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the market segments teleacommunications, automotive and
industrial electronics.




CRISES IN THE EAST, RECOVERY IN THE WEST

After the fall of eastern political wall the whole eastern Europe economy collapsed. This was
extremely pronounced in the high tech area, especially in the electronics. Opening the door to the
western electronic goods all the domestic, technologically poor and in the productivity weak
industry could not compete with the well known western and Asiatic electronic industry. As a result
of such situation the whole eastern semiconductor and microelectronics industry failed. In the
former Yugoslav countries only the Trbovije factory Iskra Semicon is still producing diodes. The
Hungarian, Bulgarian, Czech and Slovakian, former DDR microelectronics practically does not
exist or is surviving extremely hard times.

Also some western microelectronic companies had very hard time last year. The most known was
the dismantling of a part of IBM microelectronics. The world equipment market for semiconductors
dropped by about 9.4% in 1992 also because of the deep recession in Japan.

The first forecasting made by SEMI and SEAJ shows that manufacturers are expecting a recovery
in the equipment industry this year with a rise of 11.2% on a value of US$ 9000 Millions.

INTEL is spending US$ 1000 Millions to add 13.000 sq. m of class 1 clean room in its largest wafer
fab at Rio Rancho in New Mexico. This fab makes 80486 microprocessors and other VLSI logic
cireuits. The technology will be of 0.4 wm on 200 mm wafers. The new plant should start production
in 1995.

On MIELS2 conference at Portorose Dr. lanuzzi, an invited speaker from ST Microelectronics,
presented the necessity for such billion dollar fabs. Let us hope that also MIEL93 at the door will
give some contribution to this marvellous world of microelectronics.

MIDEM PRESIDENT
Dr. Rudolf Roc¢ak

Doeidd-L’
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ALGORITHMS FOR MULTI-DIMENSIONAL ANALYSIS
OF SEMICONDUCTORS DERIVED FROM FIRST
PRINCIPLES

Zvonko Fazarinc

KEYWORDS: semiconductors, semiconductor structure, computer analysis, algorithms, C-language, charge carriers, transport equation, electron
distribution, hole distribution, electric field, basic principles, multi-dimensional

ABSTRACT: Expressions for multi-dimensional analysis of semiconductor structdres in the discrete domain are derived from first principles. A
simple structure is analyzed and the algorithms are cast in C-language.

Algoritmi za veédimenzionalno ra¢unalnisko analizo
polprevodnikov iz osnovnih fizikalnih principov

KLJUCNE BESEDE: polprevodniki, strukture polprevodniske, radunalniska analiza, algoritmi, C jezik, nosilci nabojev, enaéba transportna,
porazdelitev elektronov, porazdelitev vrzeli, polje elektri¢no, principi osnovni, veédimenzionalnost

POVZETEK: Izrazi za ve¢dimenzionalno racunalnisko analizo polprevodniskih struktur so izvedeni iz osnovnih fizikalnih zakonov. Uporaba je

ilustrirana na enostavnem primeru in algoritmi so prikazani v C-jeziku.

1. Introduction

Multi-dimensional analysis of semiconductor structures
is commonly deferred to pre-canned computer pro-
grams [1] which often drape a veil of mystery over the
inner workings of such design tools. The Poisson’s
equation is usually taken as the basis for evaluation of
Fermi levels which then control the distribution of
charged carriers. When the transport equation is used
instead, the carrier distributions are computed from its
discrete counterpart. This is prone to producing wrong
answeres and makes the imposition of boundary condi-
tions quite difficuit.

The purpose of this paper is to derive the relevant
equations for multi-dimensional analysis of semiconduc-
torsindiscrete formdirectly fromfirst physical principles.
Such approach effectively avoids the hazards of discre-
tization of partial differential equations [2], makes the
imposition of boundary conditions. intuitive and, most
importantly, it provides the practicing engineer and the
novice with an insight which enables them to inde-
pendently access the analytical powers of computers.
The limitations of a paper prevent us from developing
anything resembling a complete source code. Neverthe-
less, we will address the crucial ideas and make them
understandable so that they can be embellished with
refinements when needed.
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We will be making use of the classical physics principles
which are applicable to semiconductor structures larger
than a few tenths of microns. For smaller structures
quantum mechanics must be invoked and the reader
should take note of this.

2. The Method of Approach

Before we address the general case we introduce the
methodology with a simple example. Fig. 1 illustrates
three points in space separated by Ax. With each loca-
tion we associate a particle count C(x,t} at time t.

Cx-Axt) C(x,0) Cx + Ax,t)
® ® ®
x-Ax X X + Ax
— F

Fig. 1: Hlustration of three points in one-dimensional

space.

Particles are assumed to be in random thermal agitation
which implies that they are equally likely to move to the
left or to the right. We denote the likelyhood of their
motion in one and the other direction by /. This means
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that Himes the number of particles in a given position
will move to the left and the same number will move to
the right. We make a simplifying assumption that par-
ticles which do move make one single space step Ax in
one time increment At. Armed with this information we
can entertain the following question: "What will the con-
centration be in position x at time t +At given the status
attime ?" The answer proceeds along the following line
of reasoning. If the likelyhood of motion is /then /{imes
the number of particles in position x - Ax will move into
position x during one time interval At. During the same
time Himes the number of particles will move into posi-
tion x form x + Ax. 2-times the number of paricles
initially residing at x will have moved out of this position.
What we have then left at x is

Cxt+At) = Cxt)+IC(x-Ax,t)

+HClx+Ax,t)-21C(x,t) (1
The mathematical manipulation below is intended to
show that (1) is the discrete form of the diffusion equa-
tion with diffusivity D given by

D =1Ax%/At 2)
Firstwe subtract C(x,t) on both sides of equation (1) and
divide by At. Then we multiply and divide the RHS of the
resulting equation by Ax® and obtain

Cont+A1)-Cx,t) _
At

[AX? Clx-Ax,0)+C(x+Axt) -2C(x,t)
At Ax?

We recognize the numerator of the LHS of the above
equation as the temporal difference of C(x,t) and the
numerator of the RHS as the second spatial difference
of C(x,t). Upon taking the limit as Ax and At go to zero
we end up with the familiar basic diffusion equation for
which the relationship (2) applies.

9C k) _ D 3*C (x,1)
at dx?

A temporal sequence of plots produced by (1) when the
initial distribution is a &-function in the center and a unit
step at the left is shown in Fig.2.

An implementation of our example in C-language is
shown below

// Initialization:
for (x = 0; x<200; x+ +) C[x] = 0;
for (x=0; x<20; x+ +) C[x]} = 1.0;
C[100] = 10.0;

//Time loop of N passes:
for (t = 0; t< N; t+ +)
{ // Space loop:
L=1.0;
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Fig. 2: Solution of discrete diffusion equation in one

dimension

for (x = 0; x< 200; x+ +)
{temp = 0.25"C[x-1] + 0.25*C[x+1] + 0.5*C[x];
C[x-1] = L; L= temp;
// Plot temp vs X
}
}

The timing required by (1) has been implemented in the
above algorithm by reliance on memory management of
computers. The values on the RHS of an equation are
always taken to be the old values and those on the LHS
of equation as the new ones. But we update C[x] by the
new value only after we have computed C[x+1] which
requires the old value of C[x]. This is accomplished by
swapping the temp variable with L every time we pass
through the space loop. It is obvious that the /value has
been taken to be 0.25 in the example. One may wonder
if such simple algorithm truly represents the solution of
the diffusion equation. A quantitative comparison of (1)
with the continuous ditfusion equation is given in refer-
ence [2].

Next we allow a force F, indicated in Fig.1, to act
uniformly on all particles. ltis not difficult to conclude that
a positive force - one that pushes to the right - will
increase the likelyhood of particles moving to the right.
Atthe same time it will decrease their chances of moving
to the left. We can modify equation (1) for this case by
introducing a skew factor fwhich is related to the force
F and which biases the likelyhood / in the direction of
force F.

Clt+At) =Clt)+ ([ +f)Cx-Ax,t)

+(L-f)Cle+axt) - 21C(x1) ®

The effect of force on C(x,t) cancels out in this simple
example as the reader may verify. Expression (3) is the
transport equation in one dimension with constant diffu-
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sivity and force. To prove this we subtract C(x,t) on both
sides, divide by Atand separate the /and fcontributions
Ct+a)-Cot) _ 1

At At

[Cx-Ax,)+C(x+Ax,)

-2C (x,0)]+ Z%[C(x ~Ax,t) - Clx +Ax,t)]

Now we need a relationship between the factor fand the
force F. This is best done by comparing the energies
involved during the move. The thermal energy kT is
related to / in the same manner as the energy derived
from the force field is related to f. A formal expression to
that effect is

1:f=kT:F§x

It yields the following for the force tactor

_, FAx
f=1 2kT

We substitute (4) into our last equation, multiply and
divide the first term on the right by Ax?, and the second
term by 2Ax and end up with the following ditference
equation

(4)

Clt+A)-Cxt) -
At

1Ax2 Cx-Ax,)+C(x+Axt) -2C (x,1)
At Ax?

_21Ax* F Cx+Axt)-C(x-Axyt)
At 2T 2Ax

The second term on the right is readily recognized as
the first central difference in x of C(x,t). It becomes the
first derivative with respect to x when the limit is taken.
The above equation then assumes the form

9C(x,t) _
at

3*C(x,0) pF acn

b 8x2 kT dx

In the above we have substituted (2) for IAX/At. Fig.3
shows a plot of expression (3) as function of x for a
uniform force F with time being a parameter. Initial
conditions are identical to those in Fig.2.

The numeric values for the plot of Fig.3 were generated
by a source code identical to that shown earlier. The only
difference is that the skew factor is introduced. We have
chosen its value to be f= 0.4 /= 0.1. Consequently the
only modification of the algorithm is in the space loop
which now reads: temp = 0.35*C[x-1] + .15*C[x+1] +
.5*C|[x]; Everything else remains the same. The reader,
familiar with problems arising in computer solutions of
transport equation may find (3) to be of considerable
interest. Its simplicity and the physical basis from which
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/ll" 7,—' f=041
|

{l 20

Fig. 3: Solution of transport equation for

one-dimensional case.

(3) has been derived make the introduction of boundary
conditions particularly easy.

We will now exploit the method just introduced for
answering some of the more profound questions. One
oftheminvolves the diffusivity gradient. If Dis a function
of space, does it appear under the first or the second
derivative sign? What if the diffusivity and force have
ditferent gradients along the spatial directions? How do
we handie multidimensional analysis of semiconductors
in general? These and some other questions will be
addressed as we proceed.

3. Transport of Particles in Two Dimensions

The motion of charge carriers in semiconductors is
governed by thermal energy, by electrical forces* and
by properties of material through which they are moving.
Their number depends on influx and outflow and on
generation and recombination of oppositely charged
pairs. We will derive the relevant equations taking into
consideration the spatial variability of these effects and
will allow, in addition, the temporal variation of electric
fields and of carrier concentrations. In order to shield the
derivation from excessive notational complexity we will
limit it to the two-dimensionai case. The extension to
three dimensions will become self evident as we pro-
ceed.

We start with the illustration in Fig.4 which shows two
points in x-space separated by Ax and a third point
displaced in y-space by Ay. We assign the likelyhood of
thermal motion in x-direction by /x and that in y-direction

* Gravitational forces are negligible in comparison



Informacije MIDEM 23(1993)3, str. 173-182

Z. Fazarinc: Algorithms for Multi-dimensional Analysis
of Semiconductors Derived from First Principles

F,., NS'
® .,y @
x-Axy X,y
L. f- F,., Ny.
o
xy-Ay
Fig. 4: Illustration of three points in two-dimensional

space.

by /. We also allow a force F to act in the x-direction
and a force Fy in the y-direction. These forces are
responsible for the respective skew factors fr and f,
through the relationship (4).

The motion likelyhood / and its skew f are assigned to
the space between discrete spatial locations rather than
to the locations themselves. The reason for this can be
understood physically if we consider the case where the
point (x - Ax,y) belongs to the conducting region and the
point (x,y) to an insulating layer characterized by /= 0.
The particles can move into the insulator but they could
neverescape if the property of space /= 0 were assigned
to (x,y) itself. On the other hand, if / = 0 is assigned to
the space between the two points, no particle exchange
cantake place across the boundary. Force factor f, being
a bias to / must share the same space. The rule is
implemented in Fig.4 by making the subscript "x." to
mean "half Ax to the left of x" and "y." to mean "half Ay
below y'. Using this notation we can state that during
one time interval At there will be [Ix(x.y) + K(x.,y)]C(x-
Ax,y,t) particles flowing from left to right and [/x(x-,y)-f(x.
YNCx.y.t) particles flowing from right to left. The net
number of particles Nx(x.,y) flowing from (x - Ax,y)to (x,y)
is the difference of these two terms

Ne(.,y) = [L(e,y) + L ap)]C-Axyt)

- [Le(xy) - Lo )ICxy.r) (6)

Similarly we get for the vertical or y-direction the follow-
ing expression for the net number of particles Ny(x,y.)
flowing from (x,y - Ay) towards (x,))

Nyxy.) = [[(xy.)+f,(xy)IC (xy -Ay,t)

(7)
- [l @y.) - £,y JICy,t)
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Equations (6) and (7) containthe particle flux information
which we intend to address later. At this time we remain
focussed on our goal to obtain the complete transport
equation of the form (3) in two dimensions and for

[ ]
x,y +Ay
Fy+ 9Ny+ 1y¢ fy+
‘ IX+ fx# .
X,y x +Axy
Fx‘ ’Nx+

Fig. 5: The other points in two-dimensional space

variable diffusivities and forces. This requires that we
know all the influxes and outflows from (x,y). Fig.4
guided us to obtain two of them, expressed in (6) and
(7). With the aid of Fig.5 we obtain the other two which
flow to the right and upward of (x,y) respectively.

We denote the net number of particies flowing out of (x,y)
towards (x + Ax,y) by Nx(x;,y). Their count is

Nx(x +1)’) = [lx(x +»Y)+ft(x +’y)]C(x9.Y7t)

() - file s WIC e+ Bx0) 8)

The net number of particles Ny(x,y.), flowing from (x,y)
upward towards (x,y+ Ay) is

Ny(xy +) =[xy +)+fxy )IC 1)

- [y +) - f oy +v)]C(X,}’ +Ay,t) (9)

We can write an expression for the particle count at time
t + At at the point (x,y) by adding all inflowing particles
to C(x,y.t) and subtracting all outflowing particles from
it. We will allow for the possibility that in addition to
particle exchange some of them are being generated at
the rate G(x,y) while some are being lost at the rate
R(x,y). This produces a net particle increase of [G(x,y) -
R(x,y)] At during the time interval At The total particle
count at (x,y) at t + At. The total particle count at (x,y) at
t+ Atis then

Clxy,t +At) = C(xy,t)
+N, (X, y) + N () - Ne(x 4,y) -Ny(xy 4 )

+ [G (xn)}) -R (X,y)]Af
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Equation (10) in association with (6) through (9) is the
discrete form of the two dimensional transport equation
andwe will make use of it shortly. But firstwe will perform
a limiting process on it to obtain the equivalent differen-
tial equation. Rather than blindly substituting express-
ions (6) through (9) into (10) by noting that the difference
Nx(x..y,t) - Nx(x.,y,f) refers to the midpoint between (x., )
and (x.,y). But this is excatly (x,y) by our definition of x.
and x,. Consequently we can write the difference
Nx(x:,y,t) - Nx(x., y,B as AxNx(x,y,t) where Ax signifies that
the difference is with respect to x. When we do the same
with the y-difference we get for (10)

C(x)y" +At) = C(xyy7l)'AxNx(xay’t)'AyN)'(xryyt)

+HG @y)-R@xy)lat 1)

The value for Nx(x,y,t) can be formally derived from (6)
or (8) by respectively incrementing or decrementing all
x-arguments by x/2. The result is

Ne(6y,0) = [l (xy) + £ (x,y)IC (1)

-[LGy) - LE)IC (x4 ,p,t) (12)

In the above we have used the established notation for
half-Ax values as, for example, C(x- Ax/2,y,f) = C(x. y,0).

Similarly we get by eitherincrementing (7) or decrement-
ing (9) by Ay/2 the expression for Ny(x,y)

Ny Gy, )=l (x,y) + £,e0)IC (x,y 1)

- [ly(x»y) - fy(x’y)]c (xxy + ,t)

Substitution of (12) and (13) into (11) yields

Clant +81) = Clept) - A LepC @) - Clr, 0]
A ENICEIN+CE O] -4 EHICEy.0)

-y DI -8 [HENIC .0 +C 0] +16 ()

-R(xy))Aat

This time we recognize the term C(x.,y,t) - C(x,,y,t)to be
the negative difference centered on (x, ). Consequently
we can denote it by - AxC(x,y,t). Similarly for the y-direc-
tion. Furthermore the sum of Cix.y,t) + C(x.,y, Y =
2C(x,y,f) and becomes exact when the increments goto
zero which we are just about to do. We have now
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Clmt +A1) = Cloyt) + Adfl(ey)AcC ()]
“Acfe(xy)2C 0]+ Ay (xy)A, C (xy,1)]

-4, [f;x)2C (e, 0)]+[G (xy) -R (r,y)]AL
By means of (4) we convert f-factors to /and then employ
(2) to convert I-factors to diffusivity D. We also subtract

C(x,y,t)on both sides of equation and divide them by At.
A straightforward algebraic manipulation leads to

AC (xyp,0)
Ay

C(X,)’»’ +At) 'C(xv.))»t) = ._A_X._
At Ax

FL(,"‘—;V.—’QC<xy,:)] ;

ACxy,t)
Ax

[D,r (xy)
A,

faw
P (X,Y) A*y

A [Dy(xx)’)

Fy(x’y,t)

kT

[D
-%[Dy(xw C<x,y,z)]+lc ()R ()]

In the limit when all increments go to zero the above
becomes a differential equation

AC(xyt) 8 3C (xyt)  Frloy)Clxy,t)
ar axD‘(x’y)[ & KT
LY % « e
(60 H (D (J‘K‘x)ae}(“) Tg +

+ G (x,y)-R(x,y)

While this equation may be the correct starting point for
a computerized solution of the transport equation when
diffusivities, forces and concentrations vary in both
dimensions it certainly does not guarantee the correct-
ness of the solution. There are countless possible ways
to discretize a differential equation but very few of them
yield correct answers. Therefore it is strongly advisable
to start from equation (10) which is derived from fun-
damental physical principles and circumvents the dis-
cretization problem altogether.

4. Flux of Particles in Two Dimensions.

Equations (12) and (13) provide us with the number of
particles moving in the x and y direction, respectively,
across the point (x,y). The corresponding flux is that
number multiplied by the particle velocity. Our initial
supposition was that particles move one space interval
inone time interval At. Consequently their velocity is Ax/
Atinthe x-direction and Ay/ At in the y-direction. The two
respective fluxes are then
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C(X+,y,l) Cx.)
Ax

S (xt) = -4 (xy)

+ﬂ(xy)[C(x_y,t)+C(x+,y,t)]

Ay2 Cxy.,t) -Clry.t)
Ay

O, (xy,t) = -h(xy)

+HEVCEy D+ CEy 1)

The same kind of reasoning which led to the last differen-
tial equation in the previous Section guided us from here
to the particle flux equations in differential form

aC (xy,t) x( ,y)

B (xyt) = -Di(xy) [ ox

C (xw)}

B, (xy,t) = -Dy(x,y) [ac g‘yay,t) y( )

C (xy,t)]

if we multiply the flux by electric charge q we get the
electric current density. The forces in this case are gEx
and gE,, respectively for positive charges, i.e., holes and
-GEx and -qE, for electrons where Ex and Ey are the
electric fields. The concentrations C(x,y,t)are n{x,y,t) for
electrons and p(x,y,t) for holes. The corresponding four
current density equations are

JaeEYt) = anx(xry) [?L%—;XL’)_ + "I;quX(xlyJ)" (X,y,f)]

. on (x,y,
Jry®:yst) = @Dy (x,y) —LLl

LE,cym <xy,:)]

. ¢/
Jne3:0) = -aDpe(x) [i’—%}'l LBy (W)]

Iy Et) = -qDpy(x,y) [M —q-E MESAY (x.y,t)]

The reader may note that the so called Einstein relation-
ship between carrier diffusivity D and their mobility p is
contained in the above equations

p-4
#= kT

Before we leave this section let us examine equations
(12) and (13) for physical consistency. Assume that the
torce factor f which depends on the electric field
becomes larger than /in (12) or (13). This implies that
the particle flow represented by the secondtermof either
equation reverses its direction. This could quickly de-
plete the particles at the adjacent point and would even
make their concentration go negative. Such physical
impossibilities usually present themselves as numeric

instabilities. We can therefore derive a stability condition
from requiring thatf never exceedes the value of /. Using
(4) this condition can be writen as FAX/KT < 1. For the
electric case this translates into EAx < kT/q. Because E
Axrepresents the potential difference over one grid point
our stability condition requires that this potential dif-
ference never exceeds 25 mV at room temperature.

5. Forces on Particles in Two Dimensions.

The last unresolved quantity that appears in equations
(6) through (9) is the force factor f. According to (4) this
is directly related to the electric field for the two respec-
tive directions. The electric field, on the other hand,
emanates from electric charges as suggested by the
Coulomb's law. Before we apply it to our case a discus-
sion is in order.

