske valovne dolZine znasa e2™ Obe kompo-
nenti kompleksne funkcije n(v) se obiCajno poimenujeta
kar opti¢ni konstanti.

Opticne konstante snovi je mogoce doloditi na razlicne
naline. Na kratko bomo opisali metodo, ki smo jo razvili
sami in jo uporabili za izracun opti¢nih konstant silici-
jevega oksida v infrardeCem delu spekira. Debelino
substrata in tanke plasti na njem izmerimo s katero od
obi¢ajnih metod. Dalje poteka doloevanje v dveh ko-
rakih. V prvem doloimo optiCne konstante za substrat,
v drugem za tanko plast na njem. '

Metoda temelji na poteku Zarkov po vzorcu. Lom in
odboj zarkov na opti¢no ravnih mejah med dvema sred-
stvoma preko Fresnelovih koeficientov izrazimo z opti-
¢nimi konstantami ustreznega sredstva. Na hrapavih
mejah se intenzitete v smeri lomljenih in odbitih Zarkov
ustrezno zmanjsajo. Intenzitete zarkov, ki jih po za-
porednih odbojih po substratu le-ta kontno prepusti na
svoji zadnji oziroma sprednji strani, sestejemo. Tako
dobljeni vsoti skupno z merjenim transmisijskim in re-
fleksijskim spektromtvorita implicitni sistem dveh enacb
z dvema neznankama. To sta spektra obeh opticnih
konstant substrata.

Podoben implicitni sistem enacb zapiSemo tudi za sis-
temtanka plast/substrat. Zarke po tanki plasti sestejemo
koherentno, po substratu pa, tako kakor prej, nekoher-
entno. Ob poznavanju optiCnih konstant substrata (do-
lo¢ili smo jih v prvem koraku) ima sistem pri vsakem
valovnem §tevilu v spektru dve neznanki - obe opti¢ni
konstanti.

3

2000

4000 3000

valovno Btevilo {cm™}

Slika 1:  Opticne konstante silicijevega dioksida v

infrarde¢em podrodju.
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Problem veckratnih resitev reS§imo s fizikalno smiselnimi
zahtevami, kot je naprimer zveznost obeh resitev preko
celotnega spektra. Vzro¢no povezavo med n(v} in k(v)
tako za substrat, kot tudi za tanko plast preverimo z
uporabo Kramer-Kronigove relacije.”

Spektralni potek opticnih konstant, ki smo ga izra¢unali
za enega izmed obravnavanih silicijevih oksidov, prika-
zuje slika 1.

1. IZRACUN ODVISNOSTI POLOZAJA
VALENCNEGA NIHANJA OD DEBELINE OKSIDNE
PLASTI

Predstavijajmo si, da imamo razlitno debele tanke plasti
SiOy, ki imajo enake vse parametre sestave in tudi
strukture. Kaksno odvisnost poloZaja valenCnega nihan-
ja (vs) od debeline plasti bi izmerili za take namisljene
vzorce? Vprasanje resimo po racunski poti. Absorban-
&ne spekire simuliramo tako, da uporabimo isto snov (to
je nespremenjene optiCne konstante), debelino pa kot
neodvisni racunski parameter spreminjamo v Zeljenem
obmociju. Iz tako izraCunanih spektrov odCitamo vred-
nosti vs in nariSemo iskano odvisnost od debeline. Na-
tanna analiza je pokazala, da povzrocata najvedji pris-
pevek k frekvenénemu premiku traku transmisijska fak-
torja na fPrehodih zrak - tanka plast in tanka plast -
substrat.” Ta dva faktorja zagotavljata ohranitev ener-

gije.

V. MERITVE IN REZULTATI

Uporabljali smo tri vrste substratov. Podatki o njih so
zbrani v tabeli I. Na te substrate smo nanesli razlicne
silicijeve okside. Z izjemo vzorca z oznako O1, ki je
zrastel pri termiCni oksidaciji, so bili vsi ostali nanegeni
v CVD tehniki. Vse vzorce smo popuscali 15 minut v
dusikovi atmosferi pri temperaturah 900, 950 ali pa
1050°C. Podatki o vzorcih so zbrani v tabeli II.

Za vzorce TF3, TF4, TF5, TF8, TF7 in TF8 smo izra-
Cunali optiCne konstante. Te so za vzorce, ki so bili
popuséani pri enaki temperaturi v okviru natan¢nosti
racuna enake, za plasti z razlitno temperaturo popus-
Canja pa se razlikujejo. V obmocju najmoclnejSe absorp-
cije te razlike prikazuje slika 2. Z visanjem TP se viSata
tako lomni koli€nik, kot tudi ekstinkcijski koeficient.

Iz izraéunanih opti¢nih konstant smo dolocili poloZaje
maksimuma funkcije dielektricnih izgub za valenéno
nihanje povezovalnega kisika. Tako smo dobili disper-
zijske frekvence, ki so snovni parametri in tako niso
odvisniod geometrije vzorca. Rezultati so zbranivtabeli
. Za vzorce z enako temperaturo popuscanja so dis-
perzijske frekvence enake, z visanjem TP pa se pomi-
kajo protivi§jim valovnim Stevilom. Na osnovitega pomi-
ka lahko sklepamo, da se z viSanjem TP krepi vez Si-O
- struktura SiO» se jada.
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Slika 2:  Optiéne konstante silicijevih oksidov, ki so bili

popudéani 15 minut v dusikovi atmosferi pri
900°C (vzorec TF3), 950°C (vzorec TF7} in
1050°C (vzorec TF5) v obmodju valencénega
nihanja povezovalnega kisika.

Za vse optitne konstante smo izracunali odvisnost po-
loZaja valentnega nihanja povezovalnega kisika od de-
beline plasti, vs(d). Kot smo pricakovali, je ta odvisnost
za vzorce z enako temperaturo popu$canja prakti¢no
enaka. Ko zviSamo TP, se krivulja priblizno paralelno
premakne proti vi§jim valovnim Stevilom. Vrednosti vs
smo nato za vse vzorce, ki so opisani v tabeli ll, od¢itali
iz absorbancnih spektrov. Tako dobljene eksperimen-
taine rezultate smo vnesli na sliko z izraCunanimi krivul-
jami. Kot je razvidno na sliki 3, se meritve zelo dobro
vklapljajo v izraéunano krivuljo vs(d) za ustrezno TP. V
okviru nade natancnosti to potrjuje domnevo, da imajo
vsi vzorci, ki so bili na enak nagin popuscani, z IR
staliS¢a neloCljivo strukturo ne glede na nacin priprave.

Ujemanje eksperimentalnih podatkov z raéunsko do-
loCeno odvisnostjo vs(d) je dobro tudi pri majhnin debeli-
nah. To navaja na misel, da je vmesna plast med Si in
SiOz tako tanka, da je njen vpliv za te debeline prakti¢no
zanhemarljiv. Domneva se sklada s podatkom iz litera-
ture, da je vmesna plast debela le reda velikost 1 nm,®
kar je dva reda manj od najtanj$ega obravnavanega
vzorca.

V.ZAKLJUCEK

Opazovali smo nekatere efekte, povezane z amorfno
strukturo silicijevih oksidov s skupno formulo SiOx. Ugi-
tovitve je mogoce strniti takole:
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Slika 3:  Odvisnost poloZaja valencnega nihanja

povezovalnega kisika v absorbanc¢nih spektrih
od debeline vzorcev zg)popus“éanje pri 900°C
03), 950°C (O) in 105(°C (%). Prazni znaki
pomenijo racunske tocke, polni pa poloZaje
traku v izmerjenih absorbancénih spektrih (glef
tudi tabelo II').

Takoj po depoziciji so oksidne plasti razlicne z vidika
stehiometrije in vsebnosti primesi (npr. vezana voda,
hidroksilne skupine, silanoine grupe ipd.). Plasti so lah-
ko tudi razlitno porozne (lomni koli¢nik v bliznjem IR
podrocju).

Visoka temperatura v dusikovi atmosferi zgosti oksidne
plasti (zmanj8anje debeline). Prej spektroskopsko vidne.
vezane primesiizginejo, IR spekter postane kvalitativho
neloCljiv od spektra termi¢nega oksida - temperaturno
popuscane plasti imajo sestavo SiOs.

V okviru nase natancnostilahko trdimo, da imajo oksidi,
ki so bili popus¢ani na enak nadin, enako tudi strukturo
ne glede na nacin depozicije.

Z visanjem temperature popud¢anja postaja strukiura
oksida vedno bolj trdna.

Sodelavcema ISKRE Mikroelektronike Ljubljana Ratko-
tu Kuzmi in Tonetu Sudcu se zahvaljujeva za izdelavo
tankih plasti in meritve njihovih debelin ter lomnih ko-
li¢nikov.

Za obojestransko polirane substrate se zahvaljujeva
Miranu Krambergerju iz ISKRE polprevodniki Trbovlje.

Akademiku prof. dr. Dusanu Hadziju se zahvaljujeva za
kriticne pripombe in Koristne nasvete.
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Tabelal.

Podatki o silicijevih rezinah, ki smo jih uporabili za
substrate. Vse rezine so bile n tipa. Odrezane so bile
kristalni ravnini <100> od monokristala tipa Czochralski.
V tabeli so podane debeline (D), upornosti (Ro), koncen-
tracije intersticialnega kisika (Oi), tip poliranja in proiz-
vajalci za vse tri tipe rezin, ki smo jih uporabili.

D p Oi poliranje proizvajalec
{mm) (Qcm) (cm-3)
A 052 10 57x10'"  obojestransko  ISKRA Trbovlje
B 055 2-5 6.9x10'"  enostransko Wacker
C 05 2-5 7.3x10'  enostransko Dynamit Nobel

* dologeno po IR metodi'® na nepopus&anih rezinah

Tabela Il.

Priprava razlicno debelih silicijevih oksidov. Vsi vzorci
so bili popud¢ani 15 minut v dusikovi atmosferi pri raz-
licnih temperaturah (Tp). V tabeli so podani tip substrata
(Si, glej tudi tabelo 1), hitrosti nanasanja (hp), tempera-
ture depozicije (Tp), debeline oksidnih plasti (d) in po-
lozaj valencnega nihanja povezovalnega kisika (vs).

vzorec Si hp Tp Tp d Vs

(nm/min)  (°C) c) (nm) (em™)
TF3 B 460 350 900 1044.5 1087.5
TF6 B 66.3 350 900 1080.4 1088.2
TF4 B 460 350 850 1036.4 1090.4
TF7 B 663 350 950 1076.9 1090.7
P1 A 35 160 950 192.7 1078.1
P2 A 411 355 950 135.3 1076.4
P3 A 20.1 355 950 160.4 1077.9
0} A 019 750 850 1145 1074.7
§1950 C 492 350 950 4176 1083.5
$2950 C 50.1 350 950 620.2 1087.3
$3950 C 502 350 950 819.9 1089.8
TF5 B 460 350 1050 1025.4 1092.6
TF8 B 66.3 350 1050 1081.9 10931
Si1050 C 492 350 1050 409.2 1086.2
521050 C 50.1 350 1050 614.2 1089.5
831050 C 502 350 1050 801.9 1091.2
S41050 C 497 350 1050 987.8 1093.5

Tabela lil.

Disperzijske frekvence valenéega nihanja povezovalne-
ga kisika (vs®) v nekaterih vzorcih. Dobljene so kot
maksimumi funkcije dielektricnih izgub za homogeno
snov.

vzorec Te(°C) vs® (em™)
TF3 900 1068.3
TF6 900 1067.6
TF4 950 1070.3
TF7 950 1070.8
TF5 1050 1074.0
TF8 1050 1073.7
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NOVE TEHNOLOGIJE ZA IZDELAVO Fe-Nd-B MAGNETOV

Boris Saje, Janez Holc, Spomenka Beseniéar

KLJUCNE BESEDE: trajni magneti, magneti FeNdB, magneti redkih zemelj, sintrani magneti, magnetne zlitine, magnetne lastnosti, tehnologija

POVZETEK: Pripravili smo pregled tehnologij za pripravo trajnih magnetov na osnovi zlitine Fe-Nd-B, ki so bili razviti kot alternativa postopku prasne
metalurgije. Opisani so postopki ultrahitrega ohlajanja, mehanskega legiranja, rotacijskega kovanja, hladnega stiskanja, vro¢ega stiskanja, utopnega
kovanja, ekstrudiranja in toplotne obdelave. Podane so tudi magnetne lastnost, ki jih s posameznimi postopki dosezemo.

NEW TEHNOLOGIES FOR PRODUCING Fe-Nd-B MAGNETS

KEYWORDS: permanent magnets, FeNdB magnets, sintered magnets, rare earth magnets, magnetic alloys, magnetic properties, tehnology

ABSTRACT: A review of tehnologies for manufacturing permanent magnets on basis of Fe-Nd-B alloy was prepared. These tehnologies were
developed as alternative to powder metalurgical process which is sophisticated and time and energy wasteful. Processes of rapid quench melt
spinning, mechanical alloying, rotary forging, cold compacting, hot pressing, die- upset forging, extruding and annealing are described. A brief
rewiew of magnetic properties coresponding to these processes is also given.

uvob mociju. Delamo v inertni zadgitni atmosferi z 20 do 50%
prebitkom Ca. Postopek poteka v treh stopnjah:

Od leta 1984, ko so bili objavljeni prvi glanki'"” o pripravi - redukcija neodimovega oksida s Ca

kovinskih trajmrl magnetov ng OS'nOV'I zhnnefe-Nd-B s ~  tvorba Fe-Nd-B zlitine z difuzijo pri povidani tem-

postopkom prasne metalurgije, je bilo razvitih mnogo peraturi (860 - 1050°C)

novih tehnolo8kih postopkov. Razlogi so predvsem tri-

je® -~ luZenje Ca oksida pri sobni temperaturi v vodi, ki
3 . (1) ; 5 . vsebuje organska topila.

— Prasno-metalurski postopek' " je tehnolosko zaple- o

ten ter Gasovo in energetsko potraten. Teznja je Proces poteka po enacbi:

zmanjSati $tevilo tehnoloskih stopenj na minimum. 8Nd203 + 64 Fe + 20Fe0sBos + 24 Ca —

~  Glede na zahteve uporabnikov magnetov, ni univer- NdisFereBs + 24 CaQ
zalnega procesa za izdelavo Fe-Nd-B magnetov.