In real, three-dimensional space the electric field sur-
rounding a charge possesses spherical symmetry and
is as such decaying as the square of the distance from
the charge. If we were dealing with a three-dimensional
case we would compute the field at a given position (x,y)
by adding vectorially the contributions from all surround-
ing charges using an inverse square law. Thenwe would
resolve that field into its Cartesian or other components
as needed by the analysis. Instead of spherical sym-
metry we have a cylindrical symmetry for our two-dimen-
sional case and consequently we can allow the electric
field to decay only linearly with distance away from the
source charge. This may appear unconventional but is
no more so than is a two-dimensional space. in a
one-dimensional space the field does not decay at all
and we therefore compute the field as the sum of net
charges without prorating their effects for distance. One
must be quite cautious when applying natural laws to
unnaturals spaces. With this in-mind we continue now
with the evaluation of force factors to be applied to
equations (6) through (9).

) Qu,v)
25 () )
.
VTt -y + By /2]
re =Va 2+ Bx/DTH () yeV ey Ay
(xy.)
) [} L]
(-any) () (&) (xy-65)
Fig. 6: Aid to calculation of the electric field
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components

We remember that the force factors have been defined
halfway between discrete points. With the aid of Fig.6
we compute the x-component of the electric field at the
point (x,y) as produced by the charge Q(u,v) a distance
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rx away. A linear decay of the field with distance is
employed as appropriate for our two-dimensional case.

u-x. - Qiu}v) u-x. -

re 2rr, e

E.(x.y) = E(x.y)

u-x.
(-2 +(v-y)

Q)
2x

Similarly we get for the y-component at (x,y.) according
to Fig.6

v-y Qy) V).
/{ = - ) =
Eyxy.) = E(xy.) ,y awr, T
Qu,v) V-y.
2 vy ) t(ux)

The total field is the summation of components due to
all charges Q(u,v)

.M( _x+____)

2n

x,y) =33y

Xy uv (u x+A—)2+(V y)2
and

__Q._Q'.‘_!E).(v -y + é_y_)

2
E (x>y ) = EEEE
Xy Uy (g-x)2+(v y+—x)2

(17)

We will now illustrate how (10) can be applied to impurity
redistribution and to subsequent charge migration and
how (16) and (17) can be used to compute the resuiting
forces opposing such migration. This is done in the
hopes that the reader will be encouraged to experiment
with multidimensional electric transport problems on his
own.

4 C ey, Snun)

”\i\i‘
‘\"‘“{“&&&\\}\}&}\\\v _

'III[\\\\
I

I
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Fig. 7: Impurity profile before and after annealing.
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6. An Example of a Two-Dimensional
Semiconductor Structure

We start with the doping profile C(x,y)shown on the LHS
of Fig.7. It represents a PIN junction with a very narrow
intrinsic region, with a donor density of Np=4*10 *® and
anacceptor density of Na=2*10 '®. The profile shows the
difference C(x,y) = Np(x,y) - Na(x,y).

The widths of the two regions are approximately 2.5u
each. Next we anneal the sample by subjecting it to
1100°C for about 5 minutes. The diffusivity was chosen
to be 5*10°" at this temperature which is representative
of commonly used dopants. The redistributed impurities
are shown on the RHS of Fig.7.

This result was achieved by using (6) through (10) with
the following parameters:

Ix =1y =125 independently of xand y, and fy = f, = 0
and G - A= 0 everywhere.

Equation (10) simplifies then into
Cleyt +At) = 05C,y,1)+0.125[C{x-Ax,1)

O +AXN)+C(xy -Ay,t)+C(xy +Ay,t)]
(18)

Denote the number of Ax steps by X and the number of
Aysteps by Y and assign a two-dimensional array C(x,y)
to the impurity concentration. We can then write the
algorithmwhich represents the above equation in C-lan-
guage as

for {y = 0; y<VY; y++)
Lyl = OO for (x = 1;x < X; X++)
{ for ( y <Y y++)
Clx,y] + .125"(C[x - 1,y] + C[x + 1,y]
] + Clxy +1]);
LIy} LIyl = temp;

~

}
}or (y

=0;y <Y, y++)
{CIX -1y]=

0;
yl= LIyl LIyl = 0.00;}

A few explanations are in order. First, the choice of /
seems fairly open since it represents the diffusivity in
conjuction with space and time steps according to (2).
But if you consider the case where all the matter is
initially concentrated in position (x,y) then we can have
no more than 1/8 of the central matter moving outin each
direction while preserving an equal amount of matter in
the center. If we allow higher depletion, instabilities may
occur. The rule of thumb is then to choose Imax=0.125
for highest diffusivity and proportionately less for all
other values of D. In a three-dimensional case the
maximum value of /should be chosen to be 1/12 and for

the one- dimensional analysis /max=.25.

For our example we have chosen 25 segments along
the entire width and 25 along the entire lenght of the
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sample corresponding to a space step of 0.2u . Accord-
ing to (2) the time step At for our chosen diffusivity
amounts to 100 seconds, meaning that every time we
traverse the algorithmthe time advances by this amount.
Consequently, the annealed profile in Fig.7 is achieved
by executing the algorithm only three times (five
minutes).

In the C-algorithm above we have taken care of timing
implied by (18) which demands that all RHS variables
be taken at time t. As the execution moves from lower
to higher values of x and y we must postpone the update
of concentrations until we have moved to the next x-col-
umn. Therefore we save one whole x-column in L[y] and
load it into C[x - 1,y] column after the old values are no
longer needed. The first "for-loop” initializes the L-array
to whatever boundary value we wish to assign to the x
= 0 column. As the x-loop starts with the index 1, the
column x = 0 receives the initial values contained in L[y].
The very last "for-loop" updates the last x-column at X-1
and resets the L-array to the initial value which will
subsequently restore the boundary value at the x = 0
column again. Whatever we load into the X column
which lies outside the reach of the x-loop becomes the
upper boundary value for x. This column never gets
updated so it supplies the boundary conditions which it
contains to the X-1 column. In a similar fashion we can
impose the boundary values to the y-column or to any
point in the x-y domain, for that matter. This we do by
loading such conditions into the appropriate location
everytime the loops are traversed and the initial value
there has been changed by the algorithm.

This lenghty discussion of the boundary value problem
is intended to encourage those who have experienced
difficulties with similar problems in the continuous do-
main. The discrete nature of computerized analysis
makes the imposition of boundary conditions almost
intuitive.

Next we must compute the concentrations of holes and
electrons produced by the annealed profile. This is quite
straightforward when we invoke the neutrality condmon
Np-Na + p-n = 0 and the mass- actionlaw np = nf[3,4].

The following algorithm has been used to obtain Fig.8

n{xy) pxy)

\

.

IIII

III\\\\\

i

Fig. 8: Electron and hole distribution.
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for (x = 0; X < X; X++)
{for(y= 0;y<Y,;y++)
{if (C[x,y]>0.0)
{nlx,y] = Cix,y}2.0 + sqrt{C[x,y]"C[x,y}/4.0 +
2.0e20);
pix.y] = 2.0e20/n{x.y];

}
if (C[x,y] < 0.0)

{pIx,y] = - C[x,yy2.0 + sqrt(C{x,y]"C[x,y)/4.0 +
2.0e20);

n[x.yl = 2.0e20/p(x,y);
}

if (C[x,y]== 0.0) (n[x,y] = 0.0; p{x,y] = 0.0;}
}
}

where 2.0e20 stands for squared intrinsic concentration
of Silicon.

Gradients of holes and electrons seen in Fig.8 give rise
to their migration into the adjacent regions of iow density
whichdestroys the initially imposed neutrality. This gives
rise 1o electric fields which tend to oppose the migration
and which we will compute later. First we use (10) again
to compute the movement of charges but this time we
want to distinguish the migration rates of holes and

Qxy)=Clry)+p(xy)-nixy)

Fig. 9:

Net charge distribution after 10 picoseconds

electrons. We assign a diffusivity D, = 28 to the latter
and Dp = 9 to the former. These numbers are in fair
agreement with the respective impurity concentrations.
We assign the value I, = .125 to the highest diffusivity.
The corresponding value of Jp must then be .125x9/28 =
.04. With these values and with the force tactors initially
set to zero we have obtained the net charge density
distribution Q(x,y) shown in Fig.9 after approximately 10
picoseconds.

it is apparent from Fig.9 that the departure of electrons
along the four boundaries of the N-region produces a
net positive charge. Similarly the departure of holes from
the P-region produces a net negative charge all around
the boundary. A charge reversal is observed at the
junction. Implemention in C-language of equations (8)
through (10) which have produced Fig.9 is shown below.
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for(i=0;i<5;i++)
{for (x= 0; x < X; x++)
{for(y= 0;y <Y;y++)
{Fxy = .125%(fx[x,y] - fx[x+1,y] + fy[x.y]
-fyly+ 1]);
tempN = (.5-Fxy)*n[x,y] + .125"(1.0-fx[x,y])*n[x-1,y]
+ .125%(1.0 + fx[x+1,y])*n[x+1,y]+.125%(1.0-
fy[x,y])nlx,y-1] + .125*(1.0 + fy[x,y+1])" n[x,y+1];
nix-1,yl = Lly]; L[y] = tempN;
tempP= (.84 + Fxy)'p[x,y] + .04"(1.0 + fx[x,y] *px-
1.y] + .04*(1.0 - fx[x+1,y]*p[x+1,y] + .04*(1.0 +
fylx.yl)*plx,y-1] + .04*(1.0 - fy[x,y+1])*p[x,y+1];
pix-1,y] = Lly]; LIyl = tempP;

} Yfor(x= 0;x < X; x++)
for (y= 0;y < Y;y++)
Q[x,y] = C[x,y] + p[x.y] - n[x.y];

In the above we have made the following substitutions

by = Ee)dxsle  ffxt1y] = Exrap)axs
fylxyl = By Ay Blxy+1] = B(oy Ay

Ei(xy)

W
\\\\3‘ \“‘“\\\“""l,

\
0‘“‘\}“

Fig. 10:  Components of the electric field.

We have allowed five passes through the algorithm.
Because the time interval is At = / (Ax) /D each pass is
somewhat shorter than 2 picoseconds. The net charge
density Q(x,y)is obtained fromthe resulting distributions
of p(x,y) and n(x,y) as the last step in the algorithm.
When we substitute this into (16) and (17) we obtain the
two components of the electric field. These are shown
in Fig.10 and a C-version of the algorithm which gener-
ated the numeric values is reproduced helow the figure.

for(y= 0,y <Y, y++)
for (x = 0; x < X; X++)
{EX= EY = 0.0;
for (U= 0;u < X; u++)
for(v= 0;v<Y;v++)

{delY = v-y;
if(delY! = 0)
{delX = u-x+.5;

EX= EX+ Q[uyv] *delX/(delY*delY + delX*delX);
}
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delX = u-x;
if (delX!= Q)
{delY = v-y +.5;
EY = EY + Q[u,v] *delY/ (*delY*delY + delX*deiX),
}
}
fx[x,y]
fy}[x Yl

X*1.0e-10;
Y*1.0e-10;

The factor 107'° in the above takes account of the
permittivity of Silicon, of the integration intervals of the
factor g/kT and of the conversion between surface and
volume density of charges involved. An interpretation of
the major features of Fig. 10 tells us that the force on
electrons and holes is directed inward both along the
x-axis. The y field shows more intensity in the N-region
than in the P which has its origin in the higher donor
concentration and electron diffusivity. One major but
expected feature of the electric field Exis its high intens-
ity along the junction region. This field eventually blocks
the further migration of electrons and holes into the
adjacent regions. An actual simulation of a semiconduc-
tor structure would alternate between the last two algo-
rithms, computing the net charges fromthe first one and
finding the resulting force factors from the latter one.
These would then be substituted back into the first one.
An equilibrium would eventually be established at which
point te migration would cease completely.

Before we conclude let us recognize that the electronic
fields could be computed in an alternate way. Itis known
{5], [6], [7] that the expression we have derived for the
electric field from Coulomb’s law is in fact the formal
solution of the Poisson’s differential equation

OEx Oy _ Qxy)

& O . €

Where Q is the charge density. Unfortunately this one
equation withtwo unknowns and as such notvery useful.
But it is also known from the field vector theory [8] that
field components Ex and E, are the gradients of a
function V(x,y) which satisfies the Poisson equation in
the following way

3V (x,y)
ax2

LYy Q)
? ¢
When this equation is solved for the scalar quantity

V(x,y) the field components can be obtained as the
respective partial derivatives

WV (x
Ex(x)y) =- —_a%ﬂ

av (x,y)
Ey(xx)') =- ay
It turns outthat the effort in solving the Poisson equation
for the potential is comparable to what we have done

and our approach is more in keeping with the promise
of staying close to first principles. Nevertheless it ought

and
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to be pointed out that the Poisson equation in terms of
potential V(x,y) can be solved by the same algorithmwe
have developed for the particle transport by diffusion.
The diffusion equation in two dimensions with constant
diffusivity has the differential form

aV@yt) _ 8*Vy) 2V (xy,t)
at ax2 ay2
When add a source function L2 to the RHS of the

above and solve the equation for steady state condition,
i.e. aV(x,y,t)/otthe equation goes over into the form

2 2
OV(xy) , Vxy) | Qxy)
ax? 3y? €

Consequently we can solve the Poisson equation with
the aid of equation (15) as implemented inthe respective
C-algorithm when we add the source function Q(x,y)/e
to the RHS of the temp expression. When there are no
more changes between two successive evaluations of
temp the resulting distribution C{x,y]is the solution of the
Poisson equation. The results obtained for our test case
are identical with one or the other method and the time
consumed is about the same.

7.Conclusions

The transport equation and the equivalent of the Poisson
equation were derived from first principles without invo-
cation of unsubstantiated abstraction. The two-dimen-
sional case has been tested on a simple semiconductor
structure and the corresponding algorithms have been
presented in the C-language. The intent was to show
that the availability of computers warrants a fresh look
at the traditionally accepted mathematical models and
that more intuitive approaches are made possible by
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taking advantage of present-day computer perfor-
mance.
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POLYIMIDE RESIN CURING IN MICROELECTRONIC
APPLICATIONS
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ABSTRACT: Curing cycles of polyimide resins may be tailored to a specific microelectronics application, and polymerization times shortened without
compromising the quality of the resulting film. However, curing these resins below 300°C may prevent full imidization and degrade the film.

Termicna obdelava poliimidnih umetnih smol za uporabo v
mikroelektronskih tehnologijah

KLJUCNE BESEDE: mikroelektronika, smole umetne, smole poliimidne, temperatura polimerizacije, kakovost plasti, plasti tanke, degradacija plasti,

vulkanizacija plasti

POVZETEK: Termi¢no obdelavo poliimidnih umetnih smol, ki jih uporabljajo v mikroelektronskih tehnologijah, je mo& prilagoditi neki specifidni
uporabi. Vendar pa polimerizacija ne sme potekati pri temperaturah pod 300°C, ker sicer reakcija ne stede do kraja in kvaliteta takih polimernih

tankih plasti je slaba.

1. Introduction

The polyimide group of cross linkable polymers has
been investigated extensively in recent years, and suc-
cessfully applied as planarization layers, intermetal die-
lectrics, passivation films, alpha particle barriers, ad-
hesives, etc. in integrated as well as hybrid circuit tech-
nologies /1,2/.

Photosensitive polyimide resins have considerably in-
creased the number of different applications of these
materials /3/. The use of polyimide resins is primarily
justified by its superior chemical and physical properties
when cured, by its compatibility with many of the materi-
als used in hybrid and integrated circuit technologies,
and ease of their application which is similar to photore-
sist processing, including the required deposition and
curing equipment.

Some of the drawbacks of the polyimide resins, their
relatively short shelf life and gelled in time which influen-
ces their viscosity stability, can be bypassed by good
housekeeping and are usually of little concern in a
production environment.

Polyimide processing is relatively simple, convenient
and adaptable. However, with respect to times and
temperatures used in a curing cycle, there are restric-
tions which have to be observed when designing a
curing schedule for a specific application. IR spectros-
copy is a convenient tool for studying the state of poly-
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merization ofthese resins /8, 9/, and a study of polyimide
polymerization by this method is presented. (Results of
this study have been previously published /8/.)

2. Materials and methods

The polyimide resin used in this work was Hitachi
Chemical Co. PIQ (polyimide isoindoloquinazoline-
dione). The viscosity of the uncured resinis 1130 cps at
23°C. Tofacilitate spin coating the resin has been diluted
with DMSO (4 parts resinto 1 part solvent). No adhesion
promoter was used, even though in IC applications its
use seems to be necessary /11/. Silicon wafers were
coated with 2 successive coats of polyimide resin, re-
sulting in a 2.0 pm thick film. The first coat was applied
at 3000 RPM (30 sec) and dried at a 85°C for 30 min. to
remove the solvents. The second coat was then applied
and the resulting polyimide film cured. The two step
coating cycle has been used in order to obtain a uniform
film thick enough to yield IR spectra with an adequate
signal to noise ratio (100 : 1 in fully cured films). The IR
spectrometer used is a Perkin Elmer Model 783, oper-
ated in the transmission mode.

The curing cycle recommended by the vendor of the
resin is comprised of consecutive bakings at 100°C,
220°C, and 350°C for 1 hour each, in air ambient /4/.
This is similar to the curing schemes for other polyimide
products /1/.
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The intensity of the imide bond absorption line at 1377
cm™' /5/ was measured after the curing of the resin. No
increase of the line intensity could be observed by
increasing the duration and temperature of the recom-
mended curing cycle, and therefore a sample cured as
described above was considered to be fully cured.

The degree of polymerization of a partially cured resin
was obtained by measuring the intensity of the imide
absorption line, relative to the intensity of the line in a
fully cured resin.

3. Results and discussion

Time dependence of the degree of imidization during
curing at 200°C and 300°C is shown on Fig. 1. It can be
observed that at 300°C the resin is fully cured already
after 20 min. of curing time, without any previous baking
at a lower temperature. Obviously the recommended
curing cycle is set quite conservatively and can be
shonrtened without compromising the degree of poly-
merization of the polyimide film.

Curing the polyimide film even for extended periods at
200°C will not cause it to polymerize fully. Subsequent

19.3 hours

+1 hour at 300 °C

1 1
L1 00

i
5 100 min

time

Fig. 1:

Dependendence of the degree of imidization (in
%) on curing time at 200 deg. C and 300 deg.C.
After 19.3 hours at 200 deg. C the sample was
baked at 300 deg. C for one hour.

curing of the resin at 300°C, after it has been exposed
to 200°C for 20 hours, does not increase its degree of
imidization. This indicates that prolonged exposure of
uncured polyimide films to temperatures below 300°C
will inhibit complete curing of the films, thereby degrad-
ing their properties. This incomplete curing may be a
solvent effect, as described in literature /10/. In particu-
lar, the otherwise excellent scratch resistance of the
polyimide passivation films seems to be much reduced
by incomplete curing.

184

The activation energy of polymerization of the polyimide
resin is 70 kdJ/mole, as calculated from the data in Fig.
1. This value is on the high side of the range of the
activation energies of similar polymers /6,7/.

Temperature dependence of the degree of imidization
is shownon Fig. 2. Uncured films of polyimide resin were
baked for 1 hour at a centain temperature, and the
degree of imidization relative to the fully cured film
measured. As above, the degree of imidization at 200°C
remains limited, even after 20 hours baking time, and
the film will not cure fully under subsequent exposure to
300°C. However, in films cured at 100°C subsequent
high temperature curing will somewhat increase the
degree of imidization.

Fig. 2:

Temperature dependence of the degree of
imidization (in %) after 1 hour of curing time.

4. Conclusion

The standard curing schedule of the polyimide resin
offers some latitude with respect to the reduced baking
times. This is not true for the curing temperatures -
extended exposures of the uncured resin films to tem-
perature below 300°C will prevent full imidization of the
material, thereby considerably reducing the properties
of the polyimide films. This has to be taken into the
account when designing a curing schedule for a specific
application.

The author gratefully acknowledges the discussions and
assistance with the IR measurements of Dr. F. Cernec
of the Institut za celulozo in papir, Ljubljana.
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NOVA GENERACIJA Mn - Zn FERITOV ZA MOCNOSTNE
APLIKACIJE

Andrej Znidarsié

KLJUGNE BESEDE: materiali magnetni, feriti mognostni, MnZn feriti, lastnosti magnetne, pretvorniki napetostni, napajalnik moénostni, raziskava
materiala, podrogje frekvenéno, permeabilnost zaGetna, predmagnetizacija, izgube magnetne

POVZETEK: Studirali smo feritne materiale uporabne v razlignih napetostnih pretvornikih. Izbolj$ali smo njihove magnetne lastnost, zvisali zaCetno
permeabilnost i in nasidenjsko magnetizacijo Bs ter zmanjali magnetne izgube P/V. Novi feritni materiali so posebno primerni za aplikacijo s
predmagnetizacijo v frekvenénem podrocju od 300 kHz do 1 MHz.

A new generation Mn - Zn ferrites for power applications

KEY WORDS: magnetic materials, power ferrites, MnZn ferrites, magnetic properties, voltage converters, power supplies, materials research,
frequency domain, initial permeability, premagnetization, magnetic losses

ABSTRACT: Ferrite materials for different switch power supplies were studied. The magnetic properties were improved. Initial permeability - ui and
saturation magnetisation - Bs were increased, while the magnetic losses P/V were decreased.

The popular frequency range for switching power supplies is from 10 to 300kHz at present, but it is more likely to be 500 kHz to some MHz in the
near future.

itis well-known that predominant losses in Mn-Zn ferrite are hysteresis and eddy current losses. The main motivation for using ferrite in transformers
cores are low eddy current losses. Eddy current loss can be reduced by increasing the resistivity of the ferrite which depends on the grain boundary
resistivity and the grain resistivity.

Three type of additions can be distinguished with respect to the kind of incorporation in the basic ferrite. The first type of addition acts indirectly via
liquid phase formation and influence the microstructural development during sintering.

Additions of the second type modify the grain boundary chemistry and increase the grain boundary resistivity, as for example Ca, Si.

The third type of cation is soluble in the spinel lattice, as for example Ta, Sn etc. They effect the intrinsic properties such as magnetization, anistropy,
resistivity and after effects.

The desired chemical composition must lead to a high saturation magnetization and to a total anistropy optimized according to the operating
frequency, the operating temperature and the ceramic microstructure.

Raw material quality determines ferrite quality. The microstructure of high frequency power ferrite must be controlledvery carefully. So for synthetising
a power ferrite with high performances, the raw materials impurities content and powder reactivity before firing have to be controlied precisely.
Firing is a very important step in the process, because it is during this step that the ferrite is definitively synthesized and that the microstructure is
performed. So atmosphere control in firing profile have to be carefully chosen.

Our main goal was to obtain a fine and uniform microstructure and this has been possible by controlling sintering temperature, heating rate and
high temperature soak time. Moreover, during the firing, the oxygen partial pressure pOz determines the Fe™ / Fe™* ratio and then increase the
resistivity by decreasing the hopping mechanism.

A new power ferrite designated as 35G, 45G and 65G for switching power supplies in frequency range from 300 kHz to 1 MHz has been successfully
developed and put in the market already.

UvoD novih feritnih materialov z nizkimi magnetnimi izgubami
v irokem frekvenénem podrocju.

Feriti so in ostajajo tehni¢no zelo pomembni oksidni

materiali. Obseg in uporaba feritnih jeder se na razli¢nih Z razvojem nove generacije moénostnih Mn - Zn feritnih
podrogjih elektronike zelo spreminja. Zavisi od razvoja materialov in izpopolnjenih geometrijskih oblik jeder, ki
in aplikativnih sposobnosti samih feritov, kot tudi drugih omogoc&ajo prenose vecjih mogi pa prodira uporaba
pasivnih in aktivnih komponent. S prehodom od anal- feritnih jeder tudi na podrocje Sirokopotrosne in profe-
ogne na digitalno telekomunikacijsko tehniko se vecajo sionalne elektronike (napajalniki, linijski transformatorji,
potrebe po $irokopasovnih prenosnikih, s prodorom impulzni transformatoriji, vrstiéni transformatoriji, impulz-
elektronike na razlicna podrodja tehnike pa narascajo ni napetostni pretvorniki, razne dusilke, varilne elek-
potrebe po necentraliziranih tokovnih izvorih, impulznih trode), torej na podrocje tako imenovane energetske
napetostnih pretvornikih itd., v katerih so vgrajeni viso- elekironike. Z razvojem tranzistorja, mo¢nostnega
kofrekven&ni maloizgubni mo¢nostni Mn - Zn feriti. Po- MOSFET in hitrega bipolarnega tranzistorja smo v zad-
trebe po prenosu vedjih moci ob istoasnih zahtevah po njih tridesetih letih doziveli takoimenovano drugo
miniaturizaciji pa narekujejo raziskave v smeri razvoja elektronsko revolucijo. Uporaba in razvoj MOSFET in
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hitrih bipolarnih tranzistorjev omogoca delovanje in upo-
rabo razli¢nih napetostnih pretvornikov pri frekvencah
tudi nad 500 kHz. Delovaniju pri tako visokih frekvencah
pa morajo biti prilagojene tudi lastnosti mo¢nostnih ferit-
nih materialov in jeder. Feritni materiali uporabni v na-
vedenih aplikacijah in Sirokem frekvenénem podroéju od
300 kHz do 1 MHz se odlikujejo po visoki nasiéenjski
gostoti Bs, Curievi temperaturi Te, notranji upornosti (p)
in zacetni permeabilnosti w;, prilagojeni delovni (uporab-
ni) frekvenci ter po nizkih temperaturno in frekvendéno
odvisnih magnetnih izgubah (P/V), ki dosegajo minimal-
no vrednost pri delovni temperaturi magnetnega sklopa.
Pri delovnih frekvencah Mn - Zn feritnega jedra f = 500
kHz je zelo pomembna temperaturna odvisnost magnet-
nih izgub. Magnetne izgube v splo§nem naraécajo z
rastoco frekvenco, kar povzroca segrevanje feritnega
jedra in celotnega magnetnega sklopa. Zato je zelo
pomembno, da imajo mo¢nostni Mn - Zn feritni materiali
visoko Curievo temperaturo T 2 200°C, kar dosezemo
$ primerno kemijsko sestavo bogato s FeOsin MnzOs,
ter visoko nasicenjsko gostoto pri delovni temperaturi
Tael = 90 do 105°C. Magnetne izgube ustreznega Mn -
Zn ferita morajo imeti negativni temperaturni koeficient
in doseci minimalno vrednost na podrocju delovne tem-
perature magnetnega sklopa. Na magnetne izgube fe-
ritnega materiala vplivajo razliéni faktorji, kot so: ke-
mijska sestava, valenca ionov, nedistoce, dodatki (Sn,
Ti, Ca, Ta), pore in njihova porazdelitev ter pojavi na
mejah med zrni. Zato je potrebno za zmanj$anje mag-
netnih izgub prepreciti vse navedene vplive, dobro ob-
vladovati tehnoloski proces izdelave feritnih jeder, po-
sebno pripravo feritnega prahu in sintranje. Feriti z niz-
kimi magnetnimi izgubami so zaZeleni skoraj v vseh
aplikacijah, izjema je le absorbcija elektromagnetnih
valov v podro¢ju resonanénih frekvenc. Pri feritih z
visoko nasiCenjsko gostoto in nizko magnetokristalno
anizotropijo, dosegamo sicer visoke permeabilnosti,
vendar pa nizke specifi¢ne upornosti zaradi prisotnosti

Fe?*in takoimenovanega Hooping efekta Fe?* <—s
Fe3*+ 1% ki zviSujejo magnetne izgube zaradi vrtin-
Castih tokov. Hooping efekt zaéne postopno narad&ati,
ko prekoracimo delovno frekvenco f = 100 kHz. DuSenje
omenjenega efekta je mozno z zvidanjem specifi¢ne
upornosti, kar dosezemo z dopiranjem razli¢nih malih
dodatkov (npr. Ti‘“g. Ti zasedejo v kristalni resetki B
mesta v blizini Fe“* iona in tako preprecijo gibanje
elektronov med Fe®* in Fe3*. Druga moznost dudenja
omenjenega efekta ter s tem zmanj$evanja magnetnih
izgub, kot posledica vrtincastih tokov, je tvorba izola-
cijskega filma na mejah med zmi, kar dosezemo z
dopiranjem razliénih malih dodatkov (npr. Ca®, Si®*).
Kemijska sestava samih zrn se pri tem ne spreminja,
dopanti se koncentrirajo na mejah med zrni, kar omo-
goca ohranjanje nizkih magnetnih izgub feritnega ma-
teriala. Tretja moZnost zvianja specifiéne upornosti in
s tem zmanjSanja magnetnih izgub, je pravilen razvoj
mikrostrukture koncnega feritnega materiala, na katero
vplivamo predvsem s fazo sintranja. Ce je mikrostruktu-
ra nehomogena in se kemijska sestava v posameznih
zrnih spreminja je distribucija magnetnega pretoka in
permeabilnosti v zrnih neenakomerna. Ker razmerje
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med gostoto magnetnega pretoka B in moénostnimi
izgubami ni linearno, povzroéi nehomogenost magnet-
nega pretoka, zvianje magnetnih izgub v samem feritu.
Zato pri pripravi mocénostnih feritnih materialov uporab-
nih pri visjih frekvencah uporabljamo zelo &iste vhodne
surovine, rast zrn pri sintranju pa zaviramo z uvajanjem
raznih dodatkov (npr. Ta>*, Sn**).

TIPICNE MAGNETNE LASTNOSTI

Mocnostni Mn - Zn feriti so poleg trajnih keramiénih
magnetnih materialov, komercialno najuspesnejse
podrogje, s trendom rasti cca. 10 - 15 % na leto. Potrebe
po prenosu vecjih moci ob isto¢asnih zahtevah po mini-
aturizaciji pa usmerjajo raziskave v smeri razvoja novih
materialov, novih geometrijsko prilagojenih oblik, kakor
tudi v smeri izboljSave Ze obstojedih feritnih materialov.

Tudiv Feritih, edinem proizvajalcu feritnih materialov na
podrocju Slovenije, se zavedamo, da brez sledenja in
prilagajanja hitrim tehnoloSkim dosezkom, ki jih vsak
dan dozivljamo na podro&ju Sirokopotrodne in profesio-
nalne elektronike ni mogoce dolgo ostati na zahtevnih
trgih razvitega sveta, kamor smo zaradi majhnosti nase-
ga trZid¢a prisiljeni izvazati cca. 80 % celotnega proiz-
vodnega programa. Zaprtost in skope informacije na
podrocju trzno zanimivih elementov za elektroniko nas
sili, da veliko pozornost posve¢amo lastni razvojni de-
javnosti, v tesnem sodelovanju z IJS - K 5. Plod skup-
negarazvojnega dela mesanegatima R.O. - Feritiin 1JS
- K'5 je tudi razvoj in vpeljava redne proizvodnje nove
generacije moénostnih Mn - Zn feritov, s katerimi smo
se izenacdili z materiali, ki jih proizvajata renomirana
proizvajalca Siemens in Philips.

Zadetna permeabilnost in W izgube v
odvisnosti od temperature (45G, N67)

Diagram 1:
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Tabela 1.- Mo&nostni Mn - Zn ferit uporaben v frekven-
énem podro¢ju do 300 kHz

Material Wi PV |[t=100kHz, [B=01T| B(mT)
(mWiem®)|  100°C 25°C | 100°C

25°C
45G - Iskra 2300 <170 < 110 2500 2320
N67 - Siemens | 2300 < 160 < 100 2510 > 320
3C85- Philips | 2000 < 230 < 165 =500 2330

T —— 3o
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0
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Diagram 2:  Zadetna permeabilnost in W izgube v
odvisnosti od temperature (35G, N87)

Tabela 2.- Mo&nostni Mn - Zn ferit uporaben v frekven-
¢nem podrocju do 500 kHz

Material pi PV f=500kHz, |[B=01T| B{(mT)
(mWiem®)|  100°C 25°C | 100°C

25°C
35G - Iskra 2000 [ <300 < 230 2500 2320
N87 - Siemens | 2300 | < 290 < 240 2510 =320

3F3-Philps  12000| < 225 < 230 =500 >330

(mWicm3)

IR

P

Diagram 3: Zaletna permeabilnost in W izgube v
odvisnosti od temperature (65G, N49)

Tabela 3.- Moénostni Mn - Zn ferit uporaben v frekven-
¢nem podrocju do 1 MHz

Material wi PV |1=500kHz, |[B=0.1T| B(mT)
(mWiem®)|  100°C 25°C | 100°C

25°C
65G-Iskra {2000 <180 <190 2490 | =320
N49 - Siemens | 1400 < 150 < 170 2510 2320

3F4 - Philips | 2000 < 175 < 180 2500 2330

ZAKLJUCEK

Recesija, ki je zajela svetovni trg elektronske industrije
v letih 1991, 1992 in se v dolodeni meri prenesla tudi v
leto 1993, je moc¢no vplivala na strukturo povpradevanja
po feritnih materialih. Tako imenovan klasi¢en program
feritnih materialov, ki je v preteklem obdobju obviadoval
predvsem podroje zabavne elektronike in razliCne
telekomunikacijske sisteme, zaradi zasi€enosti, velike
ponudbe na svetovnem trgu in spremembe tehnologije
izdelave, izgublja svoj prvotni namen. Glede na trende,
ki se pojavljajo na podrocju elektronske industrije v
smeri video teleinformatike, prenosne telefonije, satelit-
skih telekomunikacij, zabavne elektronike (HDTV) in
napajalnikov razli¢nih oblik in dimenzij, se spreminjatudi
struktura trzno zanimivih Mn-Zn feritnih materialov.
Najvidjo stopnjo rasti predstavijajo visokofrekvencni
modnostni Mn-Znferiti, ki pokrivajo frekvenéno podrocje
od 300 kHz do 1MHz, vgrajeni v razli¢nih napetostnih
pretvornikih in napajalnikih, med katerimi so prav gotovo
najpomembnej$i SMPS (Switch Mode Power Supplies),
ki pomenijo pravo revolucijo v omenjenem razvoju. Raz-
voj omenjenih napajalnikov sovpada z razvojem hitrih
bipolarnih tranzistorjev, ki usmerjene signale na vhodu
spremenijo v pulze visokih frekvenc, ter jih nato s ferit-
nimi transformatorji transformiramo na zahtevano izhod-
no napetost.

Z razvojem nove generacije mo¢nostnih Mn - Znferitov,
smo razsirili svoj program trzno zanimivih visokokvalite-
tnih Mn - Zn feritnih materialov ter se po lastnostih
izenadili s Siemensomin Philipsom, ki statrenutno edina
evropska proizvajalca omenjenih kvalitet.

Zaradi hitrih sprememb, ki jih vsak dan doZivljamo na
podrocju elektronike, usmerjamo svoje nadaljne raz-
vojne akcije skladno s trendi svetovnih proizvajalcev, v
razvoj visje frekvencnih Mn-Zn feritov, ki bodo vgrajeni
v razliénih visokonapetostnih transformatorjih v frekven-
énem podrodju do 1.5 MHz ter novo kvaliteto visokoper-
meabilnih Mn-Zn feritov (i = 15000), ki bodo vgrajeni v
razliénih transformatorjih, induktorjih ter visokoselektiv-
nih filtrih na podrocju profesionalne, prenosne in za-
bavne elektronike ter telefonije, zaradi prodora minia-
turizacije in prehoda iz analognih na digitalne telefonske
sisteme.
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RAZISKAVE SEGREGACIJE ANTIMONA NA POVRSINI
NEORIENTIRANE ELEKTRO PLOCEVINE Z METODO
AES

M. Jenko, F. Vodopivec, B. Praéek, M. Godec, D. Steiner

KLJUGNE BESEDE: plogevina elektro, plogevina silicijeva, jekla silicijeva, plogevina elektro neorientirana, lastnosti magnetne, izgube v jedru,
termodinamika segregacije, antimon, difuzija antimona, rekristalizacija, orientacija zrn kristalografska

POVZETEK: Segregacijo antimona na povr$ini neorientirane elektro plogevine smo raziskali z eksperimentaino metodo osnovano na spektroskopiji
Augerjevih elektronov, ki smo jo razvili v ta namen. V temperaturnem podrogju od 500 do 850°C smo dologili kinetiko rasti segregirane plasti
antimona. Ocenili smo difuzijski koeficient antimona v siliciranem feritu in izradunali aktivacijsko energijo difuzije.

AES Investigation of Surface Segregation of Antimony in Non
Oriented Electrical Sheets

KEY WORDS: electro sheet, silicon sheet, silicon steels, nonoriented electric sheet, magnetic properties, core losses, segregation thermodinamics,
antimony, antimony diffusion, recrystallization, crystalographic grain orientation

EXTENDED ABSTRACT: The segregation of antimony on the surface and interfaces of iron-base alloys is interesting from different point of view
and has been discussed in several papers. Itis well known that several elements act as severely embrittling impurities in steel, among them antimony,
and that they strongly segregate to grain boundaries of body centered cubic iron-base alloys. A beneficial effect of a small amount of antimony 0.03
- 0.1 wi% Sb in silicon electrical steels on the recrystalization behaviour and on energy losses was also found (1-10). It has been recognized that
the small addition of Sb results in substantial texture improvement in non oriented and oriented silicon steels. The possible explanation of this effect
is that antimony being a surface active element, segregates on the surface and grain boundaries and affects the recrystalization behaviour producing
an increase of the number of ferrite grains with soft magnetic lattice space orientation in the sheet plane. Itis suggested that the nucleation of grains
with (111) orientation occurs in the vicinity of the original hot band grain boundary (13) and antimony might be responsible for retarding the nucleation
rate of the (111) orientation.

The aim of this work was to determine the kinetics of surface antimony segregation in Fe-Si alloy dopped with antimony using an AES surface
analytical method (20). Such alloy of Fe-Si with approximatly 2 %Si is widely used as nonoriented silicon electrical sheet, where grain orientation
improves magnetic properties (1-6).

Kinetics of surface segregation of antimony in Fe-Si alloy in the temperature range from 500 to 850°C was measured using a new developed
experimental method based on Auger Electron Spectroscopy.

The amount of segregated antimony on the surface of transformer steel increased in temperature range from 600 to 700°C. The saturated layer
thickness of 0.3 nm was estimated with AES depth profile analysis, which correspond to the calculated value of one Sb monolayer. At the
temperatures T 2 750°C a diminution of the amount of segregated antimony was measured, probably provoked by surface evaporation process or
connected with the phenomenon of maximum of reversible segregation (11-15) .

In the temperature range from 650 to 750°C only Sb segregation was measured. From the surface segregation kinetics and its temperature
dependence in the temperature range from 650 to 750°C, the diffusion coefficient and activation energy of Sb diffusion in bulk of 260 kJ mol™" were
determined in good agreement with data of Nishida (25).

On the basis of obtained results we assume that Sb segregation could decrease the surface energy of grains emerging to the surface and through
it could affect also the kinetics of grains growth.

The investigation of recrystallized grain growth in silicon electrical sheet shows that antimony grain boundary segregation hinders the formation of
recrystallized nuclea in the temperature range from 500 to 700°C (16,17,26) and it is supposed that the surface segregation affects the
recrystallization by decrease of surface energy of soft magnetic grains, and their growth to the final texture and through it decreases the core loss.

1. UVOD vatnih izgub na kilogram teze ploGevine (W/kg) pri
dologeni magnetilnosti (1). Vatne izgube so torej energi-
ja, ki je potrebna za preusmerjanje elementarnih mag-

Elektro plocevina je klju¢ni material za generiranje in netnih domen z zasukom mej med njimi (Blochove
transformacijo elektriéne energije. Mehko magnetni ma- stene) in za pokrivanje izgubnih tokov. Na vatne izgube
teriali se v obliki lamel uporabljajo za jedra elektri¢nih, vplivajo naslednji faktorji: kemijska sestava, nedistoce,
vitecih se strojev, transformatorjev in naprav. V teh se napetosti, velikost zrn, orientacija zrn, debelina lamelin
spreminja smer magnetnega polja v odvisnosti od stanje povrsine (1,2).

frekvence izmeni¢nega toka. Za spremembo smeri
magnetenja je potrebna energija, ki se izraza v obliki
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Med ekonomsko pomembne mehko magnetne materi-
ale sodijo silicijeva jekla, ki jih uporabljamo v proizvodnji
neorientiranih in orientiranih elektro ploCevin (1-6).

Neorientirana, oz. neteksturirana elektro plogevina, di-
namo plocevina, mora biti izotropna, da so vatne izgube
neodvisne od smeri pod katero se glede na smer valjan-
jaiz nje izrezejo lamele za magnetna jedra. Orientirane
elektro ploCevine pa morajo imeti tako teksturo, dasov
ravnini valjanja le kristalna zrna z lego (110) ali (100),
kristalna smer /001/ pa se ujema s smerjo valjanja. Te
vrste plo€evine, imenovane tudi trafo plocevine, imajo
nizje vatne izgube in iz njih izdelujejo posebno oblikova-
na magnetna jedra za transformatorje (1-6).

NarascajoCi energijski stroski so privedli do zahteve po
energijsko zmogljivejSih motorjih in transformatorjih ter
do vedno novih raziskav in razvoja jekel za elektro
ploCevine. Elektromagnetne lastnosti, ki jih zahtevamo
od elektro plocevin so: visoka magnetilnost, visoka per-
meabilnost in nizke vatne izgube ob ¢im nizjih proizvod-
nih strodkih (1-6).

Znano je, da majhni dodatki antimona (0.03% - 0.1% Sb)
v silicijeva jekla ugodno vplivajo na nastanek teksture,
v neorientiranih elektro ploc¢evinah in zmanj$ajo vatne
izgube (8- 16).

Antimon je povrsinsko aktiven element, ki segregira po
mejah zrn in po prostih povrsinah. Segregacija je v
metalurgiji uveljavljen izraz za adsorbcijo. Na rekristali-
zacijo vpliva s tem, da pospeduje rast rekristaliziranih
ztn z magnetno mehko lego blizu ploskve (100), oz.
zavira rast rekristaliziranih zrn z magnetno trdo lego
blizu ploskve (111) v ravnini ploCevine, slika 1.
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Slika 1:  Magnetilne krivulje za monokristal prostorsko

centriranega Zeleza v odvisnosti od
kristalografske smeri (1),

Kinetika segregacije je odvisna od koncentracije segre-
girajoCega elementa v masivnem materialu in od difu-
zije. Grabkejeva skupina je raziskala binarne sisteme
Fe-C, Fe-Si, Fe-Al, Fe-P, Fe-S, Fe- Sn, Fe-Sb z name-
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nom, da bi dolodili ravnotezno segregacijo in njihovo
medsebojno delovanje z razlicnimi elementi (23).