Kvaliteto oz. primernost magneta za aplikacijo lahko Izluzevanje CaO pa po enacbi :

definiramo le v okviru njegovih prednosti na to¢no Ca + Ca0 + 2 H20 — 2 Ca(OH)»

doloCenem podrocju uporabe, ki doloca preferen-

¢ne lastnosti magneta (magnetne lastnosti, termi- FeB navadno vsebuje Al, za katerega je bilo naknadno
¢no obstojnost, korozijsko obstojnost, mehansko ugotovljeno, da vpliva na mikrostrukturo in s tem na
trdnost, ceno)®®. magnetne lastnosti. Zato se je osnovni kalciotermicni

postopek modificiral v postopek kjer ne uporabljajo

— izogniti se patentnim za&¢itam, kar je mozno predv- o M
FeB* in poteka po enacbi :

sem na dva nacina in sicer z definiranjem nove
tehnologije ali z definiranjem nove sestave. 8 NdoO3 + 4 BoOs + 5 Fe203 + 66 Fe + 51 Ca —
NdisFe7sBs + 51 CaO

Naknadno je bil odkrit postopek za pripravo NdFeB

POSTOPKI ZA IZDELAVO PRAHOV ALI prahu iz NdCls'®, ki je ceneji, ker odpade pretvorba v
MAGNETNE ZLITINE Nd20s3, in poteka po enalbi:
Kalciotermiéna redukcija ;2 ggg:; + 76 Fe + 8 B + 24 Ca — NdisFersBe +

Kmalu po odkritju zlitine so prifirmi Goldschmidt® razvili

postopek za pripravo prahov direktno iz oksidov redkih Ultra hitro strjevanje (rapid quench melt spinning)

zemelj in sicer s kalciotermi¢no redukcijo. Postopek je Postopek je bil razvit skoraj istoGasno s prasno-metal-
poznan tudikot redukcijsko - difuzijski proces. Redukcija urgkim postopkom®. S to tehnologijo dobimo amorfen
s Capoteka zato, ker je prosta energija za Ca oksid niZja alimikrokristalinicen metastabilen prekurzor za izdelavo
od energije za Nd oksid v vsem temperaturnem ob- prahov ali magnetov.
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Slika 1:

Slcn/ prikaz naprave za hitro ohlajanje

Aparatura je prikazana na sliki 1. Proces poteka v va-
kuumu ali zagéitni atmosferi (navadno Ar). Talina pod
tlakom brizga skozi 8obo na hitrovriedi se valj iz Cu
zlitine, kjer se ohlaja odvisno od premera $Sobe, tlaka
bnzganja in hitrosti vrtenja kolesa, z ohlajevalno hitrostjo
okoli 10°K/s.

Na kolesu dobimo 30 - 50 um debel in okoli 2 mm Sirok,
krhek trak, ki je magnetno lzotropen Magnetne Iastnostl
so odvisne od ohlajevalne hitrosti('°

Prekaljen (overquenched) trak je amorfen, z magnetnimi
lastnostmi B = 0.3 T, Hoi = 40 kA/m in (BH)max =
zanemarljiv.

Optimalno kaljen (optimaly quenched) trak je mikrokris-
talini¢en s sferoidnimi zrni Nd2Fe14B faze premeraod 20
do 100 nm in amorfno Nd-Fe fazo premera 2 nm na
mejah zrn. Magnetne Iastnosts B =085T, Hor= 1114
KA/M , (BH)max = 111 kJ/m°.

Podkaljen (under-quench) ima §e vecjazrnakotoptimal-
no kaljen in magnetne lastnostl B = 07T, Hoi = 875
kKA/min (Bl‘f)max =64 kJ/m

Trakove, tako kot mehansko legiran prah, obdelamo do
kon¢nega izdelka z razliénimi postopki, ki bodo opisani
kasneje, da dobimo odgovarjajoCo obliko, gostoto in
lastnosti magnetov.

Mehansko legiranje (mechanical alloying)

Proces, ki omogoc€a izdelavo homogene zliting, je inter-
difuzija med plastmi kompozitnih delcev ki se tvorijo
med postopkom mehanskega Ieglranja( Shemati¢no
je postopek prikazan na sliki 2. Delci prahu se v procesu
mietja z jeklenimi kroglami v visokoenergetskih attritorjih
v argonu, mo¢no deformirajo in hladno varijo med seboj,
kar vodi najprej do veCplastne strukture, nato pa do zrn
s homogeno sestavo. Interdifuzija lahko potece do kon-
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Slika2:  Shematiéni prikaz mehanskega legiranja®”
1
l PRIPRAVA ZLITINE I l SINTRANJE |
l DROBLJENJE | | TOPLOTNA OBDELAVA }
[ MLETJE l i MEHANSKA OBDELAVA l
I USMERJANJE J | KOROZISKA ZASCITA ]
[ STISKANJE ’ 1 MAGNETENJE l
[
Slika 3:

Potek p(ry’ora ve trajnih magnetov NdfeB po
standardnem prasno-metalurskem postopku(‘”

ca ze med samim procesom ali pa je potrebna dodatna
toplotna obdelava kot pri Fe-Nd-B zlitini, ker amorfen B
med samim procesom mietja ne difundira v zlitino®

Kot izhodno surovino uporabljamo za izdelavo NdFeB
prahu Ciste komponente in sicer Fe velikosti 5 do 40 um,
Nd velikosti 0.5 mm in podmikronski amorfen B.

Dobimo amorfen oziroma mikrokristaliniCen prah zmag-
netnimi lastnostmi, ki so v obmocju magnetnih lastnosti
prahov, ki jih dobimo z postopkom hitrega ohlajanja.

Nadaljna obdelava prahu do magnetov poteka po pos-
topkih hladnega ali vroega stiskanja in utopnega ko-
vanja.

Hidriranje zlitine (Hydrogenation-decrecipitation
process)
To je postopek!’" s katerim dobimo prah iz taljenih

ingotov obenem pa se izognemo droblienju in mletju na
grobinh stopnjah.
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Slika 4:

SEM posnetek preloma nehidrirane zlitine

SEM posnetek hidrirane zlitine ( A = NdbFe14B,
matricna faza, B = medmatricni prostori )

Slika 5:

Osnova postopka je v tem, da Fe-Nd-B zlitina tvori z
vodikom krhke hidride s pozitivno spremembo volumna.
Zlitina zaradi tega med hidriranjem razpoka, hidriran
prahpaje krhekin gaje v nadaljnempostopku zelo lahko
domileti do ustrezne velikosti v krajsin ¢asih kot nehidri-
ran prah.

Na slikah 4 in 5 je prikazana razlika med strukturo
preloma nehidrirane in hidrirane zlitine. Razvidno je
(slika 5), kako zlitina zaradi tvorbe hidridov transkristal-
no in intergranularno razpoka. Proces hidriranja je bil
vpeljan na Odseku za Keramiko, Instituta "Jozef Stefan"
v sodelovanju z Iskra Magneti v okviru razvoja tehno-
logije in parametrov priprave Fe-Nd-B magnetov. Hidrir-
anprahje tudimanjobcutljiv na oksidacijo, saj vodik tvori
zasCitno bariero na povrsini prasnih zrn, Vodik iz zlitine
odstranimo Sele med procesom sintranja v vakuumu,
seveda pa zahteva to prilagojene temperaturne rezime
segrevanja vzorcev.

Kot varianta obdelave magnetne zlitine z vodikom je bil
razvit tudi HDD (hydrogenation, disproportionation, de-
sorption) postopek!'® izdelave magnetnih prahov za
izdelavo plastiCno vezanih magnetov, prikateremgre za
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segrevanje zlitine v vodiku do temperature sintranja in
nato ohlazjang'se v vakuumu, med katerim vodik desorbira
iz zlitine® ). Prahovi so izotropni, velikosti okrog 500
um in brez dodatne obdelave pripravijeni za hladno
oblikovanje z dodatkom polimernih ali kovinskih veziv.
Magnetne lastnosti tako pridobljenih prahovso B, = 0.77
T, Hei = 720 KA/m in (BH)max = 100 kJ/m®.

POSTOPKI ZA IZDELAVO MAGNETOV

Prasno-metalurski postopek

Potek standardnega pragno-metalurékega postopka,
za izdelavo NdFeB magneta je prikazan na siiki 3.

Priprava zlitine poteka navadno z indukcijskim ali elektro
oblo¢nim taljenjem predzlitin ali ¢istih komponent v va-
kuumu ali v zascitni atmosferi.

Za drobljenje ingotov do granufacije 500 um upora-
bljamo navadno Celjustne aliudarne drobilnike, meljemo
pa v attritor, jet ali vibro mlinih do granulacije okrog 5
um. Cas mletja naj bi bil ¢im krajsi s cemer se izoghemo
pretirani oksidaciji prahu. Zagotovil naj bi tudi odgovar--
jajoCo velikost delcev, po moznosti velikost monodo-
menskih delcev, od &esar so odvisne magnetne lastnos-
ti, in dovolj veliko reakcijsko povrsino, od ¢esar je odvis-
na sinterabilnost prahu.

Usmerjanje prahov poteka navadno v impulznem mag-
netnem poélju jakosti okoli 5 T s katerim zagotovimo
najvecjo mozno magnetenje v dani smeri in s tem mag-
netno anizotropen material. Usmerjanje se lahko kom-
binira s stiskanjem, ali pa prah usmerimo in stisnemo v
izostatski stiskalnici.

Sintranje in toplotna obdelava potekata v vakuumu ali
zaslitni atmosferi. Sintranje naj bi zagotovilo magnet z
visoko gostoto, od Cesar je odvisna predvsem reman-
entno magnetenje, brez odprte poroznosti, ki je lahko
vzrok za oksidacijo in korozijsko nestabilnost magneta.

S toplotno obdelavo povetamo predvsem koercitivno
silo.

Trend novih tehnologij je v zmanjsanju tehnologkih sto-
penj osnovnega postopka ali v zamenjavi posameznih
tehnoloskih stopenj z novimi.

Hladno stiskanje

Pri hladnem stiskanju!'? lahko kot vioZek uporabljamo
trakove dobljene z ultrahitrim ohlajanjem, mikrokristali-
nitne mehansko legirane prahove ali pa prahove do-
bliene s HDD postopkom. Prah zmesamo z vezivom
(epoksi smole, najlon, silikonska gumay) in htadno stis-
nemo s tlaki od 600 do 700 MPa. Postopek je shema-
titno prikazan na sliki 6.a.

Doseze se ponavadi okoli 85 % teoretiCne gostote
Nd:Fe14B, posledica tega pa s¢ manjse magnetne last-
nosti glede na izhodni prah. S tem postopkom dobimo
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VEZIVO

Slika 6:  Obdelava prahov z a) hladnim stiskanjem,( P{j}

vrodim stiskanjem in c) utopnim kovanjem

izotropne magnete, kijih ni potrebno dodatno mehansko
obdelovati, magnetnih lastnosti B, = 0.7 T, Hoi = 1114
kA/M in (BH)max = 72 kJ/m3. Mikrostruktura vzorcev je
shemati¢no prikazana na sliki 7.a.

Kot varianta hladnega stiskanja se uporablja za viozek
prah, ki je predhodno obdelan v plazmi®*®, ki prah ogisti
in aktivira za stiskanje s 30 MPa. S tem povetamo B za
50 mT.

Vrode stiskanje

Postopek vrodega stiskanja''? poteka brez dodatkov
veziv,s tlakom okoli 100 MPa pri temperaturi okrog
700°C v argonu (slika 6.b). Stopnja deformacije je nizka,
toliko da dosezemo obliko, proces poteka nekaj minut.
Doseze se 100% TG. Kot vlozek uporabliamo amorfen
prekaljen trak , ker med procesom zaradi temperature
pride do rasti zrn, tako da je konéna mikrostruktura
podobna mikrostrukturi optimalno kaljenih trakov samo
zrna so vecja (slika 7.b).

208

50um

st

Slika 7: Shemati¢en prikaz mikrostrukture a) hladno

stisnjene, b) viade stisnjene in ¢) utopno
kovane z/it/'ne['%:

Stopnja magnetne anizotropije dobljenih magnetov je
majhna, okrog 10% razlike med smerjo vzporedno smeri
stiskanja in pravokotno na smer stiskanja, magnetne
lastnostipa so Br= 0,8 T, Hei = 1353 KA/m in (BH)max =
80 do 150 kJ/m®.

Varianta vroCega stiskanja amorfnih ali mikrokristali-
ni¢nih trakov je vroce stiskanje vlite zlitine ,Seiko-Epson
postopek'?, ki jo naknadno toplotno-obdelamo in do-
sezemo magnetne lastnosti Br = 1,25 T, Hei = 800 kA/m
in (BH)max = 285 kJ/m®.

Utopno kovanje (die-upset forging)

Pri utopnem kovanju gre za mehansko preoblikovanje
vroCe stisnjenega vzorca pravokotno na smer stiskanja
(slika 6.c). Proces poteka pri okoli 700°C in tlaku 600
MPa('? . Bistvena razlika med vro&im stiskanjem in utop-
nim kovanjem pa sta hitrost in stopnja deformacije.
Proces poteka nekaj sekund z velikimi redukcijami za-
¢etne viSine - do 75 %.
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Vzorec je magnetno anizotropen - 85 % razlike v mag-
netnih lastnostih paraleino in pravokotno na smer ko-
vanja - in ima magnetne lastnosti = 1,35 T, Hei = 875
KA/M in (BH)max = 320 kJ/m®.

Mikrostruktura kovanega vzorca je prikazana na sliki
7.C. '

Rotacijsko kovanje (rotary forging)

To je postopek hladnega kompaktiranja za izdelavo
plastiéno vezanih magnetov!'®).

Shemati¢no je aparatura prikazana na sliki 8. Postopek
teCe prisobnitemperaturiv argonuintraja nekajsekund.
Zaradi kratkega Casa stiskanja in dobrega odvajanja
toplote ne pride do lokalnega pregrevanja vzorcev, ki bi
povzrocilo rast zrn.

Kot vioZek uporabljamo zmes iz 90% prahu iz hitro
ohlajenih trakov in 10% veéziva, ki je navadno mehka
kovina v prahu kot npr. Al. Parametri, ki jih lahko kontro-
liramo so pritisk koni¢nega bata (p = 0.7 do 1,3 MPa) in
podajanje matrice.