Komercialna jekla so kompleksni sistemi in za ocenitev
segregacije v njih je potrebno raziskati vsako jeklo pose-
bej (14).

Segregacijo antimona na povrsini neorientirane elektro
ploCevine smo Studirali v ultra visokem vakuumu v tem-
peraturnem podroé¢ju od 500 do 850°C. Kinetiko rasti
segregirane plasti na povrsini neorientirane elektro
plogevine smo zasledovali z metodo AES, z direktnimi
meritvami; to je z zasledovanjem ¢asovnega poteka
spremembe razmerja intenzitet vrhov Augerjevih
elektronov antimona in Zeleza lIsy/Ire.

Kinetiko segregacij smo zasledovali na povrsini, ki je bila
predhodno ocisCena z ionskim jedkanjem. Koncentraci-
jo antimona, ki je segregiral na povrsino smo dolodili v
odvisnosti od temperature in od koncentracije v masiv-
nem materialu. 1z kinetike segregacije Sh na povrsini
smo ocenili difuzijski koeficient in aktivacijsko energijo

difuzije antimona v siliciranem feritu.

2. 1IZHODISCE RAZISKAVE

Studij segregacije elementov po mejah zrn, po faznih
mejah in po prostih povrsinah je bil omogoden Sele z
razvojem modernih, ob&utljivih metod za karakterizacijo
trdnih povrsin. Legirni elementi in elementi necistog
segregirajo v posameznih fazah proizvodnega procesa
in povzrolajo razli¢ne transformacije v trdnem. Nekateri
elementi selektivno vplivajo na procese, ki se zagenjajo
na povrsini kot so adsorbcija, oksidacija, rekristalizacija
itd.; krhkost materiala, sintranje, lezenje itd., pa so v
direktni povezavi s sestavo na mejnih povrsinah
(2,20,21).

V zadnjem desetletju je bila s tega podrocja objavljena
cela vrsta del, v Katerih avtorji Studirajo segregacije
elementov, ki se v zelo nizkih koncentracijah nahajajo v
jeklih in njih vpliv na kvaliteto konénega izdelka (2,11-
17).

O koristnem vplivu Sb v silicijevih jeklih za neorientirano
elektro plocevino na razvoj teksture je porocalo veé
avtorjev (3-17).

Studij segregacij na povrdini elektro plocevine je v slo-
venskem prostoru pogojeval razvoj nove eksperimen-
talne metode, ki temelji na metodi AES (11-14). Omo-
gocCaraziskave v vakuumski posodi spektrometra Auge-
rievih elektronov v UVV pri temperaturah do 850°C.

Ciljnasih raziskav je razumevanje segregacije antimona
na povrsini neorientirane elektro plocevine in njenega
vpliva na razvoj teksture, ki je v neposredni povezavi z
vatnimi izgubami, ki so osnovno merilo za kakovost
elektro ploCevine.
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3. EKSPERIMENTALNO DELO

Jeklo za neorientirano elektro plocevino je bilo izdelano
s taljenjem v laboratorijski vakuumski indukcijski pe¢€ na
InStitutu za kovinske materiale intehnologije. Ulito je bilo
vingote, ki so bili vroe izvaljani v trak debeline 2,5 mm.
Ta je bil nato hladno izvaljan do debeline 1,2mm in po
vmesnem Zzarjenju za razoglji¢enje in rekristalizacijo,
izvaljan do koncne debeline 0.5mm.

Studij segregacije antimona na povr$ini neorientirane
elektro ploCevine, je potekal v dodatno opremljenem
spektrometru Augerjevih elektronov PHI, Model SAM
545 A.

Vzorce iz jekla, s kemijsko sestavo: 1,89 % silicija, 0,5
% aluminija, 0,15 % mangana 0,003 % ogljika, 0,011 %
zvepla, 0,016 % fosforja in 0,052 % antimona, dimenzij
30 x 1,5 x 0,1 mm, smo elektro uporovno segrevali.
Debelejsih vzorcev ne moremo uporabiti zaradi ome-
jitev, ki nastopijo pri elektro uporovnem segrevanju vzor-
ca v ultra visokem vakuumu. Temperaturo smo kontro-
firali s termoclenom Fe-CuNi, premera 0,1mm, ki smo
gatockovno privarili na zadnjo stran vzorca v neposred-
no blizino analiznega mesta.

Povrsino vzorca smo pred segrevanjem v vakuumski
posodi spektrometra ocistili z ionskim jedkanjem med
cikliénim segrevanjem. Na ta nacin smo lahko, na
povrsini, odstranili vse necistoe razen ogljika. V tem-
peraturnem podro¢ju od 300 do 500°C segregira na
povrsini ogljik, ki se pri visjih temperaturah raztaplja v
feritu.

S profilno AES analizo smo ocenili debelino segregirane
plasti antimona na povrSini vzorca (19,21). Hitrost jed-
kanjaantimonasmo ocenili s primerjavo hitrosti jedkanja
tanke Sb plasti znane debeline (21).

Po konCanem eksperimentu smo povrsino vzorca odistili
z Artioniin s ponovnim segrevanjem znova zasledovali
nastanek segregacije na povrsini. Tako smo lahko brez
poseganja v vakuumsko posodo spektrometra en vzo-
rec uporabili za ve€ poskusov.

AES analize so bile izvedene s stati¢nim elektronskim
curkom 3keV / 1uA, premera 45 um pri vpadnem kotu
30°.lonsko jedkanje je potekalo z Ar*ioni, ene gije 1 keV
in 3 keV , pri gostoti ionskega toka 0,138Am™, merjeni
pri vpadnem kotu 47°.

Ob¢utljivost AES metode je 0,1 at.%, relativna natan-
¢nost pa 0,5%.

4. REZULTATI

Kinetiko segregacije antimona na povrsini vzorca smo
dolodili z direktnimi meritvami, to je z zasledovanjem
¢asovnega poteka spremembe razmerja intenzitet
prehodov Augerjevih elektronov Sb(M4sNasNas) in
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Fe(LMz,3V) pri kinetiénih energijah 454 eV za Sb in 651
eV za Fe. Kinetika segregacije antimona na povrsini
neorientirane elektro plocevine pri konstantnih tempera-
turah 550, 650, 700, 750, 800 in 850°C je prikazana na
sliki 2.
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Slika 2:  Kinetika segregacije antimona na povrsini

neorientirane elekiro plocevine pri temperaturah
650, 700, 750, 800 in 850°C.

Vsebnost antimona v neorientirani elektro ploCevini, to
je v masivnem materialu je 0,02 at.%, kar je pod mejo
obcutljivosti AES metode. Rast segregirane plasti anti-
mona smo z metodo AES lahko zasledovali Sele pri
procesu segrevanja, pri temperaturah T>600°C. Anti-
mon pri¢ne na povrsini neorientirane elektro plocevine
segregirati z zaznavno hitrostjo $ele pri 600°C in doseze
maksimalno vrednost pri 700°C, s koncentracijo okrog
15 at.% Sb. Pri vigjih temperaturah (T=750°C) je debeli-
na segregirane plasti antimona nekoliko nizja, kar si
fahko razlagamo s pojavom maksimuma reverzibilne
segregacije, oz. z odparevanjem antimona, kiima visok
parni tlak; slika 3.

Kinetika segregacije je odvisna od koncentracije segre-
girajocega elementav masivhem materialu in od stopnje
difuzije.

S profilno AES analizo smo ocenili debelino segregirane
plasti antimona na povrsini ploevine, ki je nastala po 30
minutah Zarjenja na 700°C. Ocenjena vrednost debeline
segregirane plasti Sb je 0.3 nm, kar je enako izradunani
vrednosti debeline za 1 monoplast antimona. Debelino
ene monoplasti antimona smo izra¢unali s pomocjo
atomske mase in gostote d=(M/ Na)"®, pri demer je:
d-poprecna debelina monoplasti, M- molska ali atomska
masa - gostota snovi in Na - Avogadrovo Stevilo (18).
Hitrost jedkanja antimona smo ocenili z jedkanjemtanke
naparjene Sb plasti znane debeline (11).

Iz kinetike segregirane plasti antimona na povrsini neo-
rientirane elektro ploCevine in njene temperaturne od-
visnosti smo v temperaturnem intervalu 650-750°C z

uporabo Cranckove enadbe (22) Cs= 20b(%‘)”2, kjer
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Slika 3:  AES spektri povrsine neorientirane elektro

plodevine z Augerjevimi vrhovi Fe (598eV, 651
eVin 703 eV), Sb (454 eV), C(272 eV), O(510
eV), P(120 eV), S(152 eV), Al(1396 eV) in
Si(1616 eV) v segregirani plasti na povrsini
plolevine po 20 minutah Zarjenja pri
temperaturi 550°C, po 60 minutah Zarjenja pri
650, 700, 750 in 800°C ter po 10 minutah pri
temperaturi 850°C.

pomeni ¢s, Cv- koncentraciji antimona na povrsini, 0z. v
masivnem materialu, D-difuzijski koeficient antimona v
masivnem materialu in t- &as; ocenili difuzijski koeficient
in aktivacijsko energijo difuzije.

Aktivacijska energija difuzije antimona v siliciranem feri-
tu je enaka 260 kJ/mol, frekvencijski faktor Do smo
izracunali iz enacbe, ki jo podaja Nishida (25): In Do =
9.3x10°Q-25.9

Antimon segregira na povrdini neorientirane elektro
ploCevine v temperaturnem podrocju v katerem poteka
tudi proces rekristalizacije, ki je kljuen priizdelavi le-te.
Torej lahko vpliva na tvorbo teksture in s tem posredno
na zmanjdanje izgub. Raziskali smo vpliv antimona na
rast rekristaliziranih zrn tako, da smo raziskali dve jekli
iz enakih osnovnih surovin od tega je bilo eno mikrole-
girano z antimonom. V temperaturnem podrod&ju od 700
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Slika 4:  Odvisnost med trajanjem Zarjenja in velikostjo

zrn za jekla z in brez antimona

do 800°C smo dolodili velikost rekristaliziranih zrn v
obeh preiskovanih jeklih, slika 4.

|z rezultatov te raziskave je mogoce sklepati, da je v
jeklu z antimonom nastanek rekristalizacijskih kali
pocasnejsi kot v jeklu brez antimona. Zato so zrna po
koncani rekristalizaciji ve¢ja v jeklu z kot v jeklu brez
antimona, kar si razlagamo z dejstvom, da je v prvem
primeru mogo¢a dalj ¢asa rast kali v deformiranem
matriksu (16, 17, 26).

Z uporabo jedkala in postopka opisanega v referenci 27
smo dobili jedkalne figure, katerim smo s SEM posnetki
v vrsticnem mikroskopu dolodili priblizno kristalografsko
orientacijo zrn glede na smer valjanja v vzorcih jekel z
in brez antimona, po Zarjenju za rekristalizacijo, slika 5.

Iz slike 5 je razvidno, da je gostota zrn z magnetno
mehko lego blizu ploskve (100) veliko vegja v jeklu
mikrolegiranim z antimonom (b), kot v nelegiranem jeklu
(a), kar potrjuje hipotezo ugodnega vpliva mikrolegiranja
jekel za neorientirano elektro plogevino z antimonom.



Informacije MIDEM 23(1993)3, str.190-195

M. Jenko, F. Vodopivec, B. Pracek, et al.: Raziskave
segregacije antimona na povr§ini neorientirane elektro...

1711

,A\\

A6

) p ] \\ ’//”«\

yaa 7\

) ///u

A i)

A8 1 \"\//m\ P
/8 e ,’/’;1 4 ’;;//“'1‘
/3 s 3,2;%“6”‘;/’/“& 0
v A LT
/W\/“/}1,, » 0 |
AR s 0 ‘
! P00 | <

111
o
/,,,u‘\ 8
P
/;‘/ 4 » U\? 4 \
/ ‘. if‘\ 3 }‘& ”\;
n‘ 0 'u‘\t‘ 1 :
{ O [Y n O ”{ Oﬁ‘ u:‘
. “:: 1"“ 0 u" 65 1 m.\ 4 ‘i‘,
FAREETRRE N ol
S W 1«: T [;% ”% 5 “
A 0 e
e a2 s 3T
//"1‘ i(f.r' ‘» ! i "—64[ "u: n‘(" “i ui
£200010:3,0,510 214 ]3]
001 110
Slika 5:  Pozicije jedkalnih figur kristalnih zrn glede na
pravokotno projekcijo v standardnem trikotniku
a) za nelegirano jeklo
b) za jeklo legirano z antimonom
5.ZAKLJUCEK

Dologili smo kinetiko segregacije antimona na povrsini
neorientirane elektro plo¢evine pri temperaturah 650,

700, 750 in 800°C.

Antimon priCne segregirati na povrsini neorientirane

plo&evine pri temperaturi 600°C z zaznavno hitrostjo.

Debelina segregirang,plasti z narad¢ajoco temperaturo

nara3la in doseZze maksimalno vrednost, priblizno 1
monoplast, pri 700°C.

Z naraséajoco temperaturo (T > 750°C) debelina segre-

girane plasti upada.
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Rezultati raziskave rasti rekristaliziranih zrn v silicijevih
elektro plocevinah kaZejo, da segregacija antimona po
mejah zrn vpliva na nastanek rekristalizacijskih kali in
predpostavijamo, da povrdinska segregacija vpliva na
rekristalizacijo s tem, da zniza povrsinsko energijo zrn z
nizkim indeksom prostorske orientacije in povzroca
njihovo rast in formiranje teksture, kar ima za posledico
znizanje vatnih izgub.
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PRINCIP SENZORJEV NA OSNOVI OSCILATORSKE
DIFERENCIALNE STRUKTURE

D.Donlagié, J.Koprivnikar, V.Matko

KLJUGNE BESEDE: merjenje veligin, velitine neelektriéne, senzorji oscilatorski, senzorji diferencialni, kristali kapacitivno odvisni, kristali kvaréni,
DDM metode, metode direktne, metode digitaine, metode merilne, korekcija krizna, modulacija impulzno Sirinska

POVZETEK: V delu je analizirana diferencialna quartz-oscilatorska metoda, ki bazira na malem frekvenénem premiku dveh oscilatorjev. Frekvenéni
premik je doseZen s spremembo kapacitivnosti sonde v obmoéju pod 1 pF, kjer je tudi uporabno cbmogje metode. Metoda vsebuje kompenzacijo
drifta zaradi napetostnih in temperaturnih vplivov. S pomogjo Direktne digitalne metode (DDM), ki zmanj$a vpliv motenj, je izboljana negotovost
merilnih rezultatov. DDM metoda je linearna v obmocju delovanja in zagotavija negotovost merilnih rezultatov pod 0.01%. Experimentalno je bilo
raziskanih veé primerov uporabe. Negotovost merjenja je za dologeno merilno veligino odvisna od negotovosti ostalih vplivnih parametrov, ki so
vklju€eni v izhodno senzorsko enacbo.

Differential Oscillator Sensors

KEY WORDS: measurement of quantities, non-electric quantities, oscilator sensors, diferential sensors, capacitive dependent crystaly, quartz
crystals, direct digital methods, direct methods, digital methods, measuring methods, cross-correlation, pulse width modulation

ABSTRACT: In the paper the use of a differential oscillator sensor structure in a capacitance sensor is presented. Investigation was focused on
the operation analysis of the oscillator differential structure in which the oscillation frequencies of the oscillators are very close, and on the application
analysis of capacitive dependent crystals. In addition, the excitation of the entire sensor with stochastic test signals has been analysed by the
correlation deconvolution method which is also called the Direct Digital Method (DDM).

When designing the capacitance sensor the problems regarding the source of stable oscillation, compensation of temperature, the influence of
supply voltage, ncise, and A/D and D/A conversion occur in the operation range under 1pF. The pulse width module, which forms puise width
modulated high frequency current pulses, is the proposed solution. With these pulses the capacitor in the integration element is charged or
discharged. In this way we benefit from the fact that the capacitor’s voltage increases linearly if it is charging by a constant current. As the charging
is affected only by the current pulses which require an adequate current the disturbing noise signals do not affect the capacitor charging. Likewise,
the pulse width module compensates the effects of temperature and voltage by means of modulation. The correlation determination of the measuring
value is primarily important for the determination of end values. Two computer aided modes of operation are suggested: dynamic measurement
control and the correlation determination of differences.

1. Uvod memb pri 5pF - 20pF kondenzatorju prek fazne spre-
membe v serijskem resonanénem vezju /1/. Kondenza-
tor je vgrajen kot element, kateremu se spreminja kapa-
citivnost v serijskem nihajnem krogu in je priklju¢en na
transistorsko emitorski sledilnik. Signalna informacija je
dobljena prek opazovanjafaznega premika, ki se odraza
v kolektorskem toku transistorja, nastane pa zaradi
spreminjanja kapacitivhosti. Millerjeva in kapacitivna
mosti¢na metoda predstavijata mejni metodi za mer-
jenje malih kapacitivnosti. Slabost Millerjeve metode je
v "RF sweep” signalu v obmocju do 40 MHz (zaradi
resonanéne frekvence) ter velji obCutljivosti na fazni
sum, kot pri mosti¢ni metodi (zaradi vigjih frekvenc) in
serijskim resonanénim vezjem, ki ga moramo sestaviti
izelementov Lin C. Prednost Millerjeve metode je vtem,
da je ena plos¢a kondenzatorja ozemljena. Pri obeh
metodah je vprasljiva temperaturna kompenzacija in
tudi vpliv motenj na celoten senzorski sistem (pri malih
kapacitivnih spremembah). Metodi tudi ne zajemata
korelacijske analize celotnega senzorja. Upostevano ni

Prikazani senzorski izsledki nakazujejo Siroko uporabo
pri merjenju fizikalnih, kemijskih in biotehniSkih velicin.
Predstavljene so raziskave na podrocju novih senzor-
skih pristopov merjenja s poudarkom na uporabi kapa-
citivno odvisnih quartz kristalov in modificiran pristop v
merilni tehniki v obmocju, kjer ni uporabna obicajna
instrumentacija. Prav tako je nakazana splodna resitev
merjenja majhnih sprememb neelektri¢nih velicin z veli-
ko preciznostjo in ceneno izvedbo.

Dobro znana metoda v metrologiji je kapacitivha
mosti¢na metoda. Slabost kapacitivne mosti¢ne metode
je, da morata biti dostopni obe ploddi kondenzatorja,
drugade je metoda neuporabna. Prav tako je potrebno
uravnovesanje mosti¢a, razmerje signal/Sum pa mora
biti veliko. Zaradi parazitnih kapacitivnosti metoda ni
uporabna v femtofaradnem obmod¢ju. Druga znana
metoda je Millerjeva metoda, ki uporablja sorazmerno
enostaven princip dolo¢anja malih kapacitivnih spre-
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zmanj$anje vplivov A/D in D/A pretvorbe, Sum in nekali-
bracija instrumentov.

Quartz oscilator je poznan po svoji temperaturni odvis-
nosti. Njegova frekvenca je odvisna v manjSem obmodciju
tudi od napajalne napetosti. Kadar je uporabljen quartz
kristal v senzorski oscilatorski strukturi, je obi¢ajen pris-
top vpliva na quarntz kristal s: temperaturo, silo, tlakom,
torzijo, itd., da dobimo spremembo oscilatorjeve
frekvence. V tem primeru pa je quartz kristal uporabljen
kot stabilni resonirajoéi element, kateremu spreminjamo
elektriéni model z dodatno vezano serijsko kapacitiv-
nostjo Cx (Slika 1). V primeru, ko kristalu spremenimo
elektricni model, se njegove lastnosti stabilnega nihanja
s tem ne spremenijo.

2. Senzorska struktura

Diferencialna senzorska struktura je uporabljena zaradi
kompenzacije motilnih vplivov. Prirejena je za delovanje
z ali brez radunalnidke signalne analize. Analiza temelji
na stohastiénem vzbujanju senzorja, pri ¢emer je izhod-
ni signal frekvenca ali analogni signal /2/. Senzorska
struktura, je prikazana na sliki 1. Za vzbujanje oscilator-
jev 1in 2 (prek varicap diod) sta uporabljena dva pseu-
donakljuéna trinarna signala x1(t) in x2(t) /3/. Frekvenci
obeh oscilatorjev sta med 0.5 in 20 MHz. Napetostno
frekvencna odvisnost obeh oscilatorjev je v obmocju 6
+ 1 Vinje priblizno enaka. Pulzno Sirinski modul (PWM),
daje na izhodu temperaturno in napetostno kompenzir-
an signal /4/. Tokovni pulzi polnijo in praznijo kondenza-
tor v LPF (nizko propustni filter). izhodna napetost filtra
linearno naras¢a ali pada odvisno od tokovne narave
pulzov na njegovem vhodu. LPF filtrira tudi motnje. Ce
je naizhodu senzorja frekvenéni signal (f), je primeren
za prenos na vecje razdalje. Tako ni potreben dodatni
f/u pretvornik. Z uporabo f/u pretvornika lahko zajema-
mo izhodni signal prek A/D predtvorbe.

xp ()
D/A
x(1)
Slika 1;  Senzorska struktura.

Signal x(t) je vsota dveh programsko dolo¢enih pseudo
stohasticnih signalov xi(t) in xo(t) katerih srednja vred-
nost je enaka nic.
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Slika 2:

Senzorska sonda Cx je kapacitivha. Pritriena je na
aktivnemmehanskemdeluin zaznava kapacitivne spre-
membe v podrocju pod 1pF. Elektronsko vezje senzorja
je name3¢eno na razdalji 1cm od senzibilne sonde z
icm dolgima zicama brez oklopa proti masi. S tema
dvema Zicama je dosezena boljSa obcutljivost, ker je
manjSa parazitna kapacitivnost proti masi. Rezultati na
sliki 2 prikazujejo, da je sprememba frekvence propor-
cionalna spremembi kapacitivnosti v podrocju pod 1pF.

3. Kapacitivno odvisni quartz kristali

Elektri¢ni nadomestni model quartz kristala je prikazan
na sliki 3. Vrednosti elementov pa so podane v tabeli 1.

e i

o 0

Slika 3:  Elektri¢ni nadomestni model quartz kristala,

Pri frekvencah 0.5-20 MHz je serijska kapacitivnost C =
0.01pF (Slika 3, Tabela 1). S serijsko kapacitivnostjo Cx
spreminjamo serijsko resonancno frekvenco oscilatorju
2 (Slika 1). V primeru merjenja nekaterih neelektri¢nih
veligin (na primer malih volumnov) sta bila uporabljena
dva 4MHz quartz kristala s stabilnostjo £ 3ppm v
obmogju -5 do 55°C.

TABELA 1. Podatki za quartz model pri razli¢nih frek-
vencah.

fo R c L
1-5 kHz 5-50 kQ 0.01 pF 10*-10°H
50-200 kHz 2-5kQ 0.1pF 10-100 H
150-800 kHz | 0.5-10kQ 0.02 pF 1-10H
0.5-20 MHz 2-2000 O 0.01 pF 10-100 mH
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4. Direktna digitalna metoda (DDM)

Negotovost merilnih rezultatov je izboljSana s pomogjo
Direktne Digitalne Metode (DDM), ki zmanj$a vpliv mo-
tenj. Konvolucijski integral (En. 1), predstavija osnovo
metode za izboljSanje preciznosti merilnih rezultatov.

Y1) = [gu) x(t-u)-du (1)

g(u) uteznostna funkcija
x(t) vhodni napetostni signal
y(t) izhodni napetostni signal

Enacbo 1 vstavimo v kriznokorelacijsko enacbo 2 in
dobimo enacbo 3.

17

) (r): Hm— [ y(t)y-x(t - 1)-dt
W T-aao'[‘o

(2)

1 7 w
= lim-Jx(! - r) f;z(u)-x(r - u‘)-du “dlt

T 3w ’1‘ 0

Pxy ( T) 3)

oz

S spremembo vrstnega reda integriranja dobimo
enacbo 4.

© 17
T)= )t im— | x(t = 1) - x(t —u)-dt {du
Pxy ()= Jglu) [th({ } @)
Drugi integral v enacbi 4 predstavija avtokorelacijsko
funkcijo signala x(t), kot je pokazano z enacbo 5.
1 7
<pxx(r~u) = lim——jx(r - r)~x(1~u)-dt
Iy T 0
Sledi enacba 6:

(5)

¢xy(r)=_Zg(u)-wxx(f-u)'d“- (6)

Po izpeljavi lahko izpostavimo uteznostno funkcijo g(u)
pri éemer upostevamo Se koncni as merjenja T (En. 7).

Pxy (1)
g(u) = d

(J)(oxx(r—u)-du

{7)

Vzbujevalna signala (Slika 1) sta pseudostohasti¢na
trinarna signala s povprecno srednjo vrednostjo enako
ni¢ in taktno frekvenco 1kHz. Oblika funkcije oxy(T) je
poznana (Slika 4), ¢e je poznan testni vzbujevalni signal
x(t). S formiranjem kriznokorelacijske funkcije med
vhodnim in izhodnim signalom zmanjSamo vpliv vseh
motilnih signalov, ki niso korelirani s testnim signalom
x(t). Tako je zmanjSan vpliv stohasti¢nih motilnih signa-
lov, ki se pojavljajo na vhodu in izhodu senzorja in vpliv
netodnega vzbujanja senzorja ter neto¢nega merjenja
frekvence na izhodu senzorja. V primerjavi z mostiéno
metodo in Millerjevo metodo je pri DDM metodi izhodni
signal konstantne amplitude. S testnim signalom se
zmanijsa tudi vpliv histereze. V primeru, ko imamo na
izhodu f/u pretvornik je zmanjSan vpliv A/D kvantizacije.
Tako je dobljena boljSa povpre&na merilna vrednost, ker
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je upostevan celoten senzor. V tem primeru je DDM
metoda uporablijena za statiéno doloéanje inicializa-
cijske in nove merilne vrednosti.

5. Merjenje neelektri¢nih veligin

Pri meritvah neelekriénih veli¢in senzor opravija nas-
lednje tri osnovne funkcije:

— Doloditev nielne kalibracijske vrednosti in doloCitev
konéne vrednosti. Razlika med obema vrednostima
{df) je proporcionalna merjeni neelektriéni vrednosti
v obmocju 0-1pF (Slika 2).

Opazovanje dinamicnih sprememb. Dinamika sen-
zorja (brez vzbujevalnega signala) je doioCena z LPF
konstanto. Ker je frekvenca obeh oscilatorjev velika
{4MHz) je Casovna konstanta mala (1us). Zato je
senzor primeren za opazovanje hitrih dinamicnih
pojavov.

Dolocitev nicelne korelacijske vrednosti in dolocitev
konéne korelacijske vrednosti. Razlika korelacijskih
vrednosti je proporcionalna merilni vrednosti nee-
lektri¢ne veliCine (En. 8) v obmocju od 0-1pF.

Merjenje neelektricne veliine je dolo¢eno z enacho 8,
kjer je razlika integralov kriznokorelacijskih funkcij pro-
porcionalna vrednosti neelektrine veli¢ine (pri enakem
testnem signalu) in ustreznem umerjanju. Integral
kriznokorelacijskih funkcij (En. 8) je uporabljen zaradi
upostevanja testnega signala prek celotne periode in
povprecenja vrednosti ter zmanj8anja vplivov motenj.

T T
({(,oxy2 (T)dT ({wxyz (r)dr ’ .

V= . - Ky (8)
(J)wxx(f—u%du (J)(oxx(f—u)-du

Avtokorelcijski integral (En. 5) je odvisen od testnih
signalov xi(t) in x2(t) s katerima vzbujamo senzor. Pri
uporabi specialno programiranih testnih signalov x4t} in
x2(t) se kriznokorelacijska funkcija gxy1 za¢ne in konca
na X koordinatni osi, ko je T = T (Slika 4). X os in
kriznokorelacijska funkcija dolo¢ata kalibracijsko plos-
€ino, ki je odvisna od testnega signala.

10
84
61
r
Px(7) .1 ,
21 1
0 S e S S SRSy e
0 20 40 60 80 100 120 140 160
) T
Slika 4:  Funkeifi oxy1 in oxy2.
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Neelektricna veli¢ina je definirana kot sprememba med
kriznokorelacijskima funkcijama in dolodena s spre-
membo kapacitivnosti Cx ter pomnozena s kalibracijsko
konstanto Ka. V tem primeru je testni signal upostevan
prek celotne periode merjenja, kakor tudi kompenzacija
razliénih predznakov med kriZnokorelacijsko in avto-
korelacijsko funkcijo. Ks je kalibracijska konstanta, ki je
odvisna od mehanske realizacije senzorja.

6. Experimentalni rezultati

400 3
300
A
df[Hz) 200 A
100
0 >
0 0.6 1 1.6
Vimlj

Slika 5:  Obéutijivost sonde pri stabilnosti izhodne

frekvence senzorjax 0.01Hz.

Obcutliivost sonde v primeru merjenja malih volumnov
je prikazana na sliki 5. Karakteristika je linearna v
podrocju pod 1ml. Volumen V je izmerjen z negotovostjo
F 0.0005ml z uporabo Batne birete /5/.

Obcutljivost v primeru merjenja pomikov je 10 umvHz.

Podobno ugodne rezultate smo dobili tudi pri meritvah
nekaterih drugih neelektri¢nih veligin.

7. Zaklju€ek

V delu je experimentalno opisan in prikazan primer
uporabe kapacitivno odvisnih kristalov. Rezultati po-
trjujejo linearnost metode v dolo¢enem obmodju. Pred-
stavljena je uporaba kapacitivno odvisnih kristalov in
odvisnost df od dCx kapacitivine sonde, ki je splosno
uporabna tudi za druge vrste meritev. Prav tako je
experimentaino prikazana uporaba kriznokorelacijske
metode in ugotovljena dinamika. Prikazan je princip
uporabe dveh testnih signalov za formiranje signala
vzbujanja x(t) ter ploscinski princip merjenja, ki vsebuje
vpliv testnega signala prek celotne periode in s temvpliv
A/D in D/A kvantizacije na negotovost uteznostne funk-
cije, obCutljivost kapacitivne sonde in kalibracijski pos-
topek.

Ker ima razmerje signal/Sum zelo majhen vpliv na to¢-
nost merjenja ima korelacijska metoda prednost pred
mosticnimi (Andersonovo, De Sautyjevo, Maxwellovo,
Ownovo, Resonandéno, Sheringovo, Wienovo in
Hayevo) in Millerjevo metodo. Prednost je tudi v vedii
obcutljivosti v femtofaradnem obmocju in zmanj$anju
vpliva motenj. Vse tri metode predstavljajo mejne
primere merjenja malih kapacitivnih sprememb.

199

Poleg dologanja volumnov v obmogju 0-1ml so bili op-
raviljeni experimentalni rezultati merjenja:

kotov in pomikov,
edometricne preiskave v zaprtem cilindru,

absorpcije poroznih delcev in dolodanje volumna
zraka v porah,

temperature,

nivoja,

izhlapevanja,

parazitnih kapacitivnosti,
evolucije bakterij,
evolucije rastlin,

susenja papirja.

Poleg navedenih experimentov lahko senzor uporabimo
z drugacno sondo in ustrezno kalibracijo za merjenje:

vlaznosti,
tlaka,

malih volumnov v epruvetah z milimeterskim preme-
rom,

sile,

doloCanje "stress/strain” pogojev v mehanskih
strukturah,

dielektricnosti,
pretokov,

torzije,

vibracij,

v zasditni tehniki.

Senzor ima naslednje prednosti: frekvenéno stabilna
quartz elementa, izhodni signal ima konstantno amplitu-
do, razmerje signal/Sum je veliko in ima konstantno
vrednost v celotnem merilnem obmodju, filter seje motn-
je, ki nimajo tokovne narave pulzov, izhodni signal je
temperaturno in napetostno kompenziran, obcutljivost 5
fF/Hz, linearna kapacitivno frekvenéna odvisnost v
podroc¢ju pod 1pF, dekonvolucijski merilni postopek, ki
zmanj$a vpliv neto¢nega setiranja vhodnih napetostnih
signalovinmerjenjaizhodne frekvence, dobra dinamika,
izhod prirejen za daljinski prenos, moznost uporabe v
Sirokem podrocju tehnike, enostaven kalibracijski pos-
topek, primernost za industrijsko okolje, relativno in
absolutno merjenje, takojdnja analiza podatkov in nizka
cena.

Slabosti so predvsem v iskanju parov kristalov in zahte-
va po malih tolerancah posameznih elementov.
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AUTOMATIC IMAGE ANALYSIS SYSTEM TRACOS
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ABSTRACT: An automatic image analysis system called TRACOS is introduced and its applications to evaluation of tracks in track etch detectors

and crystal grains measurement are described.

Avtomatski sistem za analizo slike TRACOS

KLJUCNE BESEDE: sledi jedrske, detektorji sledi, zra kristalna, mikroskopi, skanerji, analiza slik, analiza avtomatska, vrednotenje sledi, meritve,

aplikacije, oprema programska

POVZETEK: Opisan je sistem za avtomatske analizo slike, imenovan TRACOS, in njegova uporaba pri izvrednotenju stedi v trdnih detektorjih

jedrskih sledi in pri meritvah kristalnih zrn.

Introduction

Nuclear tracks group of the Reactor physics division of
the J. Stefan Institute started with development and
application of track etch detectors twenty years ago.
These detectors are able to detect heavy ions with
energy range from 100 keV up to relativistic energies.
They are made mostly of polymer materials and are
known under different commercial names, such as LR-
115, CN-85, CR-39 and so forth. Other heavy ion detect-
ing materials are minerals, like mica and glasses. De-
tectors are usually shaped in foils with thickness from
few microns up to 1 mm. Tracks, made by the incoming
ions, are enlarged by chemical etching, so they are
visible under an optical microscope. The transformation
of alatent track to a visible track is possible because the
etching velocity along the path of the ion is greater than
the etching velocity of the bulk material. For the constant
etching velocity along the path of anion, the track has a
shape of cone, which gives an elliptical intersection with
the surface of the detector. Tracks are visible under an
optical microscope due to steep track walls which refract
light because the refractive index of the detector is
higher than refractive index of the air. As a consequence
tracks appear as dark spots. Typical track size, used for
observation and measurement, is from 1 um to 30 um.
Fromthe size and optical density of the tracks the energy
and the charge of the incoming ion can be derived while
fromthe track shape the impact angle can be calculated.
A micrograph of tracks is shown in Fig. 1.

Measurements of large areas of the detector foils in-
duced the need for automatic track evaluation. Manual
measurement is usually limited to counting the number
of tracks in a given area, while there is often need for
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Fig. 1: The micrograph of nuclear tracks in CR-39

detector which was 5 month in Mir space
station. Tracks, marked by arrows, are induced
by cosmic rays. Smaller tracks are mostly due
to o particles emitted by decay of radon and its
decay products.

finding the size or some other distribution of tracks. For
this purpose an automatic track analysis system, called
TRACOS (Track Counting System), was developed. It
consists of an optical microscope, a computer controlied
microscope stage, an autofocusing system, a video
camera, a video digitizer and a personal computer.
Additionally, an optical scanner output can be also pro-
cessed. Technical characteristics of the individual com-
ponents are summarized inthe Table 1. Software for the
measurement control and image analysis was com-
pletely developed in our laboratory. In the following
capabilities of the system will be presented and some
selected examples of measurements will be described.
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Table: technical characteristics

Microscope: | Olympus Vanox
magnification: 8-times to 250-times
ilumination: Hg or ordinary light bulb
Camera: EEV with CCD sensor
Digttizer: Data Translation 2853 SQ
resolution:; 512*512 pixels, 256 grey levels
memory: 512 kB (two images)
Moving stage:| Marzhauser Wetzlar MAC 4000/2
scanning area: 100 mm * 100 mm
step: 0.025 um
Autofocus: Elbek
Computer: PC compatible
processor: 80486/50MHz
memory: 8 MB ram, 256 cache
hard disk: 450 MB
Measurement

Before the measurement some of the settings are made
by an operator. Itis necessary to adjust the lightintensity
of the microscope, to set the minimum size of the objects
which will be analyzed and to determine the grey level
threshold which separates object from the background.
An important tool for the light and the threshold setting
is the grey level histogram which usually shows two
peaks; one corresponding to dark objects and the sec-
ond corresponding to bright background (Fig. 2).
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grey level value
Fig. 2: Grey level distribution histogram. To achieve

better visibility of the peak belonging to dark
objects with relatively small total area, a
logarithm scaling is used.
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The concept of the analyzing program is to write
measured parameters of all objects (except those smal-
ler than the selected minimum size) in a file, which is
later processed by other programs, depending on the
type of application. By this approach the universality of
the program is preserved what makes it more flexible
and easier for adaptation to other purposes. Every rec-
ord corresponding to a single object contains measured
quantities, such as the object coordinates, the size of
the minor and the major axis, the size of the perimeter,
the area and the average grey level within a object. For
the nuclear track analysis, the outer edge of the objects
is fitted by an ellipse. The program is capable to fit the
ellipse even when the objects overlap (Fig. 3).

Fig. 3: Ellipse fitting to the tracks. Program is capable

to tit correctly even the overlapping tracks.

Discrimination among tracks and background and/or
different tracks is performed after the measurement with
ahelp of utility programs developed for this purpose. The
program for the track selection represents tracks as
pixels on a computer screen for every plane that can be
defined with an arbitrary pair of parameters measured
by the TRACOS. Fig. 4 shows an example where track
distribution is presented in a plane with the x coordinate
corresponding to the major axis and the y coordinate
corresponding to the minor axis of the track. The circular
tracks therefore lie on the x=ycurve. By the selection of
the region of interest only tracks, relevant for further
examination, are transferred to the next stage of pro-
cessing. Forthe example given in Fig. 4 we could decide
to select only tracks with minor/major axis ratio in the
wanted range.

Representation in a two-dimensional sub-space of the
parameter space is especially useful in cases when the
properties of the objects are not known in advance. By
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minor cxis size

major axis size

Fig. 4:

observing planes for different pairs of parameters it is
easy to determine if the objects group together and to
select them for the further processing. In more compli-
cated cases of recognition it might be necessary to use
more-dimensional cross sections in the parameter
space. Here problems appear because it is difficult to
present structures of more than two dimensions on the
computer screen. Fortunately, in the most cases the
two-dimensional selection is enough for the most of
applications with track etch detectors.

After the selection of the region of interest, it is possible
to process further the output of the measurement. Typi-
cally, distribution over some of the measured parame-
ters is displayed as a final result. Advantages of the
automatic track evaluation over the manual counting are
mainly:

a) discrimination criteria are less prone to subjective
judgment, b) exhaustion of the operator is less likely to
influence the quality of measurement, c) the speed of
the evaluation is much greater; at the optimal track
density the system is capable to evaluate from 5*10* up
to 10° tracks/hour.
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Every pixel on a diagram represents an individual track. The x coordinate corresponds to the major axis of an ellipse
and the y coordinate corresponds to the minor axis.

Examples of applications

The system was used for several types of tasks, some
of which are presented here.

Discrimination of the ®Li(n, o) reaction product
tracks

Products of the ®Li(n, o) reaction are °H and “He with an
energy of 2.7 MeV and 2.1 MeV, respectively. Both
nuclei are detectable with CR-39 track etch detectors.

diameter (pixels)
alpha
15
G,
triton ._\*‘ N
41 10
s
€ background
5
¥
‘® i:\]
L . A Q)
o 5 10 15

grey level (arbitrary units)
Fig. &: Bright areas on the diagram correspond to large
number of tracks with given size (y coordinate)
and average grey level (x coordinate).
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Due to different energy and charge of the reaction
products their tracks are different. Smaller and darker
tracks correspondto 3H, while larger and brighter belong
to “He. Fig. 5 shows a diagram where horizontal axis
represents the average grey level within individual
tracks, while the vertical axis represents the track
diameter. Two groups of tracks are clearly visible and
discerned from the background. More detailed descrip-
tion of this experiment can be found in (1).

Measurement of the track density as a function of
the coordinate and application in radiography.

One of the application areas of track etch detectors are
radiographic and autoradiographic methods. By this
methods it is possible to measure spatial distribution of
charged particle emitters as well as position depend-
ence of transmissivity of the material for heavy ion or
neutron beams. Due to the high spatial resolution and
the possibility of individual track identification it is
possible to make radiographic images at very low emit-
ter concentrations or low beam fluxes. Using an auto-
radiographic technique we measured the adsorption of
radon decay products on metal surfaces. In the radon
decay chain there are two short-lived a-emitters: 2'®Po
and “"Po. Contrary to radon, Po atoms stick to metal
surfaces. Adsorption on Cu and Alwhen they were held
in contact and separated was measured and compared.
With the use of the automatic system it was found that
density of Po atoms adsorbed on Cu is higher in com-
parison that of adsorbed on Al when the metals were
held in contact while the densities did not differ when the
metals were separated (Fig. 6).

300
metals in contact
250
2
% 200
J
S 150
&
Qo
g
pd 100 separated metals
Cu Al
50
0 v r v r v v v x r
0 5 10 15 20 25 30 35 40 45 50
coordinate [mm]
Fig. 6: Number of tracks, produced by the decay of Po,

adsorbed on Cu (left) and Al (right) as function
of coordinate. Curve with a step in the middle
belongs to the measurement with metals in
contact,
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Application in metallography - Measurement of
the number of sides and the number of
neighbouring crystal grains

For this task the program was slightly modified. Instead
of the digitized picture it accepted a scanned image.
Additionally, a module for grain neighbour determination
was added to the program. Before the counting, defects
in picture were corrected using a drawing program. The
crystal grain image, shown in its digitized formin Fig. 7
a), was taken from (2). In Fig 7 b) a number of neigh-
bouring grains of every crystal grain is written. More of
this and some other applications of the program in
material science is described in (3).

Fig. 7b): Number of neighbours of the individual crystal
grains as determined by a computer.