Pripostopku doseZzemo 100% TG in magnetne lastnosti
B =1,05T, Hei= 1150 KA/m in (BH)max = 230 kJ/m°.

NAKLON BATA
/Jel//

| SMER VRTENJA

w'/*// BATA
| KONICNI BAT
e ‘7_."’ P e VZOREC -PRAH
_'1‘_.‘:.:.,-
[
i\ 1 MATRICA

SMER VRTENJA

|
J}/MATR:CE

' OSNA SILA

T/

CONA
DEFORMACIJE

Slika 8: (15)

Shema naprave za rotacijsko kovanje
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Ekstruzija ("Grenoble" postopek)

Odvisno od izhodne zlitine je lahko ekstruzija'® v hiad-
nem ali v vroCem. Pri postopku v hladnem uporabljamo
atomiziran prah, ki ga enkapsuliramo il nato hladno
ekstrudiramo. Temu sledi toplotna obdelava in odstra-
nitev kapsule.

Pri postopku v vro¢em, pa izhajamo neposredno iz viite
zlitine. 1ztisnjence po iztiskanju Se toplotno obdelamo.

Dosezene magnetne lastnosti so v obmodju B; = 0.7 do
0.8 T, Hei = 950 do 1200 kA/m in (BH)max = 150 kJ/m®.

Vlivanje in toplotnd obdelava

To je varianta Seiko-Epson postopka‘'?, ki je s tem
postopkom najbolj zreduciral tehnoloske stopnje prika-
zane na shemi 3. Pretaljeno in vlito zlitino z dodatki Cu
in Pr direktno toplotno obdelamo in dosezemo mag-
netne lastnosti B, = 0,6 do 0.8 T in Hci = 950 kA/m.

SMERNICE RAZVOJA

Osnove izpopolnjevanja starih tehnologij in razvoja no-

vih lahko strnemo v slededih to¢kah: ,

— lzdelava mikrokristalinicnega hitro ohlajenega tra-
ku, ki bi bil magnetno anizotropen Ze po samem
postopku hitrega ohlajanja brez dodatne mehanske
ali toplotne obdelave.

= Zmanj$anje zapletenih, dolgotrajnih in energijsko

potratnih tehnoloskih faz postopkov (drobljenje,sin-
tranje, toplotna obdelava).

- lzdelava zlitine, ki bi izkazovala magnetne lastnosti
Ze po samem vlivanju ali pa v kombinaciji s kratko-
trajno toplotno obdelavo.

Izkugnje zadnjihtrideset let pa kazejo''”’, da je prej odkrit

nov material, nova zlitina, kot pa so izkori¢ene teore-

titne moznosti starega materiala.
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GALs - GENERIC ARRAY LOGIC (Part lll)
(A member of PLDs family)

Zlatko Bele

KEY WORDS: Programmable logic circuits (PLDs), integrated circuits, Aplication specific integrated circuits (ASIC), EECMOS, Qutput Logic Macro
Cell (OLMC), GAL

ABSTRACT: In previous parts of the article an overview and detailed architecture of GALs has been presented.Part |l deals with programming
software and hardware for GAL devices as well as programming example. A way of emulating conventional PAL devices with GAL devices is also

presented.

GALi - Generi€ne logi¢ne mreze (lll.del)

KLJUCNE BESEDE: programabilna logina vezja (PLDs), integrirana vezja, vezja po naroéilu (ASIC), EECMOS, izhodne logiéne makrocelice
(OLMC), GAL .

POVZETEK: V prvih dveh delih ¢lanka je bil podan pregled in podrobna zgradba GAL programabilnih logiénih vezij, tretji del pa opisuje programska
in strojna orodja za programiranje GAL vezij skupaj s konkretnim primerom programiranja.Podan je tudi nadin emulacije konvencionalnih PAL vezij
z GAL vezji. ‘

1. INTRODUCTION The development of compiler based software inthe early

80's wasthe response to the need for more flexibility and
Apperance of first PLD devices (bipolar PAL’s) falls into utility in development tools. The original packages were
early 70’s. At that time this devices had a quite difficult developed by third-party manufacturers, not device ven-
time being accepted by system’s and board designers dors, with the goal of supporting all device types and all

manufacturers. This original packages as "CUPL" from
Personal CAD systems and "ABEL" from DATA 1O
devices after extensive analysis of the design require- Corp. had the capability of logic equation minimiza-
ments. This was a slow and cumbersome process requir- tion,macros truth table and state machine syntax and
ing the designer to learn the architecture of many differ- self-documentation. '

ent devices in addition to the fact that logic errors could
not be automatically identified.

due to the lack of good programming software. It was
necessary to load each individual fuse location into the

The latest advance in the PLD development software
has occured in the mid-80’s. These programs allow

Development and availability of user-friendly and func- schematic capture using pre-programmed macros in the
tional software tools .had the main contribution 'to the software which allow a designer to simply create a logic
};?;ngggous upsurge inthe usage of the PLD devices in shematic as the input to a translator. The translator

‘ converts the graphic representation to a network list that

is then compiled to the fuse maps by the software tool.
All the other functions of the software such as logic
minimization are then available to streamline the design
before it is downloaded into a device. The most widely

The most popular early assembler based programming used of these tools are "CAE-1" from Personal CAD
s nd "DASH" { DATA I/0.
software for PAL devices was PALASM from Monolithic ystems a SH" from /0

Memories. This assembler allows inputs only as Bo-
olean equations, has a difficult command structure,
allows equations only in SOP (sum-of-products) format,
works on PAL devices only and has no intelligence i.e. 3. HARDWARE TOOLS
unable to do logic minimization or identify specific device
types which will or will not work with a given set of

2. SOFTWARE TOOLS

Boolean equations. The most severe restrictions of this The hardware used to program GAL devices can be
type of approach was the inflexbility of the software to divided roughly into two types:

work on other vendors devices thus forcing designers to

fearn many different assemblers in order to have more a) Universal programmers

than one device supplier to choose from. b) GAL-only programmers

211
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a) Universal programmers

In this case "universal” means with respect to PLD
devices only, this terminology should not be confused
with the broader sense of "universal' programmers,
meaning those that program EPROM memories or
EPROM arrays in microprocessors as well as PLD’s.

In these category of universal type programmers are
those from DATA /O and STAG MICROSYSTEMS as
well as many others. These programmers support many
different PLD devices, including ECL, CMOS EPROM,
standard bipolar PALs and GAL EECMOS device types.
These universal programmers also support many ad-
vanced functions such as test vectors, register preload,
and even automatic chip handler control in a production
environment.

b) GAL-only programmers

Main advantage of GAL-only programmers is, of course,
their low price. Well known vendors of such program-
mers are QWERTY and PROGRAMMABLE LOGIC
TECHNOLOGIES. The QWERTY also supports test
vectors and registers preload for full functional testing of
GAL devices.

The type of tool choosen should reflect the environment
it will be used in. This means that GAL-only programmer
could be considered in an operation where GAL only
development and small volume production is occuring
in a situation where a low-cost evaluation and pro-
gramming of GALs is necessary. However in a large
development lab where many types of PLDs are being
evaluated or a high volume production environment
where automated handling of devices is necessary, a
universal type programmer with chip handler may be
more appropriate. A prime consideration should also be
the necessary functions of the programer as well. For
example altough a 100% programming yield of GAL
devicesis guaranteed by vendor, test vector and register
preload capability is recommended for the designer to
verify that the device is doing exactly what was planned.

4. PROGRAMMING PROCESS

Programming GAL device is the process of providing it
with so called "JEDEC" file. This file has got its name by

the standards organization JEDEC with the represen-

tatives from major semiconductor companies onits com-
mittees, which has approved a standard for the inter-
change of PLD data. So JEDEC file is used as the
medium of transfer from the development computer
environmentto that of the hardware device programmer.
Included in the file are control bits that determine the
status of programming cells, status of security cell, test
vectors and data-transsmision checksum. Test vectors,
it included, indicate the stimulus and response fora PLD
and serve primarily to validate the functionallity of a
design source file.

JEDEC file is written into the device by applying a series
of specific voltage pulses."Responsibility” of the pro-
grammer manufacturer refers to his ability to provide the
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correct voltages and timing pulses and make the correct
measurements on the outputs,if applicable,for the de-
vice.

JEDEC file is produced from a design source file which
is written in a specific syntax and compiled with a
compiler based programming software. As mentioned
before one of the most known such a software is that of
CUPL from Personal CAD systems.

First what we have to do developing a design source file
using CUPL or in general some other development
software is to tell the software which type of GAL device
will be used. Then entry of some optional informations
such as company name, design description, designer
name is provided.

The device pinout and pin labels need to be specified
next. Convenient names should be used since the soft-
ware doesn’t care what the pin is called as long as we
are consistent. Pin definition example is as folows:

/* inputs * /

pin (1,2) = { A, 1B);

/ * outputs */
pin (18,19) = (Y,1Z);

it is also a good idea to specify pin names in a format
that is consistent with the actual pin state. in the above
definitions, signals A and Y are active high, while B and
Z are active low. An eclamation point prefixing label is
used to indicate active-low data signals. The use of
active-high variation of these signals in subsequent
design statements will automatically be resolved by the
software compiler.

Entry of logic functions is next. Traditionally, this entry
is in the form of Boolean equations. Current revisions of
CUPL software allow truthtable, state-macine and she-
matic-entry formats, as well. In example below a tradi-
tional equation-entry format is used to create an AND
function on Y (pin 18) and an XOR function on Z (pin
19). Since Z has been defined as an active-low signal,
however, function on pin 19 is actually XNOR:

/ * logic equations * )
Y=A&B;
Z=A&B#A&IB;

The opeartors used in the CUPL language are "" for
invert, "&" for the AND function and "#" for the OR
function. The equations are written exactly as needed.
All of the inversions for active-low inputs and outputs will
be automatically resolved, a routine procedure for the
compiler software. Altough these are simple equations,
if they had been complex ones that needed automatic
reduction to a specific number of product terms for a
given PLD, the software would have performed that
reduction, as well.

Next, the CUPL compiler needs to be-invoked to pro-
cess the " source" file. Through compiling process a
JEDEC file is produced together with so called "do-
cumentation file". The purpose of this file is to provide a
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Fig. 1 Basic Logic Gates
hard-copy documentation of the final (reduced) equa-
tions, the cell map and chip diagram, if desired.

As an actual example an implementation of the basic
logic gates AND, OR, NAND, NOR, and XNOR (see
Figure 1) in a GAL16V8 device is presented next.

Since 12 inputs and 6 outputs are needed (Figure 2), 2
Output Logic Macrocells (OLMCs) must be configured
as dedicated inputs and 6 as dedicated combinational
outputs. Programming software automatically handles

this task. Active-high or low outputs are no problem.

either, becouse of the programmable polarity feature of
the GAL16V8.

Figure 3 shows a CUPL design input source file as it has
to be prepared to program GAL16V8 with basic logic
gates from Figure 1.

Once this file is compiled with CUPL compiler a JEDEC
file as shown on Figure 4 is produced. Zeros inthe cell’s
field represent active cells.

Detailed and complete cell map or so called ‘fuse piot’
for mentioned example is presented on Figure 4. As can
be seen all inactive cells have to be programmed.

As mentioned, for testing the functionality of the device
and design verification a "test vectors" has to provided
by means of CUPL simulation file. In this case JEDEC
file includes also test vectors. Both files are shown on
Figure 5 and Figure 6 respectively.

At the end of programming process a 'documentation’
file is generated which consists of:

-~ Expanded product terms ( Figure 7 )

-  Symbol table (Figure 8)

- Chip diagram (Figure 9)

- Fuse plot (allready shown on Figure 4 )

The patterning of the GAL device array is done using a
parallel programming scheme. This allows the device to
be programmed very fast and in fact is less than a
second on most programming hardware. This is up to
an order of magnitude faster than device using the

UV-CMOS approach. During this programnming cycle,
the logic array, the architecture matrix programming and
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8 — Vec

GND -— K

Fig. 2 GAL16V8 Basic Gates Pinout

Name GATES;

Partno 00001

Qate 29/06/87;

Revision 01;

Designer ALBERTO; .

Company 565-THOMBON Mioroelesotronics

Assembly C AT,

Location PLZNT;

FORMAT JEDEC;
/*X*X*tlX*X***K******K*******x*******x**********l*****k*l**********/
/x *x/
/* BASIC GATES INPUT FILE x/
/% */
/¥X*****X****#X******X***X**#*xX*******X******x*****************lt*/

/* Allowable Target Device Types: Gi6V8 *x/
/x**x**xx*x**xt*x*x*x***x**xtxx***x*xxx*xx*xx***xtx*x*x*x*x#*x**xtn/

/%% Inputs *x/

Pin [19,1] = [A,B] /% INPUTS AND */
Pin [2,3} = {c,D} /* INPUTS OR */
Pin (4,5) = [E,F}] /% INPUTS HAND */
Pin [€,7) = [G,H] /* INPUTS NOR x/
Pin £8,9) = [I,J] /* INPUTS XOR */
Pin [11,12] = {K,L] /* INPUTS XNOR */
/¥*  Outputs xx/

Pin 18 = U /% OUTPUT AND x/
Pin 17 = Vv /* OUTPUT OR */
Pin 16 = W /% OUTPUT NAND x/
Pin 15 = X /* OUTPUT NOR */
Pin 14 5 Y /* OQUTPUT XOR ox/
Pin 13 =2 /* OUTPUT XNOR x/
/** Declarations and Intermediate Variable Definitions **/

/‘** Logic Equations *x/
U=A3&B /% AND x/
V=C#D /* O R */
W= I(E & F) /% N AND 'y
X = I{G # H) /% N OR x/
Y=1I18%UJ /* X OR */
Z = (K $ L) /% X N OR */

Fig. 3 CUPL Design Input File

the verify cycle are executed. The verify cycle check
programming and margins conservatively such that a
minimun data reteintion of 20 years is ensured.
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Fig. 4