Conclusion

An automatic system for nuclear track measurement in
track etch detectors was built and image analysis soft-
ware was developed for the research and applications.
The system was successfully tested in several types of
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experiments and in routine use. The achieved speed
and the accuracy of the measurement is better in com-
parison to the manual evaluation. Due to a flexible
design of the image analysis program it is possible to
quickly adapt it to various other tasks in materials and
biological applications.
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LASERSKI MERILNIK DEBELINE S STATISTICNO
OBDELAVO MERILNIH REZULTATOV

Darjan Gradisnik, Dali Donlagi¢

KLJUCNE BESEDE: merilnik debeline, valjanje, viedenje, stiskanje, kovanje, merilniki laserski, laserji polprevodni$ki, merjenje sti€no, merjenje
brezstitno, podatki dinamiéni, napake meritev, profili vzdolzni, avtokorelacija, histogrami, senzorji triangularni

POVZETEK: Meritev debeline je postopek, ki ga srecujemo v vseh panogah industrije. Kvaliteten merilnik je nujen pri kontroli in regulaciji valjanja,
vledenja, stiskanja, kovanja itd. raznih materialov. )

V avtomatski regulaciji debeline (AGC) nas zanimajo zvezne meritve, ki paso lahko sti¢ne ali brezsti¢ne. Zaradi doseganja vegjih pretokov materiala
se vse balj uveljavljajo brezstitne meritve, pri katerih tudi ne prihaja do poskodb na merilnem mestu. V ta razred sodi tudi laserski merilnik debeline,
ki ima pred ostalimi tudi to prednost, da je merjenje debeline njegova primarna funkcija, medtem ko ostali podobni merilniki merijo debelino posredno
prek drugih fizikalnih veli¢in.

Laser Thickness Measurer with Statistical Processing of
Measurement

KEY WORDS: thickness measurers, rolling, extrusion, pressing, forging, laser measurers, solid-state lasers, contact measurement, non-contact
measurement, dynamical data, measurement errors, longitudinal profiles, autocorrelation, histograms, triangular sensors

EXTENDED ABSTRACT: Thickness measurements are frequentin all branches of industry. A quality measurer is indispensable for process control
of rolling, drawing, extrusion, pressing, forging, ... of different materials.

In Automatic Gauge Control continuous measurements are very practical. They are divided into two groups: contact and noncontact measurements.
[n order to attain a greater materials flow, non-contact measurements are more suitable, particulary because no damage is made on the measured
region.

Laser thickness measurers are grouped into this class. Their advantage results come from the fact that the measurement of distances is their basic
function, whereas other types measure the thickness indirectly from other physical magnitudes.

In the first chapter a short overview of other thickness measurements is made.

We can break semiconductor propetrties into two broad categories: electronic and optical. Band gap is the most important parameter of optical
properties. In some semiconductors the recombination energy is released as heat, in other much of the recombination energy is released as light.
The light output current is very inefficient below the threshold and becomes more efficient above it.

The laser diode is a part of triangular sensor which consist also of a PSD (Position Sensitive Device) and two lens systems. Two sensors can be
used for two - sided thickness inspection, one above and one below the web. The output from both sensors subtracted from the fixed distance
between sensors is proportional to the material’s thickness. This procedure removes the variables caused by vibration, bounce or tension of running
web.

We used an industrial PC with added opto isolation and relay output units instead of a PLC or a math unit.

Several dynamic data are avallable in the main display: thickness, thickness error, alarms, messages, profile, histogram and (or) auto correlation.
After 30 samplings either auto correlation or a histogram is done, Analysing with auto correlation is very effective if some included frequencies from
the plant are transferred to material's surface or in case when the contro! loop becomes unstable. The histogram offers a simple pattern recognition
for the operator (if the thickness or the shape are inside limits).

Further research with several measurement places and an interpolation curve between them will be conducted for 3D surface analysis of the material.

1. Merjenje debeline Pneumatski dajalniki delajo na principu Soba - odbojna
ploscica, kjer plodéico predstavija kar merjenec, ali pa
je prek valjénic plos&ica povezana z merjencem. Za te
dajalnike je znacilno majhno linearmno obmodje, ki ga

Kratko bomo pregledali razlicne metode merjenja raz- nekoliko poveéamo z uporabo dveh sistemov, primerjal-
dalje. oz. debeline. Ponavadi z enim merilnikom merimo nega in merilnega.

razdaljo, z dvema diametralno namescenima pa debeli-

no. Kapacitivni dajalniki so ponavadi razli¢ne izpeljanke

plos¢atega kondenzatorja. 1z enacbe:

Potenciometrski dajalniki nam dajo podatek o razdalji c-8-S(N=1 (1.1)
kot funkcijo prikljuéne napetosti ( d = {(U)). Problem je d
pogresek meritve (> 1%).
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C - kapacitivnost

€ - dielektri¢na konstanta

N - $tevilo plos¢ kondenzatorja
d - razdalja med plo&&ami

kot merilno spremenljivko uporabimo razdaljo med
plo§¢ami d. Ena od plosé je kar merjenec. Slabe strani
metode so obclutljivost na motnje iz okolice pa tudi
nelinearna odvisnost kapacitivnosti od razdalje (C =
f(1/d)).

Induktivni dajalniki kot merilniki razdalje se najveé
uporabljajo v izvedbi linearnega diferenciainega trans-
formatorja (LVDT). Pri tem v enacbi za induktivnost:

(1.2)

L - induktivnost ravne tuljave
1 - magnetna permeabilnost
S - presek tuljave
/- dolzina tuljave

ponavadi spreminjamo permeabilnost s premikanjem
polozaja jedra. Ker je jedro prek rocice povezano z
merilnimi valjénicami, je tak nacdin meritve sti¢en.

Infra svetlobni merilniki temeljijo na resonanéni ab-
sorbciji Zarkov v atomih, oz. molekulah merjenca. Valov-
na dolZina svetlobe mora ustrezati kemijski konstituciji
merjenca, jakost absorbcije dovedene energije pa je
odvisna od gostote merjenca. Ce je ta konstantna lahko
prek relacije:

m

So (1.3)

d:

d- debelina materiala
m - masa materiala

S - povr§ina merjenja
G - gostota materiala

dobimo z umerjanjem debelino materiala direktno. Ob-
stajata dve metodi: z odbojem in presvetlitvijo materiala.

Meritve debelin z Rétgenskimi, o,  in y Zarki prav
tako temeljijo na absorbciji Zarkov v materialu, ki je
odvisna od gostote materiala. Ponavadi je sprejemnik
ionizacijska komora, v kateri pri konstantni prikljuceni
enosmerni napetosti, temperaturi in tlaku halogenega
plina pride pod vplivom kratkevalovnega valovanja do
ionizacije molekul plina in zato stece ionizacijski tok. Ta
je odvisen od $tevila ionskih parov, Stevilo teh pa od
Stevila radioaktivnih delcev, ki so prisli iz radioaktivnega
izvora (Rontgenske cevi) skozi material do komore:

I(d) = lp . e (1.4)

I(d) - intenzivnost sevanja

lo- intenzivnost sevanja brez merjenca

k - koeficient absorbcije materiala (merjenca)
d - debelina materiala
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Ta tok je velikosti 10"° do 10® A in ga na viso-
koohmskem uporu pretvorimo v napetostni signal.

Kljub potrebni zagotovitvi varnosti pri upravljanju z izo-
topi in zavarovanju merilnega prostora ter obvezni li-
nearizaciji merilne krivulje, se ta merilni postopek med
brezsti¢nimi najved uporablja.

2. Polprevodniski laser, triangularni senzor

Lastnosti polprevodnikov lahko razdelimo v dve podrodji
:elektronskoin opti¢no. Elektronske lastnosti vkljucujejo
koncentracijo prostih nosilcev, prevodnost in gibljivost
elektronov, za opti¢ne pa je zelo pomemben zaporni
pas, oz. njegova energijska 8irina, ki dolo¢a tudi valovno
dolZino valovanja, kiima dovolj energije za prestop med
valenénim in prevodnim pasom in obratno:

1240
Kzap.pas

Ezap.pas = (21)

E - energijska 3irina zapornega pasu (eV)
A - minimalna valovna dolzina (nm)

Na PN spoju prihaja do rekombinacij in rekombinacijska
energija se lahko spros¢a kot toplota (pri Si), ali pa kot
svetloba (GaAs). Pri LED imamo spontano emisijo, ki
seva v vse smeri v SirSem pasu, pri laserski diodi pa je
emisija v smeri polprevodniske plasti in doloene va-
lovne dolZine. Do t.i. laserskega praga tudi laserska

@

o

[

2

N

c

o lasersko
= Vo
£ podrocje

[stimulirana ernisija)j

LED podrocje
[spontana emisija)

1
T

Prag ok

Slika 2.1: Intenzivnost svetlobnega sevanja pod in nad
pragom laserskega delovanja

dioda dela v podroc¢ju spontane emisije, kar vidimo na
sliki 2.1:

To je seveda zelo poenostavijen opis delovanja. Laser-
ska dioda je sestavni del laserskega senzorja razdalje,
ki ga sestavljajo Se PSD (Position Sensitive Device) in
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sistem le&. Ker izvor svetlobe, merjenec in PSD tvorijo
trikotnik, kjer se v odvisnosti od oddaljenosti merjenca

LED

S

0

pomik
merjenec

Slika 2.2: Namestitev izvora in ponora v senzorju razdalje

kot odboja spreminja, se ta razpored imenuje tudi trian-
gularni (slika 2.2):

Funkcija odvisnosti razdalje od merjenca in kota odboja
je nelinearna:

. 12
razdalja = \/———-—————

j 2.(1—cos (¢)
/- razdalja med izvorom in ponorom Zarka
¢ - kot odboja zarka od merjenca

Izhodni signal je nato lineariziran in ponavadi dobimo na
izhodu tokovni signal. Obmocje 4 - 20 mA pomeni tudi
merilni obseg razdalje, tako da je razdalja = f(lizn).

3. Zasnova merilnika

Dva, na nasprotnih straneh merjenca namesena sen-
zorjarazdalje sestavljata merilno glavo. Princip je enos-
taven: ¢e poznamo razdaljo med senzorjema, potem se
debelinaizracuna kot:

debelina=D-dy-d2

3.1)

D - razdalja med senzorjema
di - oddaljenost objekta od i - tega senzorja

Ker obravnavamo dinamiéno merjenje, kar pomeni, da
se merilni objekt giblie mimo merilne glave, pride do
merilnega pogreska zaradi ¢asovnega zamika At med
odcitkom prve in druge razdalje (slika 3.1). Vpliv tega
pogredeka pa je majhen, ¢e je tipalni &as ustrezno izbran
glede na pri¢akovano dinamiko spremembe debeline
merjenega objekta.

Klasi¢na zasnova merilnika je taka, da ima vsak senzor
mikro kontroler, ki daje analogni signal razdalje, oba pa
sta priklju¢ena $e na matematicno enoto (kontroler), ki
daje na izhodu vsoto, oz. razliko vhodnih signalov, ki jo
potem uporabimo v regulacijski zanki. Ce hoGemo op-
ravljati e statisticne izraCune, je potrebno signal prek
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senzor
1

< \\ D=konst.

. merjenec
N\ N

senzor
2

Slika 3.1: Princip merjenja debeline z dvema diametralno
namescenima senzorjema

serijskih kanalov ali pa prek A/D pretvorbe peljati na
nadzorni ra¢unalnik.

Qdlodili smo se, da namesto mikrokontrolerjev upo-
rabimo kar PC racunalnik industrijske izvedbe, saj
novejsi procesorii (Intel 803886, ...486) omogocajo dovolj
hitre obdelave merilnih rezultatov. Za povezavo s sen-
zorji in digitalnimi vhodi, 0z. izhodi pa smo izbrali kar
multifunkcijsko karto, kiima 16 A/D, 1 D/A, 8 DIin 8 DO.
Sam sistem se je Zze od zaletka snoval za industrijsko
okolje, tako da smo dodali e karto z relejskimi izhodi in
opto locitev za digitalne vhode.

Merilnik je name3¢en na okviru C oblike in ga na merilno
pozicijo pomakne pneumatski ventil. Zaradi odstranitve
prahu, oljnih emulzij in drugih necistog, so ohigja sen-
zorjev oblikovana tako, da skozi reze piha zrak pod
tlakom in tako tvori zracno zaveso. Ker lahko umazanija
kljub temu prekrije povrsino senzorja, ima sam senzor
digitalni izhod, ki javlja, ¢e je odbiti Zarek premajhne
intenzivnosti.

1o 1 AD
+ ] i l razdalja |

temno 1

L} odpthovanje
i P )N

S '
temno 2
razdafja 2
~-poziciya !-@
poicia 2

Slika 3.2: Shematski prikaz merilnika debeline
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Ko senzor pomaknemo v merilni poloZaj ali pa je v
mirovnem polozaju, opravimo kontrolo pozicije s kon-
cnimi stikali. Sistem skupaj z opisanimi elementi je
predstavljen na sliki 3.2:

4. 1zvedba merilnika

Senzor razdalje, ki smo ga uporabili, ima referenéno
merilno to¢ko na razdalji 50mm = 1mm in merilno
obmodje £ 5mm z odstopanjem + 0.09imm. Valovna
dolZina svetlobe je 790nm (nevidna) z mo&jo 5mW.
Merilno obmogje (MO) merilnika je potem:

MO =210 mm-A (4.1)
A - maksimani mozni pomik (vibracija) merjencav smeri
merilnega snopa

Senzor lahko meri oddaljenost predmetov, ki imajo
primerno odbojno povrsino. Preizkusili smo meritve alu-
minija, iverice, nekaterih plasti¢nih materialov, papirja,
pertinaksa,... tako da ocenjujemo, da je uporaben za vse
veje industrije.

Za izvajanje merjenja in algoritma je izbran tipalni das
10 ms zaradi naslednjih raziogov:

— Casovna konstanta laserskega senzorja je 5 ms
- frekvence, ki se pojavljajo na strojih, so < 50Hz

— take tipalne ¢ase srecujemo tudi pri merilnikih z
drugimi vhodnimi senzorji.

4.1 Izvedba izhoda

Ker smo hoteli na ekranu opazovati kar najveé dina-
micnih podatkov, smo se odlogili za uporabo semigra-
fike, ki omogoca dovolj natanc¢en prikaz, hkrati pa zaradi
ohranitve delovanja v tekstualnem nacinu pridobimo na
hitrosti. Na ekranu lahko tako opazujemo naslednje
dinamicne podatke (slika 4.1) :

DEBELINA Boodavd
AVTOKOREL
ODSTOPANJE| | DINAMICNI i
DEBELINE PODATKI || "pROFIL
ALARMI
N = ]
SPOROCILA HISTOGRAM

Slika 4.1: Dinamiéni podatki na zaslonu
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Debelino dobimo po nekoliko modificiranem postopku,
saj se za izraCunavanje uporablja le celosteviléna arit-
metika. Da dobimo kvazi 16- bitno $tevilo, najprej po-
maknemo 12- bitno vrednost iz A/D pretvornika za 4 bite
Vv levo, . Tako zmanjSamo pogredek pri celostevilénem
deljenju. Ker nas pri tem merilniku zanima podatek o
debelini do razreda 102 mm, opravimo tudi mnoZenje s
faktorjem 100. Tako dobimo naslednjo odvisnost:

(4.2)

razdalja = (vhod << 4+ ofsetj. 100

naklon

vhod - 12-bitna vrednost iz A/D pretvornika
ofset, naklon - faktorja, ki ju dobimo po preslikavi iz toka
v razdaljo.

Ker je referencnatoc¢ka 50mm podana + 1mm, je potreb-
no senzor pred vgraditvijo umeriti in dolociti ofset (slika
4.2) po enachi:

ofset = -3276.25 . I, + 262067 (4.3)
Ivn - tokovni signal iz senzorja (mA)
ofset
227994 \\\ 51mm
L e 50mm
217510 | 49mm
10.4 12 136 mA
2130 2458 2786 bitov
34080 33328 44576 hitov

Slika 4.2: Ofset - korekcijska krivulja

Merilno odstopanje uporabimo v regulacijski zanki av-
tomatske kontrole debeline (AGC). V konfiguracijsko
datoteko lahko vpisemo faktor obcutljivosti v V/mm.

Vzdolzni profil merjenca se prikazuje v pomiénem
¢asovnemdiagramu in sicer vidimo 30 preteklih merjen;.
Tak diagram uspe3no nadomesca panelni instrument z
ni¢lo na sredini.

V posebnem oknu se prikazujejo alarmi in sporoéila,
ki nas obves¢ajo o stanju merilnika. Ta sporodila se
shranjujejo tudi v pomiéni pomnilnik, tako da lahko na
samostojnem zaslonu pregledamo 23 zadnijih sporoéil.

Histogram se izrisuje za 30 merilnih vrednosti. Podrogje
izrisa je razdeljeno na dovoljeno (zelena) in na preko-
raeno (rdeca barva) obmodje. Velikost dovoljenega
obmocja se dologi na osnovi vpisa toleranénih mej pred
pricetkom merjenja. Zaradi neproblematié¢nosti spomin-
skega prostora in dovolj velike $irine zapisa celo-
Stevilcnih vrednosti razdalje, se kumulativno shranjujejo
vse vrednosti debeline in se na koncu meritve izraduna
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povpreéni histogram za celotno meritev enostavno po
enacbi za povpreéno vrednost:

n
2%
i=1

X = (4.4)

3|

Xj - posamezna meritev
n - $tevilo vseh meritev

Med samo meritvijo je moZen takojSen preklop med
histogramom in avtokorelacijo. Zakaj avtokorelacija?
Idealno bi bilo, da je povrsina merjenca ¢im blize zahte-
vani in da z merjenjem dobimo mimimalno odstopanje,
0z. nek Sumni signal minimalne amplitude. To pa pome-
ni, da bi naj $la vrednost avtokorelacijske funkcije proti
0. Zaradi razliénih vzrokov (nelinearna regulacijska
proga, zradnosti na obdelovalnem stroju) pa se nam
lahko na povrgini pojavi vzorec, ki vsebuije tudi dolocene
periodiGne signale. Prav te pa z avtokorelacijsko funkcijo
dobro vidimo in jih potem po analizi vzroka odpravijamo.
Avtokorelacijska funkcija je soda, tako daizracunamo le
glene do n/2, zaradi dovolj spominskega prostora pa
vhodni vektor kar podvojimo:

vhi = Vhisn, Vi<n (4.5)

n - dolzina vhodnega vektorja

saj s tem enacbo za izradun avtokorelacije mocno
poenostavimo:

n
dn-1
2

izi= Y Vhisje1. Vhy (4.6)
i=1,j=1
zaradi simetrije pa velja tudi:
iZi =iZn-i- 1 (4.7)

4.2 Izvedba ¢asovne baze

Na A/D karti je programabilni timer, kjer lahko nastavimo
razliéne nadine prozenja, oz. tetja. Izbran je nacin, ko
se po vpisu Stevne konstante priéne odstevanje in ko

10 ms

I g

T

‘1\‘\'—-\_
/ AJD pretvorba 2.kanal slepa pretvorba
AJD pretvorba 1.kanal

\ izvajanje algoritma
Citanje 2.kanala
titanje 1.kanala

Slika 4.3: Casovni prikaz zaporedja A/D pretvorb in
izvajanja algoritma
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pride tevec na ni¢, se na izhodu sprozi signal za ¢as
trajanja ene periode urinih pulzov. Princip postopka
uporablienega za dosego Zelenega tipalnega casa je
predstavijen na sliki 4.3

Pretvorbi merilnih rezultatov opravimo z minimalnim
gasom pretvorbe, nato pa opravimo "slepo” pretvorbo,
tako da je vsota vseh Casov enaka tipalnemu ¢asu. Pri
takem nadinu je nujno da se algoritem opravi v krajsem
Gasu kot "slepa” pretvorba.

Nakoncu meritve seizride v graficnem nadinu 8e celoten
vzdolzni profil merjenca, v datoteko pa vpisejo odsto-
panja in kumulativni histogram, kar je pri sodobnem
sledenju proizvodnje nujno (standard 1ISO 9000).

5. Zakljucek

S prototipom merilnika smo preskusili meritve debeline
mnogih materialov. Posebej je potrebno biti pozoren pri
umerjanju vsakega laserskega senzorja, da ne vnese-
mo v merilno verigo dodatnih pogredkov.

Sistem, ki je zgrajen z opisanim senzorjem razdalje, ima
uporabno obmodje merjenja 20 mm z odstopanjem
+3.102 mm. Pri tem je potrebno omejiti maksimalni
odmik merjene povréine z dodatnimi valj¢nicami pred
merilno glavo, ker maksimalni odmik od srednje pozicije
pomeni zmanj$anje merilnega obmog¢ja in povecuje di-
namiéni pogredek. Sistem je ¢asovno stabilen in ne
potrebuje zagonskega ¢asa (delovna temperatura, drift
parametrov), tako da je takoj po vklopu pripravijen za
merjenje. Merilne rezulatate smo potrjevali na Al
plogevini razliénih debelin in na ivernih plo$¢ah razlicnih
debelin z brudeno in nebrudeno povrsino.

Ker je mozno prikljuciti veé merilnih glav, ki so razpore-
jene pre¢no, se ukvarjamo z dologitvijo ustrezne inter-
polacijske funkcije in 3D izrisom celotne povrsine.

Pre¢ni profil je mozno dobiti tudi z ustreznim pogonom
(koraéni elektromotor, proporcionalni ventil), ko meriino
glavo pre¢no pomikamo

Laserski merilnik lahko v vedini primerov uspesno
zamenja izotopske merilnike, ki s sevanjem v okolico
povzrocajo dodatne probleme (shranjevanje izotopov,
periodi¢ni pregledi osebja, zavarovanje merilnega
mesta, dodatna signalizacija...).

Z ustrezno analizo merilnega signala je mozno dograditi
diagnosticiranje napak na stroju (odprava zracnosti na
leZajih, vodilih ...). Ker je moZen vnos tehnologije direkt-
no v merilnik (z disketo, serijska komunikacija), se me-
rilnik enostavno vkljuéuje v CiM ali pa povezuje z racun-
alnikom na stroju.

Zaradi nadina zajemanja podatkov se merilno obmocje
spremeni enostavno z zamenjavo senzorjev, ki merijo v
drugem merilnem obmocju.
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UPORABA POLPREVODNISKIH IN MIKROELEKTRONSKIH KOMPONENT

ASICs - selecting the optimum solution

Conrad F. Heberling

ASICs can provide many advantages over SSI| and MSI
PCB designs. But there are different types of ASICs and
finding the most favourable solution for your specific
application is important in creating a new systemon a
chip.

Gate arrays, standard cell and custom ICs comprise the
three major types of application specific ICs. And all can
improve system performance, increase reliability, re-
duce component count, reduce power consumption,
lower manufacturing costs and provide protection
against unauthorized copying. However, there are
trade-offs in design flexibility, development span, devel-
opment cost and production prices of each ASIC pro-
duct.

Gate Arrays

Gate arrays have a fixed architecture which typically
consists of predesigned rows of uncommitted logic
gates separated by interconnect routing channels. For
agiven array size, these base layers are identical for all
applications. The only difference from one application to
the next is the metal interconnections between gates.

Gate level interconnections are normally specified by
gate array macro overlays (metal interconnect patterns)
and these are conceptually similar to standard cells.
Macros are superimposed on the gate arrays’ base
transistors to perform the logic function and afterwards
the macros are connected using the arrays’ fixed routing
channels.

Biggest advantage of gate arrays is short development
time compared to standard cell circuits and cell-based
custom circuits. Through using common base layers,
gate array wafers can be partially fabricated prior to
customization for a given use. Whenthe logicis defined,
metallization is all that need be carried out.

To achieve fast development, trade-offs to take serious-
ly are that the fixed architecture limits design flexibility
and causes production costs to be higher than a tunc-
tionally identical standard cell or custom IC. And, the
design is restricted to digital elements only.
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Standard Cells

Standard cells are really circuit building blocks which
have been previously designed, characterized and sub-
sequently stored in a computer data-base.

Cells canrange from simple digital circuit elements such
as logic gates to more complex digital sub-systems such
as ALU, UART, CPU, PLA, RAM and ROM memory
cells. The cells can also include basic analogue circuit
elements such as operation amplifiers and comparators,
as well as the even more complicated analogue subsys-
tems, such as ADCs and switched capacitor filters.

Such cells come in a standard cell library and by select-
ing the appropriate celis and interconnecting them, a
unique IC can be created. Because each standard cell
IC requires a unique fabrication mask set, the develop-
ment cost and time spans are higher than gate arrays.
However, standard cell circuits offer significant advant-
ages inunit pricing, design flexibility, circuit performance
and analogue and digital functional capabilities.

Compared with optimized full custom circuits, standard
cell circuits offer lower development costs, reduced
development time and a greater probability of first-time
IC success.

In exchange forthese benefits, the production unit prices
of a standard cell circuit are slightly higher than the
prices of a comparable optimized custom circuit.

Cell Based Custom Design

Within custom design, cell based custom design has
largely replaced full custom design, which requires that
each transistor is individually designed and manually
connected to the rest of the circuit. In a cell-based
approach, only critical parts of the circuit are designed
in a full custom mode for particular applications while a
major part of the design consists of previously available
standard cells.

Advantage of cell-based custom is that optimum perfor-
mance and minimum die sizes can realistically be
achieved, while minimizing design risks, development
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costs and development time compared to a full custom
circuit.

By deciding on a cell-based ASIC, a system design
engineer needs to pay for a state-of-the-art performance
only where it is required. In other portions of the circuit,
pre-designed standard cells are used to obtain the
desired reductions in cost and development times.

Silicon Compiler Circuits

Silicon compiler circuits can be considered a separate
type of ASIC but they actually represent a variation of
cell-based custom circuits. A silicon compiler is an ex-
tremely sophisticated computer programme which can
be used to create customized IC designs.

By supplying a high-level circuit description and the
necessary design specifications, a cellor even an entire
¢hip can be created by a compiler programme. Thus,
instead of drawing from a library of predesigned cells
and creating the desired full custom cells, a silicon
compiler can be used to create a type of cell-based IC.

In evaluating specific ASIC choices, the trade-offs of
eachdesign alternative must be considered. Companies
such as AMS offer experienced technical guidance to
help the customer make that decision.

And by establishing close working relationships with
such experienced companies, there is also valuable
advice to be had on system design, optimal ASIC im-
plementation and CAE interface options. With this as-
sistance, any experienced logic designer can sub-
sequently create his own ASIC for the next generation
of electronic system products.

Dr. Conrad Heberling
AMS

Schioss Premstdétten
A-8141 Unterpremstdtten
Austria

tel. (03136) 500-0

fax (03136) 52501

Cost/Volume for ASIC Technologies
Gate Count (2-Input NAND Equivalent)
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ELEKTRONSKO VEZJE ZA MINI CASOVNI STEVEC

J.Varl, J.Zmavc

uvoD

Mini ¢asovni Stevci so nova smer v razvoju in izdelavi
¢asovnih Stevcev s teznjo miniaturizacije in poseganja
na nova podrocja $tetja obratovalnih ur na zahtevnejSih
sistemih in napravah. Stevci se prikljucijo vzporedno s
tokokrogom in obratujejo samo, kadar je naprava vklo-
pliena. Casovni $tevec je v bistvu kvar€na elektronska
ura z elekiromehanskim pretvornikom in decimalnim
prikazom Casa. Prikaz ¢asa je izdelan v mehanskiizved-
bi Stevnih kolutov, podobno, kot pri Stevcih elektriCne
energije. Elektromehanski pretvornik je v osnovi Stevec
elektri¢nih impulzov. Poganja ga elektronsko vezje, ki
skrbi za napajanje, to€nostin pravilno delovanje pretvor-
nika. Osnova elektronskega vezja je Cip s kvarénim
oscilatorjem.Skupaj generirata ¢asovno zaporedje im-
pulzov, s katerimi se napaja in krmili pretvornik.

ELEKTRONSKO VEZJE

V mini ¢asovnem Stevcu je vgrajeno elektronsko vezje
izdelano v SMD tehnologiji. Na vezje je bondiran Cip
EMZ 1447. Cip je naro¢niSko vezje. Pri njegovem raz-
voju smo upostevali zahtevane karakteristike delovanja
dasovnih Stevcev. Vezje v Cipu je razdeljeno na oscila-
torski del, delilno verigo, oblikovanije izhodnih impulzov
in ojacevalno stopnjo. Oscilatorski del skupaj s kvarcem
tvori samostojni oscilator frekvence 32768 Hz. Delilnik
osnovne frekvence je dvajset stopenjski in na izhodu
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tvori zaporedje impulzov na 36 sek. Sirine 200 ms ali 1
sekunde, odvisno od izbire kontakta pri bondiranju. Na
elektronskem vezju je poleg Cipa $e vgrajen napetostni
regulator, kon¢na stopnja ojacevalnika impulzov, kvarc
s kondenzatorji za oscilator ter izbira dodatne funkcije
vklop/izklop. Napetostni regulator ima nalogo
vzdrzevanje konstantne napetosti na vezju ne glede na
predpisane razli¢ne vhodne napetosti ter posredovanje
zadostne energije ojacevalniku za premik tuljavice v
stalnem magnetnem polju. Dodatna izbira vklop/izklop
se uporablja samo v posebnih primerih. V normalni
vezavi se ta funkcija izvaja ob vklopu/izkiopu naprave v
katero je mini Stevec vgrajen.

Tehni¢ni podatki:

Napetost 5,12,24 VDC +/- 10 %
Poraba 71,158,311 mwW
Frekvenca osc. 32768 Hz

Velikost pl. vezja 20.2x 24.8 mm

Tehnicni podatki za ¢ip:

Napetost 3-6VDC

Tipi¢na poraba 50 pA (priVdd = 5 V)
Max. tok na izhodu 5 mA (priVdd =5V)
Max. padec Vdd na

tranzistorju 0,5V (prilc=5mA)

Frekvenca osc. 32768 Hz

Frekvenca impulzov 36 s

Sirina impulzov 02/1s
CMOS tehnologija

Nivo kakovosti Cc2

Velikost tabletke 295x217 mm
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MINI CASOVNI STEVEC

Miniaturni ¢asovni $tevci so izdelani za montaZzo na
tiskano vezje ali za vgradnjo v ohije. Stevci za montaZo
natiskano vezje so prilagojeni za avtomati¢no spajkanje
in so vodotesni. So tudi neobcutljivi za zunanja magnet-
na polja. Mini ¢asovni $tevci se uporabljajo za ugotavl-
janje obratovalnega ¢asa najrazlicnejsih strojev ali na-
prav. Stevci se prikljucijo vzporedno s tokokrogom na-
prave in obratujejo samo kadar je ta vklopljena.

Jomem
}rowcre
LT
SO | Sw——
gj
S S—

=

Stevce odlikujejo naslednje tehniéne lastnosti:
— tocnost delovanja
— visoka odpornost na vibracije in udarce

neobcutljivost na motnje zunanjega magnetnega
polja

majhne dimenzije

majhna poraba energije

konstrukcija omogoca spajkanje na TIV ali samos-
tojno vgradnjo

vodotesna izvedba ohisja

Tehnicni podatki:
Stevilo mest

6 mestni - 4 cele, 2 decimalni
7 mestni - 5 celih, 2 decimalni
1.7 x 4mm (6 mestni)
1.2 x 4mm (7 mestni)

Velikost Stevilk

Temp. obmodje

delovanja -10st.C/+50st.C
Zivljenska doba 5 let

Pogredek +/- 20 sek/dan

IP zascita IP 65

Odpornost na zunanje

magnetno polje 100 KA/m

Ohisje
Velikost
Lega vgradnje

prozorna plastika
252x31x139
poljubna

Janez Varl, dipl.ing.str
Joze Zmavc, dipl.ing.el.
Iskra Mehanizmi Lipnica
Lipnica 8, 64245 Kropa

SUPPRESSOR AND LIMITER DIODES FROM ISKRA SEMICON

For several years now manufacturers of electronic
equipment have been investigating the couses and ef-
fects of transients produced by atmospheric disturban-
ces and other sources such as inductive charges from
relays, motors, cables, etc.

With introduction of electro mechanical switchboards
and the use of protection gas valves, the damage
caused by transient voltage decreased dramatically but
the response delay (so important in these cases) was
not very good.

The effect is short as the energy source stored in the
inductance is limited and is generally dissipated by an
instantincrease in power {(energy = power x time). It can
be repeated several times due to a simple effect of
switching and this effect, if accumulated, can be signifi-
cant. Because of this, a demand for quicker response,
using solid state physics, was required for complete
protection of circuits.

The advantages of semiconductors has led to the use
of varistors and more recently to suppressor diodes as
elements for discharging over voitages.
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it is therefore obvious, that suppressor diodes will play
an important part in modern comunication systems, as
a suppressor of transient over voltage produced by
current pulses.

There are basically two kinds of protection: clamping
and crowbar. Clamping protectors: the most common
are varistors and suppressor diodes.

Varistors are clamping devices used in alternating cur-
rent supplies. It has non-linear symetric features and a
response time in the region of 25 nsec. Although it has
alower current capacity than gas valves, the breakdown
is more reliable. Gas valves are to be found among
crowbar protectors. These devices use the gap between
two electrodes. This gap goes from tens of volts to
kilovolts.

It's most impontant features are:

— High current capacity

- High noise

Slow response time

It shortcircuits when breakdown voltage is reached
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— Requires high dropout voltages which may be da-
maging for the rest of the circuit.

Supressor diodes made from silicon, formed through a
diffusion process and specificaly conceived short re-
sponse time (1 pico sec.). They are manufacturedintwo

versions:
R
UNIDIRECTIONAL, SYMBOL
o + ’,JL“ 4 :
BIDIRECTIONAL, SYMBOL

CONCEPT OF PRO- | GAS VALVES | VARISTORS | SUPPRESCR
TECTION DIODES
Range of breakdown | 65V -10KV | 20-2000V 1.33-10.7
voltage 6.8-440V
Current capability Very high Medium Medium
Resistance inareaof | Very Low Medium Low
conduction
Resistance in area of High High High
no conduction
Capacitance Very Low Medium Low
Response time Medium (250 | Fast(25ns) | Veryfast(1

ns) pico sec.
U/l Feature Symetric Symetric Symetric

Asymetric

Failure Mechanism Open Circuit | Short Circuit | Short Clreuit
Kind of protection Crowbar Clamping Clamping
Noise Very high Low Very Low

To protect continuous current, unidirectional ones are
used with the cathode in the positive part of the voltage.
Bidirectional ones are used with either positive or nega-
tive voltage as they are basically two diodes in opposi-
tion. These are commonly used in AC circuits due to its
simetrical characteristic U-I. These components fail
when presented with power peak higher then the maxi-
mum Ppp of the diode which causes the silicon to fuse
thereby short circuiting the diode.

It's advisable to have a circuit breaker fitted, which cuts
off the supply of current for an excessively long time.
When a circuit has to be protected from over voltages of
higher voltage, these diodes may be grouped in serie
with the aim of creating a higher voltage.

The most important properties of these diodes are:

very shaort responce time: typical 1 psec - very small
dynamic impedances in the conduction zone

good clamping capability
good stability in long term storage and operation

high power dissipation absorbtion combined with
over voltages of a short duration.
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The test pulse for the peak current and the clamping
voltage is a shock wave pulse characterized by a rise
time and a fall time.

trsu

U, Upe Upu

FORWARD CHARACTERISTIC

UF -FORWARD VOLTAGE
IF -PORWARD CURRENT
IFSM - RATED FORWARD PULSE CURRENT

REVERSE CHARACTERISTICS

URM - REVERSE VOLTAGE IN WHICH POINT THE DIODE

DOES NOT CONDUCT

IRM . MAXIMUM REVERSE LEAKAGE CURRENT AT URM

UBR - VOLTAGE VALUE WHERE THE CURRENT

INCREASSES VERY FAST (AVALANCHE POINT)

{BR - TEST CURRENT FOR UBR

UCL - MAXIMUM PROTECTION VOLTAGE FOR A PULSE
WITH A (PP VALUE

- PEAK PULSE CURRENT DETERMINATED BY A TIME
AND WAVE AMPLITUDE (EXPO. PULSE 101000 flsec)

PP

The rise time lasts between 8 and 10 usec andis defined
between 10 and 80% of the maximum current value. The
fall time is, when current decreases to 50 % of the peak
value, (between 20 and 1.00 msec).

t {us) 12 (us)
Wave 8/20 us 8 20
Wave 10/1000 pis 10 1000
l-current

pp

t

/2

b1

t—time

4

PEAK CURRENT PULSE WAVE FORM
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BZW04 BZW06 BZW1S
PEAK PULSE POWER " Ppg (w) 400 600 1500 |
2) Breakdown voltage at I Clamping Peak pulse Peak pulse Peak pulse
type Usn (V) (mA) voltage at lpp cur‘rent current current
5o Uc (V) ipp" (A) ipp" (A) ipp" (A)
5v8 68 10 105 38 57 143
5v4 75 1 13 5.4 53 132
7vo 8.2 1 TR 33 T os0 124
7ve 91 1 13.4 30 45 112
8vs5 10 1 145 27.6 T 103
av4 1 1 15.6 25.7 96
10 12 1 167 24 i 36 90
11 13 1 18.2 22 TS 82
13 15 1 21.2 19 28 71
14 16 1 22.5 17.8 27 67
15 18 1 25.2 16 24 59.5
17 20 1 27.7 14.4 22 54
19 22 1 30.6 13 20 49
20 24 1 33.2 12 T 45
23 27 1 375 107 16 40
26 30 1 415 9.6 145 36
28 33 1 457 8.8 13.4 33
31 36 1 499 8 2 30
a3 39 1 53.9 74 TR 28
37 43 1 59.3 6.7 w1 253
40 47 1 64.8 6.2 93 232
44 51 1 70.1 5.7 86 21.4
48 56 1 77 5.2 78 1 e
53 62 1 85 47 71 17.7
58 68 1 92 43 65 16.3
64 75 1 103 38 58 14.6
70 82 1 113 35 53 13.3
78 91 1 125 32 4.8 12
85 100 1 137 2.9 44 11
94 110 1 152 2.6 3.9 9.9
102 120 1 165 24 36 X
111 130 1 179 22 34 8.4
128 150 1 207 2 29 7.2
136 160 1 219 18 Y 6.8
145 170 1 234 1.7 26 6.4
154 180 1 246 16 Y 6 1
171 200 1 274 15 22 5.5
188 220 1 301 14 2 46
213 250 1 344 13 2 5
239 280 1 384 13 2 5
256 300 1 414 12 16 5
273 320 1 438 12 16 45
299 350 1 482 0.9 16 4
342 400 1 548 0.9 13 4
76 440 1 603 0.8 e 35
case DO - 41 DO - 27

1 EXPONENTIAL PULSE 10/ 1000 1S
2) UNIDIRECTIONAL, FOR BIDIRECTIONAL ADD “B” TO BASIC PART NUMBER, .G BZW04 - SVEB
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BIDIRECTIONAL LOW VOLTAGE, LOW CAPACITANCE,
TRANSIENT SUPPREESSOR DIODES

Stand-off Breakedown vc;l'tage at | Peak pulse current " Capacitance Tenﬂwérawtﬂmrjvrre
Type voltage In=10mA Ipp U =0V coeficient Case
u 10% Ugn (A) C aC
(A} v (pF) (mV/oC)
SV0.8 0.8 133 30 w040 | 36
sviz 1.2 2 25 346 54
SV16 1.6 27 15 260 72 DO - 41
svV2 2 3.3 15 208 9
SV 2.4 2.4 4 15 173 -10.8
SV 2.8 2.8 47 15 148 126
SvV3.2 32 54 15 130 44
SV36 3.6 6 15 115 16.2
SV4 4 6.7 15 104 .18
SV 4.4 4.4 7.3 15 94 -19.8 _Ca,slc
Py Similar
SV 4.8 4.8 8 15 86 216 DO-41
SVs.2 5.2 8.7 15 80 234
SVs56 56 9.4 15 74 ?52:
sve 6 10 15 69 27
SV6.4 6.4 107 15 65 288
SVP 0.8 08 1.33 100 1550 - 36
SVP 1.2 1.2 2 75 1050 54
SVP 16 16 2.7 50 840 T2 DO - 27
SVP 2 2 33 50 660 9
SVP 2.4 2.4 4 50 550 -10.8
SVP 28 2.8 4.7 50 470 26
SVP 3.2 3.2 5.4 50 412 4.4
SVP 3.6 36 6 50 366 T 162
SVP 4 4 6.7 50 330 .18
SVP 4.4 4.4 7.3 50 300 198 case
SVP 4.8 48 8 50 275 216 similar
DO-27
SVP 52 5.2 8.7 50 253 -23.4
SVP 56 5.6 9.4 50 235 252
SVP 6 6 10 50 220 27
SVP 6.4 6.4 107 50 206 .28.8
TYPICAL APPLICATIONS OF SUPPRESSOR DIODES
Fn e
L A - b
O - H oa¢ [ou— . Y s

AC SUPPLY PROTECHTION

OVER VOLTAGE POWER SUPLLY PROTECTION
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DCSUPPLY PROTECTION

BT
[ VRPN SR VY, Ifqge [+ |
regulator
7y R ¥
Qe e 2

INPUT-OUTPUT PROTECTION

EMI SUPPRESING

AC Line

i

L o e

PROTECTION BY TWO UNIDIRECTIONAL DIODES

BIDIRECTIONAL LIMITER DIODES

Steady Power Peak Temepe- Voltage Ur (V) at
state dissipa- pulse rature e =
Type current tion current’) case
e Ptot Ipp ac 1 .
0 A 1mA 10 mA 70 mA 100mA 1A 10 A
(mA) (mw) (A) (mV/°C) m
min min max min min max max max max
SV02 500 30 -3.8 0.2 0.9
SVo22 250 25 -5.7 0.4 1.8
SV03 . 166 1000 15 7.6 0.6 27 DO-41
SV04 125 15 9.5 205 | 256 3.35
SV05 100 15 -11.4 255 [ 318 4.18
Svi2 750 100 -3.8 0.21 0.61 0.88 1.05
Svi122 375 75 -5.7 0.42 1.22
SVi3 250 1500 50 -7.6 0.63 1.83 DO-27
SVi4 188 50 -9.5 0.84 2.44
SV15 150 50 -11.4 1.50 3.50
* Pulse test. Pulse widh 1msec
UNDIRECTIONAL LIMITING (STABISTOR) DIODES
Steady Power Minimum Voltage Ur (V) at
state dissipation reverse le=
Type current Ptot voltage 5 mA 10 mA 100 MA 200 mA case
Ir (mW) Ur
mA (\%) min max min max min max min max
2360 1.000 0.63 0.71
. . 1.4 .
BY02A 500 1000 55 1.1 1.35 1.7 DO-41
BY0O3A 300 1.7 2 2 2.15
BYO4A 200 2.25 275 2.7 3.25

TYPICAL APPLICATIONS OF LIMITER DIODES

— temperature compensation of transistor and "voltage
regulator diode" circuits

— amplitude stabilization of touch-tone telephone oscil-
lation

= voltage limiters and dividers

— wave squarers for threshold limiters, level shifters,
etc.
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— secondary arrestors in repeater ampilifiers
— click absorbtion in telephone handsets

ISKRA SEMICON d.d.
SLO 61420 Trbovije
Gabrsko 12

tel. (0601) 24155

fax (0601) 22376
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K_ON FERENCE, POSVETOVANJA, SEMINARJI, POROCILA

Tecaj osnove vakumske tehnike

V dneh 15., 16., in 17. junija je bil v organizaciji DVT
Slovenije izveden prvi letodnji tecaj "Osnove vakumske
tehnike". Potekal je na Indtitutu za elektroniko in vakum-
sko tehniko, prva dva dni dopoldne in popoldne, zadnji
dan pa le dopoldne. Udelezencev je bilo sedem in sicer
iz naslednijih delovnih organizacij: Labod Trebnje - Novo
mesto, Iskra avtoelektronika Nova Gorica, Institut Zoran
Rant Skofja Loka, IEVT Ljubljana in 2 zasebni podjetji
{iz M. Scbote in iz Benedikia). Program je kot obic¢ajno
obsegal 20 h predavanj in vaj z naslednjo tematiko:

— pomen in razvoj vakuumske tehnike
fizikalne osnove

— vakumske Crpalke

meritve vakuuma

materiali v vakumski tehniki

hermeti¢nost in odkrivanje netesnosti

tehnike Cis¢enja in spajanje

analize povrdin

tankoplastne in druge vakuumske tehnologije

¢iscenije in preiskave plinov

Tecajniki so si ogledali tudi nekatere laboratorije in
speciaino tehnologijo na Institutu za elektroniko in va-
kuumsko tehniko ter na koncu prejeli potrdilo o udelezbi.