Fig. 5

Syn 2192 - AcO 2193 x
Pin #19 2048 Pol x 2120 Act - Pin #t5 2052 Pol x 2124 Actl x
0000  XXXXXXXXXX)XXX)XXXXXXXXXXXKKXXKX XX 1024 - ———-—---=—-—-~—~ X———mmmmmmmmm—m
0032 XXXXXXXXXHKXXXKXX XX XX XXXXKAX KKK KX 1058 ——m e o e X o e e
0064 XXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XX 1088 XXXXXXXXXXXXXXRARAAAAAKKXX XXX XX XXX
0098  XXXXXXXXXXXXXXXXKXKXKKKKXKXKKARAXX 1120 XKXXXXXXXXXXXXX KX KX ARARKKRKKKAAKRKK
0128 XXXXXXXXXXXXXXXXXXXKXXXH XK XXX KX X 1152 XXXXXXXXKXXXKX KK KX XXX XXX XX XXX XXX
0180 XXXAXAAXXXXAAKKXKAXAKAXAKKXXXXX XX T84 KXXXXX KK KKK AAXX KKK X KKK KKK XK XXXXX
0192 XXXXXXXKXXXXXXKXXEXKKXXXAX KKK XXX 1216 XXXXXXXXXXXXXXKXX XXX XX XXX KRR KX XX
0224 XAXXKKAXKKXRAXXKRXXKKKXX AKX KKK KKK X 1248 XXXXXXXXXAARKXKXKRX KK XXX AKX KK AKX
Pin #18 2049 Pol - 2121 Act x Pin #14 2053 Pol - 2125 Act x
0256 ~~X———Xm—o—mm o mm oo 1280 ~— o mmm o m s e e e X=X =
0288 XXXXXXRXXRXXXXRXXXKXARRXXRXXXXXKX X 1312 ~~--
0320 XXXXXXXXXXAAARKKXKKXKKXKX AKX KA KK X 1344 XXXXXAKKAKKKKAXKXXKAKR AKX KKARKAX A
0352 XXXXXXXXKAXXKAXKXXHXXKXXHXKXXXXXXKX T376 XXXXAAXXXARARXAAXXAKKAAAXKKXXX XXX
0384 XXXXXXXKXXXXXKKAXKAKRKKKX KX KX KKK XX 1408 XXXXXXXKXXXAKKXAKLXKXKAKKAXX AKX KK
0418 XXXXXXXXEKXXXXXXXXXKKXXXXKXX XXX XXX 1440 AArXXXXXXARXKXKXXXX XX XX XXX XK XK XXX X
0448 XXAXXXXXAXXHKXKXKXXKAAXAXKX KX XA XXX 1472 KAXRKAAKXXXKXAXKKKAXKKKARXRXKX KKK KX
0480 XXXXXXXXXXXXXXKKKRNXKKAXXXKKXAKXKXX 1504 RXXXX XA KR X AKKRX KR KKK XHKKKXX K XXX X
Pin #17 2050 Pol - 2122 Ac! x Pin #13 2054 Pol x 2126 Acl x
0512 Xormmmwm s s s s 1536 ~mmm e e X~ = n=
0544 ——~mXm—m s e 1568 —m v s s s s m e e e
0576 XXXXXXXXXXXXXXXXXEXXXXKXXKXXKXXXXXX 1800 XXXXXXXKXXXXKKKXK XK XX KX KKXKKKKKX
0B08 AXXXXXXXXKAXXKARKKKARKRXK XXX KA XX KK 1832 XKAXAXAXKRRARXKXRXKXX KX XX R AAAKXKAR
0640 XXXXXXXXXKKXXXXXKIKKXXKXKKXXXXXXXX TO64  XXXXXX XXX XXRRNK XXX KKK XX KKK XX KX KK XX
0672 KXXXXXAXXXAXXXXXKAX KX XAKXXX XXX XX 1696 XKXAXKAXXKKKKKX XXX KK KX KK AAKAARKKKX
0704 XXXXXXXXXXXXXXXXXXXXXXKXXXRXXX XXX F728 XXXXXXXXXKARKKAXKKKKXXXXX XX XX AXX
0736 XXXXXXKX XK AKX ALK KX KKK KKK AKX KK KK X F760 AXXXXAKXRXXXKXKRKX XX AAKKXHAAKX KK KKK
Pin #16 2051 Pol x 2123 Act x Pin #12 2055 Pol ~ 2127 Act -
0768 ~—-—------ D i 1732 AXXXXARRKAAXRARKRARKRKAKARRAKKRK XXX X
0800 XXXXXXXXXXXXNXXXXXKKXXKXNXXXX XXX KX 1824 XXXXARXXXXXKRXKKKKXX KKK XX KX KKX KKK X
0832 KXXXXXXXXXAKKRRXXXKKAXKKARXX XXX X 18586 XAXAXKAXKXXXRARARKKARAARKXK KKK NAKA
0864 XXXXXXK XN XX K XXX XXX XX XXKX XXX KX XXX XX 1888 XXXXXXXXXXXXXKAKARRNXAAKXKXAXXXXAX X
0896 XXXAXXXXXKXXKKAXX XXX KAKXRKK KA KL AK F920 XXXXAXXXXAKKXXKXXARRAKKARAXK KX XK K
0928 XXXXXXXHXXXXKXXXXKXXRXXXKKXKX KX XX FOEZ AXXXXLXAXK KR K KKK XK XN RRK KX KK KK KRR
0IB0 XXXXXXXK AR KA KKK KKK KX K XK KX ANK KKK X FO84 KAXIXXKKXKXKKAKARXXXKKXKXKKKXX KKK X
0992 XXXXXXXXXXKXXXXKXXX)XXXKNX KKK XX XXX 2018 XXXRXXXXXXX K XK XXX KX XK XK XXX KX XXX X X
LEGEND X fuse not blown
CUPL Fuse Plot - : fuse blown
CSIM Version 2.11b Serial# 5-00001-154
Copyright (C) 1983,1986 Personal CAD Systems, Inc.
CREATED Fri Sep 18 17:15:04 1887
LISTING FOR SIMULATION FILE: GATES.si
i: Name GATES;
2: Partno 00001;
3: Revision 01;
4: Date 28/06/87;
5: Designer ALBERTO;
6: Company SB5-THOMSON Microelectronies
7. tocation PLZNT;
8: Assembly PC AT;
3: Format JEDEC;
1O/ FRKKKKK K KKK K oK KK K oK oK K HOK KK K K K K K K oK K K KKK KK KK KK KKK K K K OK KK K K KKK KK KK ok K0k /
11 /% x/
12: /* BASIC GATES SIMULATION FILE */
13: /% x/

14: /****************************************************************/

15: /% Target Devices: G16V8 */
1B 1/ RRAKA K AR A KK KKK KK KKK KK KK oK oK K ok 3 K 3 K o ok o ok K o o K KoK oK oK oK KKK K K K oK oK oK K 3K K oK K ok /
17:
18: .
15: Order: A,B,%2,U,%3,C,D,%2,Y,%3,E,F,%2,W,%3,G,H,%2,X,
%3,1,J,%2,Y,%3,K,L,%2,7Z;
20:
21:
Simulation Results
N X
A A N X N
N O N 6] 6] C
AB D cb R EF O Gh R 4 R KL R
0001: 00 L 00 L 00 H 0 H o L 00 H
0002: 16 L 10 H 10 H 10 L S H 10 L
0003: 01 L 0t H 01 01 L 01 H H L
0004: 14 H 11 H i1 L i L 11 L 11 H

CUPL Simulation File

214



Informacije MIDEM 20(1990)4, str. 211-215

Z. Bele: GALs - Generic Array Logic (Part i)

215

00K K 0 3K 2K K 3K K K K KK KR K K KK K 3k K KOK XK KK K 3K K K k9K K K K K K e K K ok K K K K KK K Ok Kk
GATES

CuPL 2.11b serial# 5-00001-154 KKK KKK K KoK K KKK KKK oK 3o KK KoK KKK KK 3K K 3K KKK K KKK
Device gtév8s Library DLIB-f~23-8
Created Fri Sep 18 17:07:25 1987 cupPL 2.11b Serjal# 5-00001-154
Name GATES Device gi6v8s Library DLIB-f-23-8
Partno 00001 Created Fri Sep 18 17:07:24 1987
Revision 01 Name GATES
Date 29/06/87 Partno 00001
Designer ALBERTO Revision ot
Company S85~THOMSON Microelectronics Date 29/06/87
Assembly PC AT Designer ALBERTO
Location PLZNY Company SB5-THOMSON Microelectronics
*QP20 Assembly PC AT
*QF2194 Location PLZN1
*QV4
*G0
*FO Expanded Product Terms
*L0256 11011101111 111111111 111111111411 SSSEETEEISSSRSSSZSSISSSSSEESSSSiSSSooooSsEasxsszsaszoos
L0512 O 111 1111114114419 1130157154113 .o
*L05644 11 i0 It I I I It I I It I111t v o=
*LO768 1111111101130 1111118181531 1141% A& B
FLT024 111118ttt i 1101 111113111111 _
L1056 111181111111t 1131iCT 1451884111 vo=>
L1280 1111441181841 11111111110711101%4 ¢
*L1312 1114191 1111111111111111110110111 #D
XLIE36 113181110 it 1111119481§1141401101 W o=>
AL1568 111111111111 1411144114111011110 - E & F
*1.2048 01100100000060000000000000000000
*L2112 0000C00001000000 1111411111 1141114 X =»
FL2144 1T e sttt ittt t1911111 e}
L2176 11311111111 8114310 #H
*C2F02
TP 1 23456789 10 31 12 13 14 15 16 17 18 13 20 Y =
*VO00t O0O0Q00QONOOHLHHLLON I & tJ
*V0C0Z 01C101010NTOLHLHHLIN 80T & 4
*V00G: 101010101NOTLKLHHLON
*VO004 111313811 INTIHLLLUHHIN 2 =3
*DFOC K & IbL
# IK & L
Fig.6  CUPLJEDEC File with Test Vectors Fig. 7 CUPL Expanded Product Terms
R HK KKK K KKK KKK KK KKK KKK
* * % *
KKKK KKKk
8 % 1 20 x vVCC
KKK *E KK
* GATES *
KKK . KR KK
cC x 2 19 % A
EEEESSSSSSEISSSSISSSISISSSRSESIRSSSSSSSSSSSSSSSSEGSRSESSSINSISSSSSSZSSISSIssos. KKK KK
Symbol Table * *
KKK KKk
D x 3 18 * U
Pin Variable Pterms Max Min *KKK KKKk
Pol Name EXL Pin Type Used Pterms tLevel X *
___________ — — ——— B e T T KKK KK
E % 4 17 x v
A 19 % - - - KKK KKK
8 1 \ - - - * *
c 2 v - - - Rk kK *o KK
0 3 v - - - F x5 16 * W
E 4 3 - - - KXk Kok ok
F 5 v - - - * *
G 8 \ - - - *EKK FAAK
H 7 v - - - G *x 6 15 x X
I 8 v - - XK Kk * XKk
N 9 v - - - * *
K i v - - - EE ST KKk
L 12 Y - - - H x 7 14 %Y
U 18 v 1 8 1 KKK EET S
2N 17 v 2 8 1 * *
W ) v 1 8 1 * KKK ETTTY
X 15 v 2 é i I %8 13 % Z
Y 14 v 2 8 1 KEKK Ak K
b4 13 v 2 8 1 x x
KKK XXX
J *x g 12 x L
LEGEND F field o} defaull variable M : extended node - R
N : node I intermediate variable T : function % *
V : variable X extended variable U : undefined XKk KKK A
GND * 10 11 % K
KA KKK
* *
KK KKK R KKK KKK KK KK K KK KoK Kk koK
Fig. 8 CUPL Symbol Table Fig. 9 CUPL Chip Diagram
References: Zlatko Bele,dipl.ing.
MIKROIKS d.c.o.
SGS-THOMSON: Programmabie logic manula-GAL products Titova 36A
, 61000 Ljubliana
DATA 1/O: Programmable logic
Prispelo: 05.05.1990  Sprejeto: 20.11.1990
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THE LINE OF STYLUS SURFACE PROFILERS

FROM TENCOR INSTRUMENTS

GENERAL

Today research, development and process engineersin
many industries routinely measure a combination of
surface parameters on a variety of substrates. These
may be :

— semiconductor devices or integrated circuit wafers
— optical and magnetic disks

— hybrid circuits and ceramic substrates

— flat panel displays

— optical masks of any kind

—  paper and foil finishes

— polished surfaces ( glass, metal, plastics, ..)

— coated or painted surfaces

—~ precision machined surfaces of all kinds.

Surface parameters are measured to nanometer level
precision with stylus profilers which register vertical
motion while scanning horizontally over a surface.

The study and classification of surface texture have
been underway for approximately 50 years. The subject
is inherently complicated because of the large range of
size and shape of surface artifacts, as well as the variety
of surface generation methods. And this is driven by the
vast divergence of specific industry applications. Re-
searchers have generated numerous evaluation par-
ameters and at least 24 national standards committees
have assigned names and definitions to the measure-
ment parameters.

Variations in surface topography can be devided into
three general classes based on relative wavelengths of
the variations: form error, roughness, and waviness.
Form error is a deviation from a perfect realization of a

This illustration showes the relative values of

Figure 1:
form error, waviness, and roughness
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nominally specified shape. If a surface is nominally flat
its wave form error may be defined by the deviation from
flatness. However, if the deviation from flatness has
several lobes, then-the shape cannot be classified as
form error. Such error is called waviness. If there are
many hundreds of thousands of randomly shaped undu-
lations, this is called roughness. Representative illustra-
tions of these variations are shown in figure 1.

Many profilers such as P-1 from Tencor Instruments,
can separate data into roughness, waviness and raw
data traces as shown in figure 2. This separation is
particularly useful since multiple analysis can be taken
from single scan, which saves time and ensures that all
analysis data is obtained from a single measurement
area. Digital software filtering is employed to separate
the roughness data fromwaviness and form error inputs.

T
B T T e e

Waviness

Roughness

Data filtering available with the

band pass option

Waviness 1

VAV VAN
R

Waviness 2

Roughness

Data without software filtering
W

MMJ‘“W W

Data filtering available with the

Raw Data

standard software

Waviness

Roughness

Figure 2: The effect of filtering on scan data, P-1 profiler
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These class divisions are arbitrary in that the size of the
wavelengths involved depends onthe size of the sample
being considered. No sharp divisions can be drawn
between the categories. When wavebands of the ca-
tegories are naturally well separated, it is easy {0 sep-
arate their outputs using filtering techniques for separate
analyses. An example of this would be a form error = 1
to 3 waves, waviness = 25 to 80 waves, and roughness
= 500 to 5000 waves. When there is a continuum of
wavelengths, there is no way to separate the categories
without significant data distortion. In this situation, the
user must find a method of data analysis which is
effective in controlling surface quality for the specific
application. :

A DEFINITION OF ROUGHNESS

Most development in the research of surface analysis
regards the measurement and calculation of roughness.
The earliest parameter to be developed was roughness
average (Ra), which is thé aritmetic average of the
absolute values of the profile height deviations. These
values are taken within the sampling length and are in
reference to the graphical centerline. Ra is defined by
the following formula per the ANSIJASME standard,
figure 3.

L
Ra:folyldx

Centerline (y) ———e —-

(not shown on
the screen)

Figure 3: Definition of roughness average

Bad Bearing Surface

(CLA) R, = 0.25a
(RMS) Rq = 0.58a
A

where Ra = arithmetic average deviation from the
centerline

L = sampling length

y = ordinate of the curve of the profile

Ra provides a good representation for a scale of rough-
ness which is symmetrical about the centerline and has
a Gaussian distribution of peak and valley heights. It
contains little information about the nature of the rough-
ness, however, and often fails in application correlation,
see figure 4. :

Note that surfaces A and B produce the same Ra value
eventhough A is obviously more rough andis a very bad
bearing surface while B is an excellent one due to wear
considerations and ability to retain lubricant. A different
roughness parameter, Rq, more accurately shows a
36% reduction for B since it is defined as the Root Mean
Square (RMS) average rather than the arithmetic aver-
age. RMS (Rq) is defined per the ANSI/ASME standard
as:

Ag=T [ yax

Squaringthe y values gives emphasis to the large values
of y versus the small values so that a distinction is made
between surfaces A and B. Many other parameters have
been developed in order to improve the correlation
between a parameter value and a particular surface
performance.

Position of
Measurement Cursors

Good Bearing Surface

R, = 0.25a
Rq = 0.37
B

Figure 4: Raprovides a good representation of for a scale of roughness which is symmetrical about the centerline and it has a

Gaussian distribution of peak and valley heights
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5 pm Radius
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fte e 15 m
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a. : A stylus measures surface characteristics

Figure 5:
b. : The display after 1000x compression

Stylus geometry can also affect the roughness data. If
the valleys on the surface are smaller in width than the
stylus diameter, they will not register on the trace or will
be greatly attenuated in height. The smaller the stylus,
the greater the indicated value of roughness will be.

BASIC FACTORS IN STEP HEIGHT
MEASUREMENTS

Most surface features measured on a profilometer are
much smaller vertically than are horizontally. In plotting
such features the vertical axis is exaggerated with re-
spect to the horizontal axis by factors as large as 80000
to 1. This horizontal compression is useful because it
allows the entire step to be seen at one time.

Forexample, as atypical stylus moves across a surface,
it may encounter a physical feature like that shown in
figure 5a., which after 1000x horizontal to vertical com-
pression is displayed in different manner, figure 5b.

The pictorial representation of an artifact is affected by
two factors : the dimensions of the stylus and the finite
bandwith of the instrument’s circuitry. These factors can
affect measurements of very fine line geometries. One
effect is an apparent loss of groove width and depth.
Another is rounding of profile features.

STYLUS SIZE

The size and shape of the stylus impose a lower limit to
the size of the grooves to be measured. Ideally, the
stylus should have a zero dimension horizontally. How-
ever, stress considerations require it to have some
~ dimension. It can be modeled as a 60 degree cone
rounded to a spherical tip with a 12.5 pum radius. In the
figure 6. is shown the path the stylus will follow in tracing
a grove, where R is the radius of the stylus and L is the
loss in groove width.

The stylus will follow a curve of radius R to a depth of
R/2 and then a 60 degree angle to the bottom of the
groove. This reduces the apparent width of the groove
being measured. The loss is most noticeable when the
radius is large compared to the groove depth. The table
and graph in the figure 7. show the relationship between
stylus radius and groove-width loss for a given groove
depth.
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10k A 10kA
| f J
— k—15um
©)
R
«WM'*—\/>»\ //-—«——--__
\ /
\ /
N _/
"“L/Q"W‘

Figure 6: The importance of stylus shape on dimensioning

The important implication of these figures is that small
radius styli should be used for substrates with very fine
line widths. Optional styliare available with 1.5t0 2.5um
radii and with sub-micrometer radii.

SURFACE CHARACTERISTICS

Basically, surface profilers provide an analysis of four
important surface characteristics, namely :

a) AVERAGE PROFILE HEIGHT, average height of the
profile section between the cursorsrelativeto abase line
gstablished by the intersection of the profiles with the
leveling cursors, figure 8.

b) TOTAL INDICATED RUNOUT ( TIR ), the difference
between the maximum and the minimum profile heights;
it is computed for the section of the profile between the
measurement cursors, figure 9

¢) ROUGHNES, previously discussed

d) AREA, the cross-sectional area of the profile above a
base line is displayed in square micrometers; the base
line extends between the intersections of the measuring
cursors and the profile; the line is not necessarily hori-
zontal - the angle depends on the positioning of the

cursors and the profile.

Three options are available for this parameter : positive,
negative and total, figure 10.

In addition to these, slope measurements, as well as
average difference mode and multiple scan and average
are available,
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Groove Width Loss, "“L" (um) for Different Stylus Radii and Groove Depths

Stylus Groove Depth (um)
Radius (um) .02 .05 .1 2 4 8 16 25 5 10 20 25
12.5 14 22 32 45 63 88 12 15 20 26 38 43
5.0 89 14 20 28 39 54 73 87 12 17 29 35
2.0 .56 89 13 1.7 24 32 42 52 81 14 25 31
1.0 40 62 87 12 16 21 30 40 69 13 24 30
0.4 256 39 63 69 92 14 23 34 62 12 24 29
0.2 A7 26 35 46 69, 12 21 31 60 12 23 29
0.0 02 06 12 23 46 92 19 29 58 12 23 29
. e e Sty
%0 L i i : Radius
| | | (um)
| : | | —125
40—
— 5.0
04— ——db— — 10
Groove Width Eg;g
Loss “'L"" (um) 0.0
20 4 — — — o —— = —
10 -
J
5 - l
I !
0 1 -1
012345 10 15 20 25
Groove Depth (um)

Figure 7:  The relationship between stylus radius and groove- width loss.

Average hcighl/

of proflle
between cursors,
(line not shown
on the screen)

Base line
automatically

established
during levefing.

Figure 8: Measuring the average profile height

Measurement cursors

SURFACE PROFILERS FROM TENCOR
INSTRUMENTS, see also the table

TENCOR Instruments designs and manufactures meas-
urement instrumentation for use in the semiconductor,
magnetic and optical disks, electronics, and precision
machining industries where precision metrology is re-
quired. Since first company’s profiler, TENCOR Instru-
ments is the leading producer of the state of the art stylus

— ._,_ —
TIR = Maximum minus I

(No base line is used.)
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¢

minimum height TIR
between cursors,

Measurement cursors

Figure 9: Measuring the total indicated runout ( TIR )

surface profilers in the world. In the table, basic configu-
rations, functions, performance, sampling handling, me-
asurement control, data storage, data analysis and all
available options for ALPHA STEP 200, ALPHA STEP
250, ALPHA STEP 300 and P-1 TENCOR surface profi-
lers are displayed and compared.

When you decide to by the profiler for your fabrication
facility, there are several things to consider. You need
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0.00

.00

Q.00

¢)

Figure 10: Measuring the area
a) positive
b) negative
c) total

to determine what your needs are, first : what kind of
accuracy you are looking for and do you want to measu-
re tight spaces or over long scans. In addition, repeata-
bility, data conversion rate and data processing capa-
bilities must be considered, as well.

Up till now, there was no such a profiler to satisfy ALL
your needs for every application you might have in your
facility. After introduction of P-1, the user has finally got
THE surface profiler of uncompared flexibility.

P -1, LARGE SCAN SURFACE PROFILER

The Tencor P-1 is a surface profiling instrument that
provides high resolution ( £ 0.1 nm, best ) measure-
ments on substrates with vertical geometries from 10 nm
to 280 um, continuous scans up to 210 mm, and data
recording capacity of 5000 to 6000 points per scan. The
0.1 nm resolution with computerized linearity assures
accuracy over a full dynamic range.

The profiler system is highly automated for production
use, but engineering flexibility is maintained through the
programmability of a built in PC/AT. it is intended for
evaluation of precision surfaces on which large scan
capacity is required, e.g. magnetic storage disks, semi-
conductors, hybrid circuits and flat panel displays, as
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well as surfaces in precision machining operations.
Highly sensitive and repeatable measurements can be
taken on glass, ceramic, plastic, paper or metal sur-
faces.

The machine stage holds samples up to 355 mmon a
side, 63 mm thick and 2.2 kg in weight. The stylus can
access any part of a sample within an 210 mm dia field
and profile it side to side without rotation. Samples larger
than 210 mm are measured half way and then rotated
to measure the remaining portion.

The sample is placed on the stage, and the door is
closed for protection against contamination, air turbu-
lence, and phonic noise. A vacuum grip may be switched
on to hold the sample in position during the measure-
ment. A motorized, rotary leveling system for automatic
sample leveling is available as an option. Pressing the
LOAD button automatically centers the stage under the
measurement head and lowers the head until the stylus
touches the sample. A video microscope image of the
stylus and sample appears on the screen with X-Y
coordinates overlayed.

Next, the operator selects arecipe fromthe menu screen
or chooses new parameters such as units of measure,
scan length, scan speed, stylus force, direction, and
vertical range. The START button is pressed and meas-
urement begins.

The video microscope displays the sample, stylus tip,

and preliminary scan data throughout the measurement.
The stylus remains stationary as the stage moves along
the x axis. Afterthe scan is completed, the stylus retracts
and the stage returnsto the precise starting point, allow-
ing for repetitive measurements.

The profiler is easy to use. Many functions are ac-
cessible through color screens organized around pull-
down menus and pop- up windows. Scan data can be
displayed in any combination of roughness, waviness,
or step height readings. Roughness and waviness tra-
ces canbedisplayed separately by applying any of eight
filters with "cut off lenghts” from 8 umto 25 mm.

P-1 OPTIONS

Band pass filter option allows definition of an inter-
mediate wavelength in addition to roughness and wa-
viness profiles. This option provides two user selectable
filters, for "longwave" and "shortwave" cutoff values,
instead of the single longwave cutoff which is standard
on P-1. In a regular data trace, wavelenghts that are
smaller than the programmable longwave cutoff value
are displayed as roughness, and larger wavelenghts are
shown as waviness. The shortwave band-pass cutoff
filter acts as an additional noise filter and is used to
isolate imtermediate wavelength components. This fea-
ture is especially useful in the manufacture of flat glass
panel displays.
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Software package for measurement of wafer film
stress allows measurement of process induced film
stress on semiconductor wafers. The software calcu-
latesthe average, maximum andcenter stress measure-
ments.

The new software capitalizes on the high precision long
scan measurements performed by the Tencor P-1inthe
computation of film stress. Calculations are made using
an equation for stress which is standard in the industry,
and several factors :

data from the difference between surface scans taken
before and after processing, and user input on substrate
type and film thickness. Elastic constant values can be
selected from stored constants for 11 common substrate
materials such as silicon, GaAs, aluminum or glass.
Wafer bow measurement is also displayed. All stress
meaurement output is in dyn/cm?. Analysis of the data
obtained can indicate changes needed to. eliminate
stress factors - thus potentially increasing yield.

Iinteractive 3-dimensional displays option produces
color coded 3-D plots created from a series of two
dimensional plots programmed at a fixed Y distance. A
unique interactive feature, "zoom rescan”, allows the
image to be zoomed and a rescan taken automatically
for higher resolution display of the selected area. The
"zoom recalc” function allows data analysis such as
average roughness, waviness parameters, or maximum
and minimum heights to be calculated for the selected
areas. The image canbe rotated for 360 deg. for viewing
in all directions. With the new software, a three dimen-
sional view of the surface and a user selected two
dimensional plot of a single scan are displayed together
onone easy to read screen. Related scan data such as
average roughness, step height, and maximum peak to
valley statistics are shown onthe same screen. The 3-D
display is colour coded to show the relative height of the
surface and can also be presented as atop-view contour
map. Any 2-D plot from within the 3-D area can be
selected for detailed analysis using the cursor keys or
trackball. The trace will be instantly displayed and cur-
sors can be moved for step height measurements.

Data automation software package takes advantage
of the 210 mm long scan capability of the instrument.
Different measurements can be made at selected seg-
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ments of the same scan by simply reprogramming the
cursor positions without taking a new profile. Software
for the optional motorized rotary/leveling stage is also
included. The motorized rotary allows the sample posi-
tion to be programmed in rotation with an accuracy of +
4umat 100 mmiromthe center and aresolution of 0.005
degrees. This adresses a number of applications such
asthe OD1to OD form error of a magnetic disk, and wafer
stress measurements over several diameters. Moto-
rized leveling greatly facilitates the task of mechanically
leveling the sample within the vertical measurement
range of the instrument. Vertical range can be con-
figured to +280/-20 um or -280/+20 um, as well as the
basic + 150 um, for greater total usable dynamic range.

In this software version, data summary statistics from
the measurement sequence such as mean, standard
deviation, minimum, maximum and range are automat-
ically computed and presented in a tabular format. This
data canbe easily converted into ASClI format for export
and analysis by many available spreadsheet or data-
base programs.

Profiler configuration for flat panel displays and
other large substrates accomodates up to 43 x 43 cm
substrates, such as flat panel displays, printed circuit
boards, and photomasks. The new open frame configu-
ration includes a removable environmental enclosure
that covers the front and sides of the measurement
stage. This helps to ensure very precise and sensitive
measurements below 10 nm. The cover has a plexiglass
front access door to allow the sample to be easily placed
on the stage. Measurements are made in 200 mm
diameter area which can be overlapped to allow access
to practically any portion of 43 cm substrate. Motorized
leveling and theta rotation of the stage are optional.

Such configuration allows the user to make long scans
aswell as characterize form, microwaviness, and rough-
ness across the entire surface with angstrom levels of
precision.

TENCOR line of profilers is distributed in Europe by John

P. Kummer AG, Zug, Switzerland. In Yugoslavia, con-

féact MIKROIKS d.o.o., Titova 36a, Ljubljana, Mr. Iztok
orli.
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Informacije MIDEM 20(1990)4, Ljubliana

KONFERENCE, POSVETOVANJA, SEMINARJI, POROCILA

SD 90

Letodnji 16. simpozij o elektronskih sestavnih delih in
materialih SD 90 je v organizaciji MIDEM potekal v ¢asu
0d18.do 21.9. 1990 v zdravilisu Radenciin v udobnem
okolju hotela A kategorije Radin. Pokrovitelj simpozija je
bila Tovarna elektronike, elektromehanike, anten in ka-
blov Elrad iz Gornje Radgone, ki se je vsestransko
izkazala ter poskrbela za prijetno pocutje udelezencev.

Glavna tema in poudarek simpozija je bil na materialih,
kar je naletelo na mocan odziv udelezencev (okoli 100).
Programsko- organizacijski odbor pod zelo aktivhim
vodstvom Darje Uvodi€ je izbral priviaCen program Ses-
tih povabljenih referatov: V. Pantovi¢ iz IRl El Zemun s
temo Materijali i tehnologije elektronskih kola, H. Stast-
na iz Research Institute of Mathematical Machines z
naslovom Some results of failure analysis of electronic
components and printed circuits, prof. D. Kolar z Uni-
verze v Ljubljani o smereh razvoja sodobne keramike za
elektroniko in I. Vivoda iz Rade Koncarja Zagreb o
uporabi galvanotehnike v proizvodnji delov za elektron-
ske naprave. Dva zanimiva vabljena referata sta sicer
natisnjena v zborniku simpozija, vendar sta zaradi od-
sotnosti predavateljev odpadla: I. Tabakovi¢ z Univerze
v Banja Luki z naslovom Organski poluprovodnici in N.
Blagojevi¢ iz Beograda s temo Staklo u optoelektronici.

Poleg tega je bilo prikazanih Se 50 raziskovalnih do-
sezkov naposterjih, ki so tematsko obravnavali nasledn-
je skupine:

— polprevodniski materiali, elementiin tehnologije

— debeloplastni materiali, elementi in tehnologije

— tanke plasti, materiali in tehnologije

— kerami¢ni materiali, elementi in tehnologije

~ optoelektronski elementi

- elektromehanski elementi ter ostalo.

K prikazu posterjev so po Stevilu najved prispevali avtorji
z Indtituta Jozet Stefan iz Ljubljane, Istrazivadko-raz-
vojnog centra £l iz Zemuna in z Indtituta za elektroniko

in vakuumsko tehniko iz Ljubljane, zapaZena pa je bila
tudi udelezba &tirih aviorjev iz CSFR. Sicer so sodelo-

vale elekironske in strojne fakultete iz Ljubljane, Nisa in
Novega Sada, Se nekateri inStituti ter industrija (Iskra in
El Ni8). Razprave in izmenjave izkugenj ob posterjih so
bile Zzivahne in zelo koristne.

V okviru simpozija so udelezenci zadnji dan obravnavali
Studijsko temo z naslovom "Logistika razvojnih pro-
jektov", ki sicer ni imela raziskovalne, pa¢ pa organiza-
cijsko-ekonomsko vsebino z namenom, da bi prisotni
spoznali probleme in domace izkudnje pri izvajanju raz-
vojnih projektov za nove izdeike (s podrogja elektronike
in elekirotehnike). Namesto avtorja R. Faleskinija je v
prvemreferatu R. RoCak podaltemo Poslovodna obrav-
nava RR projekiov. V svojem predavanju paje K. Sapac¢
zelo zanimivo prikazal metodologijo selekcije razvojnih
projektov v podjetju Elrad. Bilo je precej razprave o
uspesnosti sistema pa tudi o stimuliranju kadrov.

Organizator MIDEM je izkoristil priloZznost, ko je bilo
zbrano precej ¢lanov drustva, da je sklical redni ob¢ni
zbor, kjer so med drugim podelili tudi priznanja za aktiv-
no delo in sodelovanje z drudtvom podjetju Iskra-Center
za elektrooptiko iz Ljubljane ter Elektronski fakulteti Nig,
razen tega pa ge posameznim clanom: Alenki Rozaj-
Brvar, Mariji Kosec, Rudiju Babicu in Iztoku Sorliju. - Za
tem ko je predsednik Rudi Rocak podal porocilo o delu
drustva v preteklem obdobju, so &lani v zelo Zivahni
razpravi (zapazeni prispevki Lj. Pesi¢a, M. Goja, Jova-
novica, R. Rocaka itd.) spregovorili o problematiki stro-
ke, na primer o kriznem stanju v industriji in posebej v
mikroelektroniki ter predlagali konkretne akcije v bo-
doCem obdobju dela drustva. Predsednik je tudi porocal
o stanju priprav za MIEL 91 v Beogradu pod pokrovitelj-
stvom EI Ni$ ter o zacetih razgovorih za organizacijo
naslednjega SD 91 (z mozno lokacijo Ribno pri Bledu)
pod moznim pokroviteljstvom Iskre Feriti. Ob¢ni zbor je
izzvenel v prepricanju vseh prisotnih, da je pomemben
¢im bolj8i kontakt in sodelovanje med ¢lani drustva iz
vseh republik Jugoslavije, k Cemur prispevajo med dru-
gim tudi glasilo Informacije MIDEM ter konference kot
so MIEL in SD.
Milan Slokan
MIDEM
Titova 50, Ljubljana

POROCILO O SODELOVANJU NA ISHM-ITALY WORKSHOP

V dneh od 13-14 septembra 1990 sem se udeleZila
ISHM-ITALY WORKSHOP na temo: Povrginska mon-
tazav primerjavi z debeloplastno tehnologijo (razlogi za
izbiro tehnologije). Prisostvovalo je okrog 100 udele-
zencev iz razli¢nih dezZel zahodne Evrope, najve¢ pa
Clanov ISHM-italia. V dveh dneh je bilo 15 referatov na
tematiko primerjave tehnologije povrdinske montaze in
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debeloplastne tehnologije. Predavatelji so bili iz vodiinih
italijanskih firm, ki imajo proizvodnjo v obeh tehnologi-
jah: Marconi, ltaltel, Marelli Autronica, Alcatel Sud Lati-
na, Hybritec in Aurel, in znanih evrpskih firm: Saab-Sca-
nia (Svedska), Valtronic (Svica), Mitel (Anglija), DuPont
(Svica), Hoechst (Zah.Nemgija), Nokia (Finska).



Informacije MIDEM 20(1990)4, Ljubliana

V prvem referatu z naslovom:” Izziv za hibridno tehno-
logijo in kako ga obvladati®, je predavatelj Norlyng iz
Danske predstavil elektronska vezja za razlitne na-
prave, ki jih proizvajajo v tehnologiji povrsinske montaze
(SMT- surface mounted technology), hibridni izvedbi in
mes$animi tehnologijami (SMT, debeloplastna in tanko-
plastna). Vezja se uporabljajo v medicini in v merilnih
napravah. V nekaterih merilnih napravah so uporabili
hibridna vezja z golimitabletkami, zas&itenimi z epoksid-
no kapljo, chip kondenzatorje in SMD aktivhe kom-
ponente. Vezja izdelana v tankoplastni tehnologiji so
uporabili v napravah, kjer je potrebna velika stabilnost
vezja. Pokazali so nekaj primerov uporabe vezij v de-
beloplastni tehnologiji z uporabo polimernih uporov tis-
kanih na plasticni substrat in z nekaj golimi tabletkami,
bondiranih na vezje in potem zas¢itenih z epoksidom
(COB- chip on board). V tehnologiji SMT so prikazali
izvedbo velplastne tiskane dvostranske ploéée, na ka-
teri je razen SMT montaze komponent uporabljeno tudi
pritrjevanje klasicnih elektronskih komponent. Na koncu
$0 za uporabo v profesionalni prenosni merilni napravi
prikazalivezje, izbrano s tehnoloskega in ekonomskega
stalis¢a: tankoplastni upori na debeloplastnem dvos-
transkem vezju, ki so ga montirali na tiskano plos¢o s
polimernimi prevodniki in upori. V naslednjem referatu
predavatelja iz Marconi, Italia: "Debeloplastna tehno-
logija in SMT", so analizirane moznosti obeh tehnologij
pri izdelavi vezja za telekomunikacije in na podro¢ju
aeronavtike. Ce so komponente tipa ASIC v plasticnem

ohi§ju in je temperaturno podrogje delovanja vezij od

-20°C do 70°C, se lahko vezje izdela na plastitnem
substratu v vec plasteh. (Zahteve za termi¢no disipacijo
ne smejo biti velike).

V primeru,da so na vezju integrirane komponente v
kerami¢nem nosilcu tabletk, je vezje potrebno izdelati
na kerami¢nem substratu in v debeloplastni tehnologiji.

Mocnostno vezje ni ustrezno za izdelavo na plasticnem
substratu (FR4), zaradi slabega odvajanja toplote plas-
tike. V tem primeru se lahko uporabi veéplastno tiskano
vezje z dva kovinska sloja za napajanje in maso vezja.
Slaba stran pri tej izdelavi vezja je raztezanje plosgice v
smeri z, ki lahko povzro¢i lom metalizacije lukenj in
odstopanja notranjih slojev vezja. Preizkusi so pokazali,
da je najbolj kritiCen postopek spajkanja vezja zaradi
deformacije razlicnih materialov. Ceprav obstajajo ma-
teriali z manjsimi raztezki, ni potrebno uporabljati teh
dragih materialov, ¢e se optimizira postopek spajkanja
vezja.

Drugi moZen natin izdelave mo¢nostnega vezja je de-
beloplastnatehnologija na kerami¢nem substratu. Prob-
lem razli¢nega raztezka med substratom in kerami¢nim
nosilcem tabletk je manjsi kot na plastitnem substratu.
Problem toplotne prevodnosti je manj$i, ¢e je vezje
izdelano na plasticnem substratu z dvema kovinskima
plastema. V referatu H. Danielssona (Saab, Scandina-
via)" Primerjava med povezavo SMD komponent in
povezave silicijevih tabletk z zi¢ko", je avtor na osnovi
izraCuna verjetnosti odpovedi ocenil zanesljivost pove-
zave SMD komponent in povezave silicijevih tabletk z
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ZiCko. Primerjal je ASIC integrirano vezje, pritrjeno na
substrat z obema nacinoma povezave. Verjetnost od-
povedi vezja z ASIC komponentami, pritrjenimi v SMD
tehnologiji, je zelo odvisna od skupnega §tevila povezav
in verjetnosti odpovedi posamezne povezave. Verjet-
nost odpovedi vezja na katerem so ASIC komponente
pritriene v SMD tehnologiji ali z bondiranjem direktno na
prevodnik, je veliko manj$a v drugem primeru (za isto
$tevilo vhodnih in izhodnih povezav integriranih kompo-
nent). Avtor meni, da je resitev povezave ASIC kompo-
nent na tiskana vezja v bondiranju z Al Zi¢ko, alis TAB
(tape automatic bonding) postopkom.

Tabletke je najbolje zascititi s silikonsko zadgito. Eks-
perimentalni rezultati Qdpovedi vezja v firmi Nokia (Fin-
ska) kazejo Stevilo odpovedi 200-900 Fitov za vezja v
keramicnem ohisju in 190 Fitov za vezja s tabletkami,
zascitenimi s silikonsko kapljo. Primerjava cene inves-
tiranja v postopek pritrievanja s SMD tehnologijo in
bondiranje tabletk kaze manjse strogke v primeru pove-
zave tabletke z Zi¢ko.

Naslednji referat predavatelja L.Texiera iz firme Val-
tronic SA, Svica z naslovom:” PCB vs PCB", primerja
dve izdelavi vezja; tiskana vezja in tiskana vezja na
keramiCnem substratu. Na primeru izdelave vezja, ki se
uporabljav TV napravah za firmo Kodak so ugotovili, da
je postopek izdelave plosgice na keramiénem substratu,
na katerem so natiskali upore, najbolj ustrezen glede na
hitrost proizvodnega postopka, kvaliteto vezja in ceno.
Vezje vsebuje razen miniaturnih aktivnih komponent $e
7 silicijevih tabletk, za&gitenih s polimerno zasgito.

Referat, kiga je predstavil R.Garbella iz Italtela z naslo-
vom :"Skupaj, ali nasprotnikiv bodo¢nosti" primerja obe
tehnologijizaizdelavo vezij v telekomunikacijskih napra-
vah. Poudarjen je problem odlo¢itve za eno od obeh
tehnologij v ltaltelu. Prikazana je porazdelitev proiz-
vodnje hibridnih vezij v ltaltelu po posameznih podrogjih,
najvec 56% v komutacijah, 22% prenos podatkov, ostalo
20% prosto trzisCe (od tega 61% telekomunikacije, 34%
racunalnistvo, 31% avtomobilska industrija in 1% vo-
jasko-letalska industrija). Analiza strogkov v tehnologiji
SMD in debeloplastni tehnologiji kaze, da je prispevek
cene komponent vecji v SMD tehnologiji, ostalih materi-
alov enak in laboratorijski stroski vedji pri izdelavi vezij
v debeloplastni tehnologiji. Skupni strodki za enako
funkcijo vezja so nekoliko vedji v debeloplastni tehno-
logiji. Z lastnimi izkusnjami so pridli do nekaterih temelj-
nih parametrov priizbiri debeloplastne tehnologije: a) &e
so zahteve pri izdelavi vezja; - uporovno razmerje s
majhno toleranco

funkcionalno justiranje vezij

vedje disipacije modi

uporaba vezij v frekventnem podrog¢ju nad 10 MHz
inb) Ce je Stevilo uporov na vezju > 10-15
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Na koncu so podali rezultate ankete v 231 firmah v ltaliji
zakaj ne uporabljajo hibridnih vezij: 31% zaradi tradicio-
nalne uporabe tiskanih vezij, 34% ne pozna hibridne
tehnologije, 26% menijo da so neekonomitna in 9%
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zaradi uporabe SMT tehnologije. Na osnovi podanih
analiz so zakljudili, da za izdelavo vezij v telekomunika-
cijskih napravah obe tehnologiji nista konkurenca druga
drugi, temvec ju enakopravno uporabljajo pri izdelavi
vezij, odvisno od zahtev vezja. Se en prispevek aviorja
J. Gingell iz Anglije: "Uporaba hibridnih vezij v t{eleko-
munikacijah” poudarja izbiro debeloplastne tehnologije
v primeru zahteve za visoko kvaliteto vezij in v primeru
vezij z ve¢ upori v razmerju z ozko toleranco. Lahko se
izbere mesana tehnologija: tiskana plosca s SMD kom-
ponentami in hibridnimi vezji kot moduli. Cepravse SMT
tehnologija hitro razvija, ponujajo hibridna vezja resitev
v podrogju, kjer ni mozno zadovoljiti zahtev za kvaliteto
po zmerni ceni.

V referatu L. Benini iz Marelli Autronica z naslovom: "
Uporaba vezij v avtomobilski industriji in izbire v Marelli
Autronica", so primerjali obe tehnologiji za uporabo v
prostoru avtomobila in motorja avtomobila. Zaradi ved-
no zahtevnejsih pogojev funkcioniranja vezij v prostoru
motorja avtomobila, zahteve na kvaliteto vezja so vigje.
Posebno ostri pogoji delovanja vezij so v prostoru mo-
torja, zaradi visoke temperature, vlage in korozivnih
tekoCin. Glede na zahteve vezij so primerjali moznost
uporabe SMT in debeloplastne tehnologije pri izdelavi
vezij. SMT tehnologija ima manj moznosti uporabe v
podro¢ju motorja aviomobila zaradi omejenega tem-
peraturnega podrolja delovanja vezij, neodpornosti ve-
zij na vlago in korozivne tekocine in manjso zanesljivost
(vezja vedjih dimenzij ne prestanejo preizkusa na tem-
peraturne spremembe od -30°C do 130°C). V primeru
izdelave vezij v debeloplastni tehnologiji temperaturno
podrocje uporabe je vigje, vezja so odporna na vlago in
korozivne tekogine ter zanesljivost vezij je vecja. V
primerjavi s SMT tehnologijo, debeloplastna vezja imajo
manjse Stevilo spajkanih komponent, ali se uporabljajo
gole silicijeve tabletke bondirane z zlato ziCko , katerih
zanesljivost povezav je visja.

Problem pri izdelavi mo¢nostnih vezij za avtomobilsko
industrijo se resuje na ta nacin, da se mocnostna vezja
razdelijo od logitnih vezij. Mo&nostna vezja se izdelujejo
v debeloplastnitehnologiji na ta nacin, da se moc¢nostne
tabletke pritrjujejo na substrat s postopkom direkinega
bondiranja na baker, nato pa na substrat iz AINi, zaradi
boljSe toplotne prevodnosti. Na koncu so pokazali svoje

vezje izdelano v debeloplastni tehnologiji za vZig v mo-
torju, katero vsebuje debeloplastne upore, chip konden-
zatorje, mocnostne diode, integrirana vezia (eno vezje
je mocnostni smart chip), skupaj okrog 70 komponent.
Vezje soizdelaliv dveh slojih, moénostne tabletke mon-
tirali na baker pritrjen na keramiko, za lepljenje tabletk
so uporabili prevodna polimerna lepila.

V referatu M. Weinholda iz Du Ponta z naslovom "SMT
na PCS; izziv za hibridno industrijo” je za dologeno
uporabo vezij pokazal prednost PCB tehnologije v pri-
merjavi s hibridno tehnologijo (velika gostota prevodnih
linij na vec plasteh in luknje za povezavo med posamez-
nimi plastmi). Tiskana vezja so lahko vecjih dimenzij,
vedje gostote linij , mozZna je izdelava do 14 plasti.
Prikazal je optimalno izbiro vezja za video kamero Son-
ny s kombinacijo tiskanega vezja, fleksibiinega tiskane-
ga vezja in hibridnega vezja.

Referat D. Reina iz Hybriteca z naslovom: "Ekonomska
primerjavav povrsinski montazi" kaze rezultate uporabe
obeh tehnologij pri izdelavi vezij. Tudi v tem referatu so
podane nekatere zahteve vezij, ki jih laZze zadovolji
hibridna tehnologija. To so: velja zanesljivost, vecja
toplotna prevodnost, SirSe temperaturno podrocje upo-
rabe, funkcionalno doravnavanje vezij, preciznost upo-
rovnih vrednosti, manjsSe Stevilo odpovedi, moznost
montiranja golih tabletk. V primerih, kjer vezje vsebuje
majhno Stevilo komponent za medsebojno povezavo,
majhno stevilo uporov, veliko Stevilo kondenzatorjev, je
boligaizbirapovrsinske montaZe natiskano plogéico. Na
konkretnem primeru izdelave vezja s 4 intergriranimi
vezji, 4 polprevodnidkimi komponentami, 20 kerami-
¢nimi kondenzatorji in 26 upori so pokazali obe izvedbi
vezij, SMT vezje in hibridno vezje. Na tem primeru so
izracunaliceno vezjainpokazali, daje izvedba v hibridni
tehnologiji 15% cenejsa. Stevilo odpovedi v hibridni
izvedbi je bilo veliko manjSe (3%) v primerjavi s SMT
izvedbo vezja (20%). Na osnovu teh izkusenjtrdijo da je
vezje z najmanj 10 uporov cenejde v hibridni izvedbi kot
pav SMT.

mag. Dubrovka Rocak, dipl. ing.
Institut JoZef Stefan
Jamova 39, Ljubljana

POROCILO S SEMINARJA "NATO-ASI,
SUPERMAGNETS, HARD MAGNETIC MATERIALS"

NATO Advanced Study Institutes (zaradi verodostojnos-
ti bom izraze navajal v originalu) so ena od oblik organi-
ziranega Studija v okviru NATO International Scientific
Exchange Programmes, ki podpirajo mednarodno indi-
vidualno sodelovanje znanstvenikov in raziskovalcev.
{Ne kot vecina mednarodnih znanstvenih programov, ki
so orientirani v institutsko ali programsko sodelovanije).
Namen ASI je Sirjenje novih spoznanj, ki e niso dostop-
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nav publikacijah in spodbujati mednarodno znanstveno
sodelovanje skozi znanstvena srecanja v obliki semin-
arskega Studija. Seminarjitrajajo dvatedna, organizirani
80 na post -doktorskem nivoju. Razmerje med predava-
telji in 8tudenti je navadno okoli 1:5 (10 do 20 predava-
teljev in 60 - 80 ostalih udelezencev). Prispevki (preda-
vanja, diskusije, povzetkiposterjev) izidejo v eni od izdaj
NATO ASI Series.
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Letosnji NATO ASI je bil od 10. do 23. junija v kon-
feren€nem centru ll-Ciocco v italiji, pod naslovom "Su-
permagnets, Hard Magnetic Materials". Zasnovan je bil
kot izpopoinjevalni seminar za magistrante, doktorante,
post-doktorante in inzenirje s podrogja permanentnih
magnetnih materialov, s poudarkom na Fe-Nd- B mag-
netih. .

Organizirane so bile tudi poster sekcije, kjer so ude-
lezenci lahko prikazali svoje nove doseZke. Nada skupi-
na (8. Beseni¢ar, J. Holc in B. Saje) je predstavila poster
z naslovom: "Hydrogenation of Nd-Dy-Fe-B alloy”, v
katerem smo obravnavali kinetiko hidriranja zlitine.

V okviru izobrazevalnega dela seminarja je bilo organi-
ziranih 47 (sedeminstirideset) encurnih predavanj, pred-
vsem s petih podrocij teorije in tehnologije magnetizma
Fe-Nd-B magnetov:fizike magnetizma, faznih relacij,
preiskovalnih metod, tehnoloskih postopkov in uporabe.

Pri fizikalnih osnovah magnetizma so bile obravnavane
strukturne lastnosti, magnetna anizotropija, izracuni
elektronskih struktur, izmenjalno in kristaino polje ter
spinska reorientacija. g

V okviru preiskovainih metod, smo posiusali predavanja
0 Moessbhauerjevi spektroskopiji, NMR in nevtronski
spektroskopiji na mikro nivoju, na makro nivoju pa o
preiskaviprahov z rentgensko difrakcijo in SPD metodo.

O taznih relacijah v sistemih ki tvorijo magnetne zlitine
so bila predavanja o faznih diagramih, metastabilnih
fazah, novih spojinah in mikromagnetnih osnovah "Hi-
tech" trajnih magnetov.

Predstavijena je bila uporaba novih, alternativnih tehno-
lodkih postopkov, kot so ultrahitro ohlajanje, mehansko
legiranje in rotacijsko kovanje, (nekaj alternativnih pos-
topkov s tega podrocja je opisano v ¢lanku Saje, Holc,
Besenicar:"Nove tehnologije za izdelavo Fe-Nd-B mag-
netov”, Informacije MIDEM, 20(4), 1990).

O uporabi Fe-Nd-B magnetov je tekla beseda predvsem
o nacrtovanju, analizi in simulaciji PM strojev in elektro-
motorjev.

AS| se je udelezilo okoli 70 sluateljev in 20 predavatel-
jev. Slusatelji so bili veCinoma doktoranti in raziskovaici
post- doktoranti iz Zahodne Evrope, ZDA, Kanade, Bra-
zilije, Argentine, Kitajske, Japonske, ... . 1z Vzhodne
Evrope ni bilo nobenega.

Splodni vtis je tak, da v velikin raziskovalnih laboratorijih
delajo navsehtehnikahinvsehzlitinah (FeNdB, SmCos,
Sm2Co47, nove zlitine), preferendno pa na tisti in tistem
postopku za katerega imajo patent. Na vseh zlitinah se
dela zato, ker zaenkrat e ne poznamo univerzainega
magneta, ki bi zadovoijeval vse zahteve (magnetne,
temperaturne, mehanske, korozijske in ekonomske). Na
novih sestavah se dela predvsem zato, da se izogne
patentnim za&cCitam.

Boris Saje, dipl. ing. met.

Iskra Magneti, Stegne 37, 61000 Ljubljana
(MR na Institutu "JoZef Stefan",

Jamova 39, 61111 Ljubljana )

PREDSTAVLJAMO DO Z NASLOVNICE

Gorenje Point - Podjetje za informacijske tehnologije d.o.o.

GORENJE POINT DANES

Gorenje Point je sodobno trzno orientirano podjetje s 36
zaposlenimi, ki so pred tem delali v razvoju in v proiz-
vodnji racunalnidkih terminalov v Gorenju in v proizvodn-
jiosebnih racunalnikov v biv§i Iskri Delti. Urejeni lastnin-
ski odnosi omogocajo ucinkovito upravljanje, saj sta v
podjetju ustrezno prepletena druzbeni kapital Gorenja
Elektronika in bivSe Iskre Delte ter zasebni kapital za-
poslenih, ki ga je za dobro Cetrtino celotnega kapitala.
Zasebni interes zagotavljaizjemno angaziranost zapos-
lenih, povezanost s koncernom Gorenje pa omogoca
poslovnost, kakrSna je normalna za veliko vedja podjetja
kot je Gorenje Point danes.

Podjetje je registrirano za $irok spekter dejavnosti, ki
sodijo v okvir razvoja, proizvodnje, trzenja in vzdrzevan-
ja racunalniske strojne opreme ter sistemske in aplika-
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tivne programske opreme, kakor tudi za mehansko pro-
totipno dejavnost v kovinski stroki.

V sedanjem proizvodnem in trZznem programu so:

Osebni raéunalniki DIALOG

Proizvodnja, testiranje, trzenje, instaliranje in servisir-
anje IBM AT kompatibilnih radunalnikov in njihovihmrez,
s postrebno terminalno opremo vseh konfiguracij in
zmogljivosti, ki so obiCajne na svetovnem trzi§éu. Z
najcenej$o ponudbo kvalitetnih osebnih racunalnikov na
jugosiovanskemtrzi¢u uresniCuje Gorenje Point enega
izmed svojih ciljev - osebni racunalnik naj postane §iro-
kopotrodno blago, dostopno za radunalniko opismen-
jevanje miadih, kakor je to v razvitem svetu.



Informacije MIDEM 20(1990)4, Ljubljana

Vetuporabniski raGunalniski sistemi

Dobava in instalacija Digital kompatibilnih Microvax ra-
¢unalniskih sistemov, terminalne opreme, sitemske pro-
gramske opreme in izbor poslovne aplikativhe program-
ske opreme.

Razvojintrzenje strojne in programske opreme za UNIX
operacijske siteme, ki se uveljavljajo kot mednarodni
standard za vse vrste ratunalnikov - od osebnih racun-
afnikov in njihovih mrez do velikih racunalniskih siste-
mov.

Sistemi za registracijo delovhega ¢asa KRONOS

Proizvodnja, trzenje in servisiranje registratorjev, mrez-
nih krmilnikov in potrebne racunainiske podpore za reg-
istracijo z magnetnimi karticami in tekoCe racunalnisko
azurirano vodenje vseh evidenc v zvezi s prisotnostjo
delavcev na delu. Sistem je licentno odkupljen od IJS
Ljubljana, nadaljnji razvoj pa te¢e v medsebojnem so-
delovanju. 4

Sistemi Telestik

Proizvodnja, trzenje in vzdrzevanje strojne in program-
ske opreme sitemov za obvesCanje vinternih TV mreZah
na osnovi teleteksta z moznostjo aplikacije video strani.

Trgovinska informacijska oprema

Dobava, instaliranje in vzdrzevanje raCunalniske strojne
inprogramske opreme zatrgovine in trgovska skladis¢a.

Programska oprema

Zaokrozitev ponudbe programske opreme za poslovne
aplikacije iz lastnih virov in od nekaterih specializiranih
proizvajalcev programske opreme, s katerimi smo vzpo-
stavili trajnejse poslovno sodelovanije

Storitve mehanske delavnice

Vse vrste prototipnih storitev in izdelava majhnih serijj
istovrstnih kovinskih ali plasti¢nih izdelkov s sodobnimi
CNC krmiljenimi stroji.

KOM.

Gorenje Point jutri

Rezultati prvih desetih mesecev poslovanja kazejo, da
je Gorenje Point na dobri poti, kakor nazorno kaze
histogram prodaje osebnih racunalnikov DIALQOG. Z
manjsimi odstopaniji in z nekoliko po¢asnej§im tempom
raste tudi prodaja drugih izdelkov, ki jih Gorenje Point
ponuja trgu.

Kljub temu, da je bilo podjetje Gorenje Point ob usta-
novitvi usmerjeno predvsem v proizvodnjo, sestavijanje
in trzenje strojne opreme, je razvojna strategija narav-
nanayv zaokrozeno ponudbo razli¢nih radunalnisko pod-
prtih poslovnih in drugih aplikativnih orodij. V kratkem
¢asu je vodstvu podjetja uspelo v povezavah s specaili-
ziranimi podjetji in v povezavi z Odsekom za radunal-
nistvo Instituta Jozef Stefan zagotoviti irok izbor taksnih
delujoCih orodij, od sistema Kronos do ponudbe aplika-
tivnih poslovnih programov v operacijskem sistemu
UNIX. Tak razvojni in trzni pristop vsekakor opravituje
marketinski slogan, s katerim se poidjetje predstavlja
javnosti, namret Z Gorenjem Point od tod do poslov-
nosti.

Gorenje Point sprejema tudi izziv svetovnega trga in
resno obdeluje predvsem vzhodnoevropska trziséa s
precej$njimi moznostmi za uspeh. Usposobitev neka-
terih izdelkov za izvoz poteka nalrtno s povedevanjem
vlaganj v nujne raziskave in razvoj, kamor bo Ze v letu
1991 viozenih okrog 10% celotnega prihodka podijetja.
Nasvetovnemintudina jugoslovanskemtrgu za izdelke
visoke tehnologije ni srednje poti. Dolgorocno lahko
prezivijo samo podjetja, ki s0 med najboljg$imi in tega se
Gorenje Point zelo dobro zaveda.

DIREKTOR
mag. Drago Sulek
GORENJE POINT

Zarova 19, Velenje
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CLANI MIDEM

Novi élani

Jenko Monika 654
Jovin Jelena 652
Kolenko Stefka 682
Lipnjak Gorana 681

Micovié Miroslav 680
Obradovi¢ Goran 649
Suhadolnik Pavla 650
Cadez Pedar Zvezda 653

PISMO UREDNIKU

V ¢lanku"Cas mrhovinarjev, ¢as tabloidov", objavijenem
v sobotniprilogi Dela (3., november 1990), Janez Stanic¢
pie med ostalim o poplavi novih tabloidov, na primer
Lady ali Kaj in potoZi, zakaj ni poleg Vrotega Kaja tudi
kake nove, "vroCe" kulturne ali znanstvene revije. Pa si
poglejmo kar nade Informacije MIDEM. Je solidna revija
z dobrimi ¢lanki in prispevki, to pa je tudi vse. Kar
pzinajmo si, malokdo od nas Zeljno zalista po novem
izvodu s trepetajo¢imi rokami in pri¢akovanjem v srcu,
razen ¢e upamo, da je prav v tej Stevilki objavljen kak
na$ umotvor. Zato imamo nekaj predlogov za spremem-
bo profila Informacij, s Cimer bi postale bolj "vroge", si
razs8irile krog bralcev in zmanjsale remitendo.

Na primer:
Rubrika Ljudje:
Pikantne podrobnosti iz Zivljenja znanih mikroelektronikov.

Porocila s konferenc:
SD 80 - kaj se je ponodi zares dogajalo v hotelu Radin?

Pregledni Clanki o razvoju stroje:
Bardeen in Brattain sta oCeta tranzistorja! Zakaj se o
materi §e danes, po 42 letih mol¢i?

Na naslovnicah pa bi lahko namesto slik integriranih
vezij, merilnih instrumentov ali difuzijskih peci objavljali
slike miajsih ¢lanic drustva MIDEM v kopalkah.

To je bilo samo nekaj idej, verjetno pa lahko bralci in
urednistvo dodajo $e precej novih, ki bi sivino strokovne
revije povzdignile k drazljivosti tra¢ Casopisv in hkrati
ohranile kvaliteto.

Z lepimi pozdravi vas zvesti bralec
Marko Hrovat, Institut JoZef Stefan

KOLEDAR PRIREDITEV

1991

FEBRUAR

25.-28. Modern Microwave Techniques, seminar CEl, Gar-
misch- Partenkirchen

25.-1.marec MESFET and Heterostructure Based MMIC's,
seminar CEl, Garmisch-Partenkirchen

APRIL

8.-12. VLSI Lithography, seminar CEl, Pisa
Plasma Etching for VLSI

Chemical Vapor Deposition for VLSI
CMOS/BICMOS Process integration

MOS Devices for Advanced VLS!

15.-19. RF and Microwave Circuit Design, Linear Circuits,
seminar CEl, Pisa

21.-24. Vl.Evropska konferenca o MB-epitaksiji in sorod-
nih naéinih rasti kristalov, Tampere, Finska

22.-26. RF and Microwave Circuit Design, Non-Linear
Circuits, seminar CEIl, Pisa

MAJ

5.-11. lll.LEvropska konferenca o rasti kristalov, Budim-
pesta

14.-16. SENSOR 91, Nueremberg (info. ACS Organisation,
Von Muenchahausen str. 29, D-3050, Wunstorf 2)

15.-17. MIEL91, 19. jugoslovanska konferenca o mikro-
elektroniki, Beograd (info. MIDEM tel. 061- 316886)
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19.-24. MIPRO’91, Opatija (info. M.Fiiiferovié, tel 051-
211051)

29. - 31. 8th European Hybrid Microelectronics Confe-
rence, Rotterdam, (info. Eurocongres, Koningslaan 52,
NL 1075 AE Amsterdam)

JUNIJ
11. - 14. LASER 91 Muenchen (info. OZEHA Zagreb, tel.
041-421322)

SEPTEMBER

9.-12. ECOSS 12, 12.evropska konferenca o znanosti po-
vrdin, Stockholm- Uppsala (info. ECQOSSS12 c/o CON-
GREX BOX 5619, S-11486, Stockholm)

22.-25. V.konferenca o senzorjih in njih uporabi, Edin-
burgh

23.-25. EVC-3, 3. evropska vakuumska konferenca, Dunaj
(info. W.Husinsky, Inst. f. Allgemeine Phys., TU Wien)

OKTOBER

14.-18. ECASIA-91 4. evropska konferenca o uporabi me-
tod za analizo povréin in faznih mej, Budimpesta (Info.
L.Kover, MTA ATOMKI, H-4001 Debrecen, p.f.51)
21.-25, SYSTEMS 91 Miinchen (info. OZEHA Zagreb, tel.
041-421322) .

NOVEMBER
12, - 16. PRODUCTRONICA 91 Miinchen (info. OZEHA
Zagreb, tel. 041- 421322)
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NAVODILA AVTORJEM

Informacije MIDEM je znanstveno-strokovno-dru-
Stvena publikacija Strokovnega drustva za
mikroelektroniko, elekironske sestavne dele in
materiale-MIDEM. Casopis objavlja prispevke do-
macih in tujih avtorjev, e posebej clanov MIDEM,
s podrodja mikroelektronike, elektronskih sestav-
nih delov in materialov, ki so lahko:

izvirni znanstveni clanki, predhodna sporocila,
pregledni élanki, razprave z znanstvenih in stro-

kovnih posvetovanj in strokovni Clanki.
Clanki bodo recenzirani.

Casopis objavija tudi novice iz stroke, vestiiz de-
lovnih organizacij, indtitutov in fakultet, obvestila o
akcijah drustva MIDEM in njegovih Clanov ter
druge relevantne prispevke.

Strokovni prispevki morajo biti pripravijeni na na-

sledniji nacin

- 1. Naslov dela, imena in priimki avtorjev
brez titul.

- 2. Kljuéne besede in povzetek (najved
250 besed).

- 3. Naslov dela v anglescini.

- 4. Kljuéne besede v angleséini (Keywor-
ds)in povzetek v anglescini (Abstract).

- 5. Uvod, glavni del, zaklju¢ek, zahvale,
dodatki in literatura.

- 6. Imena in priimki avtorjev, titule in nas-
lovi delovnih organizacij, v katerih so za-
posleni.

.Ostala splosna navodila

1. Clanki morajo biti tipkani na listh A4 formata v
vrsticah dolZine 16 cm. Rob nalevi strani mora biti
Sirok 3.5-4 cm.

2.V ¢lanku je potrebno uporabljati Sl sistem enot
oz. v oklepaju navesti alternativne enote.

3. Risbe je potrebno izdelati s tusem na pavs ali
belem papirju. Sirina risb najbo do 7.5 0z. 15¢m.
Vsaka risba, tabela ali fotografija naj ima Stevilko
inpodnapis, ki oznacuje njeno vsebino. Risb, tabel
in fotografij ni potrebno lepiti med tekst, ampak jih
je potrebno loéeno priloZiti clanku. V tekstu je po-
trebno oznaciti mesto, Kjer jih je potrebno vstaviti.

4. Delo je lahko napisano in bo objavljeno v ka-
teremkoli jugoslovanskem jeziku v latinici in v an-
glescini.

Urednigki odbor ne bo sprejel strokovnih clankov,
ki ne bodo poslaniv treh izvodih.

Avtorji, ki pripravijajo besedilo v urejevalnikih
besedil, lahko posliejo zapis datoteke na disket
(360 ali 1,2} v formatih ASCII, wordstar (3.4, 4.0),
wordperfect, word, ker bo besedilo oblikovano v
programu Ventura 2.0. Grafi¢ne datoteke so lahko
v formatu HPL, SLD (AutoCAD), PCX ali
IMG/GEM.

Avtorji so v celoti odgovorni za vsebino objav-
lienega sestavka. Rokopisov ne vracamo.

Rokopise posiljite na naslov

Urednistvo Informacije MIDEM
Elektrotehnigka zveza Slovenije
Titova 50, 61000 Ljubljana

UPUTE AUTORIMA

Informacije MIDEM je znanstveno-struéno-drus-
tvena publikacija Struénog drustva za mikroelek-
troniku, elektronske sestavne dijelove i materijale
- MIDEM. Casopis objavijuje priloge domadih i
stranih autora, narocito ¢lanova MIDEM, s podru-
¢ja mikroelektronike, elektronskih sastavnih dije-
lova in materijala koji mogu biti:

izvorni znanstveni &lanci, predhodna priopéenja,
pregledni ¢lanci, izlaganja sa znanstvenih i
struénih skupova i struéni ¢lanci.

Clandi ée biti recenzirani.
Casopis takoder objavijuje novosti iz struke, oba-
vijesti iz radnih organizacija, instituta i fakulteta,

obavijesti o akcijama drustva MIDEM i njegovih
¢lanovai druge relevantne obavijesti.

Strucni clanci moraju biti pripremljeni kako slijedi

- 1. Naslov ¢lanka, imena i prezimena
autora bez titula.

- 2. Kljuéne rijeci | saZetak (najvise 250
rijeci).

- 3. Naslov ¢lanka na engleskom jeziku.

- 4. Kljuéne rije¢i na engleskom jeziku
(3Key Words) i sazetak na engleskom
jeziku (Abstract).

- 5. Uvod, glavnidio, zaklju¢ni dio, zahvale,
dodaci i literatura.

- 6. Imena i prezimena autora, titule i nas-
lovi institucija u kojima su zaposleni.

Ostale opSte upute

1. Prilozi moraju biti strojno pisani na listovima A4
formata u redovima duzine 16 cm. Nalijevoj strani
teksta treba biti rub sirok 3.5 do 4 cm.

2. U prilogu treba upotrebljavati Sl sistem jedinica
od. u zagradi navesti alternativne jedinice.

3. Crteze treba izraditi tuSem na pausu ili bijelom
papiru. Sirina crteza neka bude do 7.5 odnosno
15 cm. Svaki crte?, tablica ili fotografija treba imati
broj i naziv koji oznaduje njen sadrZaj. CrteZe,
tabele i fotografije nije potrebno lijepiti u tekst, veé
ih priloZiti cdvojeno, a u tekstu samo naznaditi
mjesto gdje dolaze.

4. Rad moze biti pisan i biti ¢e objavijen na bilo
kojem od jugoslavenskih jezika u latinici i na en-
gleskom jeziku.

Autori mogu poslati radove na disketama (360 il
1,2) u formatima tekst procesora ASCIl, wordstar
(3.4.14.0), word, wordperfect posto ée biti tekst
dalje obraden u Venturi 2.0. Graficke datoteke
mogu biti u formatu HPL, SLD (AutoCAD), PCXili
IMG/GEM,

Urednicki odbor ¢e odbiti sve radove koji nece biti
poslani u tri primjerka.

Za sadrzaj ¢lanaka autori odgovaraju u potpu-
nosti. Rukopisi se na vracaju.

Rukopise Saljite na adresu:

Urednistvo Informacije MIDEM
Elektrotehni¢na zveza Slovenije
Titova 50, 61000 Ljubljana

INFORMATION FOR
CONTRIBUTORS

Informacije MIDEM is professional-scientific-so-
cial publication of Yugoslav Society for Microelec-
tronics, Electronic Components and Materials. In
the Journal contributions of domestic and foreign
authors, especially members of MIDEM, are pub-
lished covering field of microelectronics, electronic
components and materials. These contributions
may be:

original scientific papers, preliminary communi-
cations, reviews, conference papers and profes-
sional papers.

Al manuscripts are subject to reviews.

Scientific news, news from the companies, insti-
tutes and universities, reports on actions of
MIDEM Society and its members as well as other
relevant contributions are also welcome.

Each contribution should include the following
specific components:

- 1. Title of the paper and authors’ names.

- 2.KeyWords and Abstract (not more than
250 words).

- 3. Introduction, main text, conclusion, ac-
knowledgements, appendix and referen-
ces.

- 4. Authors’ names, titles and complete
company or institution adress.

General information

1. Papers should be typed on page format A4 in
lines up to 16 cm long. Space on left side of the
text should be at least 3.5 to 4 cm long.

2. Authors should use SI units and provide alter-
native units in parentheses wherever necessary.

3. lllustrations should be in black on white or trac-
ing paper. Their width should be up to 7.5 or 15
cm. Each illustration, table or photograph should
be numbered and with legend added. Hlustrations,
tables and photografphs are not to be placed into
the text but added separatelly. Hower, their posi-
tion in the text should be clearly marked,

4. Contributions may be written and will be pub-
lished in any Yugoslav language and in english.
Authors may send their files on formatted diskettes
(360 or 1,2) in ASCII, wordstar (3.4 or 4.0), word,
wordperfectas textwill be formatedin Ventura 2.0.
Graphics may be in HPL, SLD (AutoCAD), PVX
or IMG/GEM formats.

Papers will not be accepted unless three copies
are received.

Authors are fully responsible for the content of the
paper. Manuscripts are not returned.

Contributions are to be sent to
the address:

Urednistvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Titova 50, 61000 Ljubljana,
Yugoslavia
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