Andrej Pregelj

1. Sre¢anje vakuumistov Slovenije in Hrvaske

Po razpadu Zveze Jugoslovanskih drustev za vakuum-
sko tehniko TUVAK, zaradi Srbske agresije v bivsi
Jugoslaviji, sta hrvasko in slovensko drustvo sklenili
ohraniti in celo izboljati Ze obstojeCe strokovne stike.
Ze lani v Haagu, ob sprejetju v mednarodno zvezo
IUVSTA smo se vakuumisti obeh novih drzav dogovorili
za pripravo 1.skupne konference letos spomladi v Za-
grebu. 21. aprila se nas je na enodnevnem sre€anju
zbralo na Institutu za fiziko pri Mirogoju (Zagreb) cca 50
strokovnjakov iz institutov in industrije, od tega 31 aktiv-
no z referati. Predavanja omejena na 15 - 20 minut so
potekala od 8.30 do 18.50; za izmenjavo mnenj in
navezavo stikov je bilo le malo ¢asa: dve kratki coffee

pavzi in kosilo. Tematika, sploSno vakuumska je pose-
gala na vsa strokovna podro¢ja mednarodne zveze.
Vzporedno je potekala mala razstava vakuumskih
elementov, kjer so domadi proizvajalci in zastopniki tuijih
firm seznanili strokovnjake s svojo ponudbo. Lokalni
organizator - Hrvadko drustvo je sreCanje izvedic v
prisrénem in gostoljubnem vzdudju ter pripravilo za
vsakega udelezenca zbornik abstraktov. Referati bodo
objavljeni v strokovni reviji Vakuumist slovenskega va-
kuumskega drustva.

Andrej Pregelj

PREDSTAVLJAMO PODJETJE Z NASLOVNICE

"Austria Mikro Systeme International AG", AMS for short

Founded only 10 years ago, AMS has grown to be one
of the leading European manufacturers in the semicon-
ductor market. At its headquarers in Unterpremstétten
near Graz, AMS designs and produces "custom cir-
cuits”, so- called ASICs for "Application Specific Inte-
grated Circuits”". Expressed very simply: AMS designs
and produces tailor-made chips for the most individual
customer requirements.
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No mass market

"We are thus not only incredibly flexible, but also not
exposed to the enormous risk of the mass products,
such as memory chips”, says President and CEO Horst
Gebert, who has led the company successfully since
1986.



Informacije MIDEM 23(1993)3, Ljubljana

Everything under one roof - optimum flexibility

AMS combines every technological step "under one
roof";

— research and development,
— productidea,

— chip design,

— production,

test and

— sales and marketing.

Thus AMS is quite extraordinarily flexible. "In recent
years we have been able to reduce the product life of
our ASICs by 50% from its original four down to its
present-day two years", says Gebert proudly. "And this
year 60% of our sales will be with products only de-
veloped in 1992,

The AMS "three column concept”

AMS concentrates on market segments which it ser-
vices with innovative system solutions. These three
columns are:

- telecomunications,
— automotive industry and
— industrial electronics.

Today tailor-made AMS chips are just as common as
the control elements in handy phones as they are in
intensive care stations, industrial robots or in the safety
system of our cars. There is hardly any other ASIC
manufacturer as capable as AMS at adapting to the
specific needs of each individual customer and desig-
ning and producing precisely those tailor-made ICs
which the client needs.

1992 - European champion

This flexibility on the one hand, but also the quality level
on the other, and AMS’ innovative strength and the
environmental protection measures, were the reasons
for the American trade magazine "Semiconductor Inter-
national, USA" to elect AMS as the "best semiconductor
factory in Europe in 1992" (TOP FAB OF 1992).

Internationally active

From its headquarters in Unterpremstatten (the AMS
research centre Premstatten Castle already bears the
synonym of Austria’s "Sillicon Castle") - AMS controls
sales offices and design centres in Paris, Milan, London,
Stockholm, Minich, Hamburg, Dresden and Cuperti-
no/USA.

221

AMS operates in rapid growth markets

The three "market columns" of AMS, telecomunications,
automotive and industrial electronics are heavy growth
markets. Thus the number of telephone lines in Europe
is predicted to increase to 330 million by 1995, the
number of comfort telephones in Europe is expected to
rise from 4.5 million in 1992 to 8 million by 1995. In the
same period standard telephones will increase from 30
million to 40 million units, and with special telephones a
doubling is forecast in the next three years (to 4 million
units). And by 1995 the worldwide market for mobile
communications might even achieve US$ 35 billion.

Despite the recession in the automotive Industry -
electronics will continue to grow

Despite the almost worldwide recession in automobile
production thé use of advanced electronics will grow.
Thus it is estimated that by 1995 the electronics share
in a car willincrease from its present 8% (of the overall
production costs) to 20%(!).

AMS sales 1992: ATS 725 million, a plus of 17%

Inthe year 1992 AMS was able toincrease sales by 17%
to ATS 725 million (1991: ATS 617). The workforce
average 584 (1991 : 554).

ATS 65 million profit according to OVFA

With a profit increase of 8% according to OVFA - ATS
56 million - a cash flow of approx. 20% of the sales was
achieved.

Export quota 97%

Last year 97% of AMS sales went abroad. The most
important export markets for the Styrian high-tech com-
pany were:

— Nordic countries 33%
— Germany 19%

— ltaly/Spain 12%

— USA8%.

— France/Benelux 6%
— England/lreland 6%
— Rest of the world 7%

Contact: Dr. Conrad Heberling, ext. 277
Schloss Premstétten

A-8141 Unterpremstétten, Austria

Telex 312547 ams a

fax (03136) 52 501, 53 650

tel.: (03136) 500-0*
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VESTI

Aprilska $tevilka Novic - MZT prina3a predstavitev 53 raziskovalno-razvojnih projektov, ki jih je Ministrstvo za zanost
in tehnologijo financiralo v letih 1991 in 1992. Za bralce Informacij MIDEM smo pripravili predstavitev nekaterih

projektov iz dveh raziskovalnih polj.

Raziskovalno polje: ELEKTRONSKE
KOMPONENTE
INTEHNOLOGIJE

Naslov: Senzor za merjenje pritiska do 500 bar
s pripadajofo elektri¢tno mersko enoto
Naroénik projekta: Kladivar, Ziri

Vodja projekta: mag Marjan Hudomalj, Senzolab,
Ljubljana

Izvajalec projekta: Senzolab, Ljubljana

Trajanje projekta: januar 1992 - december 1992
Delez sredstev MZT: 1.000.000,00 SIT

Rezultati projekta:

Dosedanji rezultati so zakljucili uvodni del v
obseznejdem razvojnem delu pri tem projektu. Rezultati
slonijo naintenzivnosti, sajje bilo treba zdruZiti postopke
in metode, ki med seboj niso kompatibilni.

Vtemdelu so bile dolodene lastnostiin na njihovi podlagi
izbrana kovina za izdelavo membrane, razviti pa so bili
tudi povrdinske obdelave in zasc¢ite membranske folije
ter postopka mehanskega puscanja.

Podroc¢je implementacije rezultatov:

Namen raziskave in razvoja tankoplastnih senzorjev za
pritisk je bil izdelati prototip in vzpostaviti redno proiz-
vodnjo.

Trzni (ekonomski) uc€inki:
Analiza trznosti napoveduje ugodne trzne ucinke.

Sodelovanje raziskovalcev iz znanstveno-raziskovaine
in proizvodne sfere:

V dosedanjemdelu je sodelovala skupina strokovnjakov
z Univerze v Ljubljani, iz Kladivarja in Senzolaba, pred
temi raziskavami pa so vecletne temeljne raziskave
potekale na Institutu "JoZef Stefan” v Ljubljani.

Naslov: Visokovakumski naparevalnik ogljika
Ceo

Naroénik projekta: Institut "Jozef Stefan”,
Ljubljana Institut za avtomatizacijo procesov p.o.,
Ljubljana

Vodja projekta: izr.prof.dr. Joze Gasperi¢, Institut
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"Jozef Stefan", Ljubljana

Izvajalec projekta: Institut "JoZef Stefan”,
Ljubljana

Trajanje projekta: januar 1992 - december 1992
Delez sredstev MZT: 6.821.100,00 SIT

Rezultati projekta:

Konéni rezultat projekta je laboratorijski prototip va-
kuumskega naparevalnika ogljika Ceo, ki Ze rabi kot
rutinska naprava za pridobivanje fluerena Cso.

Podroéje implementacije rezultatov:

Fuleren Ceoje osnova zaizdelavo novih snovi z odli¢nimi
tribolokimi ter superprevodnimi lastnostmi.

Trzni (ekonomski) udinki:

Ekonomski ucinki $e niso znani, pri¢akovanja v svetu pa
so velika.

Sodelovanje raziskovalcev iz znanstveno-raziskovaine
in proizvodne sfere:

Rezultat projekta je posledica sodelovanja med Institu-
tom "JoZef Stefan” in Indtitutom za avtomatizacijo proce-
sov ter tujimi univerzami.

Naslov: Ultra hitra dioda

Narotnik projekta: Iskra Semicon d.d., Trbovlje
Vodja projekta: Zmago Zupandic, dipl. ing., Iskra
Semicon d.d., Trbovlje

lzvajalca projekta: Iskra Semicon d.d., Trbovlje;
Mikroiks d.0.0., Ljubljana

Trajanje projekta: januar 1991 - december 1992
Delez sredstev MZT: 3.000.000,00 SIT

Rezultat projekta:

Vzporedno so razvili slojno in planarno tehnologijo za
izdelavo ultra hitrih silicijevih diod. Obe tehnologiji se
dopolnjujeta, saj se v prvi laze izdela visoko napetostne
diode z dalj$imi preklopnimi ¢asi, medtem ko se s pla-
narno tehnologijo laze izdela diode z nizjo prebojno
napetostjo in krajsimi preklopnimi ¢asi.

lzdelane diode so dale pricakovane rezultate in ustreza-
jo zahtevam kupcev.
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Pri obeh tehnologijah je difuzija dopantov najpomemb-
nejsi korak. S spreminjanjem pogojev difuzije se vpliva
na distribucijo dopantov, ki ima skupaj s povrsinsko
koncentracijo dopanta pomembno funkcijo pri zagotav-
ljanju ustreznih preklopnih karakteristik diode. Pri tem
imajo glavno vlogo vgrajena elektri¢na polja in z difuzijo
tvorjeni defekti. Z izdelavo ultra hitrih diod so razvili in
optimirali difuzije tako, da dajo zahtevane lastnosti. Zelo
pomembno je bilo zagotoviti ¢im vecjo uniformnost in
ponovijivost postopka.

Preklopni ¢as diod se uravnava z vsebnostjo zlata v
siliciju. Z difuzijo zlata se lahko zagotovi koncentracija
zlata velikostnega reda 10'® at/cm® Si, kar pomeni 0,1
ppm zlata v siliciju. Izredno zahtevnost postopka kaze
tudi zahtevana natanénost doseganja koncentracije
zlata. Toleran¢na meja je 10% (0,01 ppm).

Zaradi doseganja visokih zapornih napetosti so po-
trebne ustrezne zakljucitve polprevodniske strukture in
pasivacije. Povrsinski tokovi ob zakljucni strukturi so
funkcija nedisto¢. Poleg tega je silicij zaradi kompenza-
cije z zlatom skoraj intrinsiCen in zelo obcutljiv na
elektricna polja in naboje v okolici. Strukturo dicde so
uspeli primerno oblikovati in pasivirati in tako dosegli
skoraj teoreti¢no vrednost reverznega toka diode.

Celoten proces jim je uspelo optimirati do te mere, da
so dosegli za tovrstne tehnlogije izjemno visok izplen -
95%. Zaradi vedno vecjih zahtev kupcev bo treba nadal-
jevati delo pri optimiranju procesa.

Podrocje implementacije rezultatov:

Hitre in ultra hitre diode se uporabljajo povsod, kjer je
prisotna visoka frekvenca.

V svetu so vedno bolj popularni stikalni napajalniki
(switch - mode power supplies), ki delajo na visjifrekven-
¢i, zato se povecluje proizvodnja in prodaja hitrih in ultra
hitrih diod.

Tovrsten napajalnik razseka izmeni¢no napetost na
frekvenéno podrocje od 20 do 200 kHz. Vhodna dioda
je standardna usmerniska dioda, ena od izhodnih dveh
diod je zaradi visoke frekvence ultra hitra, druga pa
zaradi nizke usmerniske napetosti schottky dioda.

Vsi osebni racunalniki, monitorji, TV sprejemniki, na-
prave zaizkoriS¢anje soncne energije, regulatorji, brez-
prekinitvene napajalne naprave in ostale moderne na-
prave vsebujejo stikalne napajalnike. Razmerje med
uporabnimi diodami je: 25% standardna usmernigka
dioda, 75% hitra in ultra hitra dioda.

Trzni {(ekonomski) uéinki:

Ultra hitre diode Ze uspedno prodajajo, poteka pa tudi
marketindka obdelava trzidca.
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Sodelovanje raziskovalcev iz
znhanstveno-raziskovalne in proizvodne sfere:

Uporabili so raziskovalne moznosti Instituta "JoZef Ste-
fan" in Instituta za elektroniko in vakuumsko tehhniko.

Naslov: Vakuumske tehnologije in karakteriza-
cije povrsin za elektroniko in optoelektroniko
Naroéniki projekta: Iskra Elektrooptika, Ljubljana;
Iskra ZaScite, Ljubljana; Indtitut za elektroniko in
vakuumsko tehniko, Ljubljana

Vodja projekta: France Brecelj, dipl. ing., In8titut
za elektroniko in vakuumsko tehniko, Ljubljana
lzvajalec projekta: Institut za elektroniko in va-
kuumsko tehniko, Raziskovalno-razvojni oddelek,
Ljubljana

Trajanje projekta: januar 1992 - december 1992
Delez sredstev MZT: 15.831.650,00 SIT

Rezultat projekta:

Projekt je bil sestavljen iz treh delno med seboj pove-
zanih raziskovalno-razvojnih podprojektov.

Razvoj25 mmelekironskega slikovnega ojadevalnika 2.
generacije z izboljSanimi karakteristikami je bil zakljuéen
s funkcionalnem modelom slikovnega ojacevalnika z
izboljSanimikarakteristikami: med drugimi z obcéutljivost-
jo fotokatode 450 uA/Im, ojacanjem 30000, locljivostjo
30 Ip/mm in distorzijo < 4%, Z ra¢unalnisko simulacijo
se je dolocilo primerno geometrijo, ki pa bi jo §e morali
optimizirati zizdelavo serije ojacevalnikov. Razviti so bili
postopki visokotemperaturne metalizacije obrockov iz
visokoglinicne keramike in izdelana kerami¢no-kovin-
ska ohidja za ta tip elekironke. Razvit je bil postopek
sinteze visokoobcutljive multialkalijske fotokatode. lzde-
fani sta bili konstrukcijska in tehnoloska dokumentacija.

Razvojkratke minjaturne enocolske katodne elektronike
z elektrostatskim odklonom - MKES2 je bil zakljuc¢en z
izdelavo laboratorijskih prototipov, ki so izpolnjevali
tehni¢ne zahteve naroénika za vgradnjo v novo termo-
vizijsko kamero. Vzorci elektronk so bili na testiranju v
tujini odli¢no ocenjeni. Elektronka je bila predstavljena
na Sejmu elektronike v Ljubljani.

Razvojlinearnega polimernega senzorjain industrijskih
merilnikov vlage je bil zakljuen z izdelavo serij tanko-
plastnih polimernih senzorjev v €ip oblikiin v TOS5 ohisju.
Senzorji ustrezajo zahtevam splodne uporabe. Stabilno
delovanje naj bi se doseglo tudi pri vidjih temperaturah
in viagah, kar bi raz8irilo njihovo uporabnost v industriji.
Razvitih je bilo nekaj tipov dajalnikov relativne vlage z
napetostnim ali tokovnim izhodom oz. z opti¢nim preno-
som merilnih podatkov. Razvili so dajalnik relativne
viage na kapacitivnem nacelu s senzorjem v TO5 ohisju,
namenjenem krmiljenju gospodinjskih susilnih strojev, ki
pa zaradi fizikalnih zakonitosti ni primeren za meritve
vlage v izpuhu susilnika. Osvojili so izdelavo kalibrov
relativne viage z nasic¢enimi raztopinami soli po DIN
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50008 za meritve senzorjev vlage in umerjanje merilni-
kov viage. Delo nadaljujejo z izdelavo racunalnisko nad-
zorovane klimatizacijske komore za umerjanje merilni-
kov relativne vlage. Vzoréni merilniki viage so bili pred-
stavljeni na Sejmu elektronike v Ljubljani.

Podrocje implementacije rezultatov:

Pri prvem podprojektu osvojeno znanje je omogocilo
sodelovanje z inozemskim partnerjem na podroéju sli-
kovnih elektronk, vklju¢no z izdelavo serije ohisij zanje
ter predvidenim sodelovanjem pri uporabi snemalnih
elektronk pri varovaniju objektov v izredno slabih svet-
fobnih razmerah.

Nov tip elektronke MKES2 je primeren za vgradnjo v
sodobne termovizijske kamere, kar pa ni njegova iz-
kljuéna uporaba.

Razvoj linearnega polimernega senzorja in industrijskih
merilnikov vlage omogocda vkljucevanje na podrodju, ki
je v svetu Se vrazvoju in doseZeni rezultati ne zaostajajo
veliko. Laboratorij za meritve relativne viage in pripravo
kalibrov vlage se bo vkiucil v slovenski sistem laboratori-
jev.

Trzni (ekonomski) uginki:

Delo pri prvem podprojektu je spodbudilo narogilo prve
serije kovinskih ohisij elektronk znanega tujega
naro¢nika in sodelovanje pri njegovem razvoju, sicer v
manjSem obsegu, vendar z moZnostjo vecdjega
vklju€evanja. MoZna pa bi bila tudi pomo¢ pri vpeljavi
proizvodnje.

Proizvodnja elektronk MKES2 je povsod v svetu ma-
loserijskain zato so brez vedjih kapitalskih viozkov lahko
konkurenéni, ker prodajajo znanje in potrebujejo le nekaj
vec kot 10% materiala. Prodaja nekaj 100 katodnih cevi
pomeni realizacijo blizu 0.5 mio DEM.

Prodaja kakovostnih senzorjev viage ima veliko
moznosti. V Sloveniji obstaja tudi potreba po umerjanju
merilnikov vlage, ki so v uporabi v industriji in labora-
torijin, sajtudi najugodnejse svetovne firme predpisujejo
preverjanje vsakih nekaj mesecev, najpozneje pa po
enem letu.

Raziskovalno polje: MATERIALI

Naslov: Razvoj tehnologije injekcijskega briz-
ganja za izdelavo nove generacije keramike na
osnovi aluminijevega oksida

Narocnik projekta: Iskra AET, Tolmin

Vodja projekta: mag. SaSa Novak, Institut "JoZef
Stefan", Ljubljana

Izvajalca projekta: Institut "Jozef Stefan",
Ljubljana; Iskra AET, Tolmin
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Trajanje projekta: januar 1992 - december 1992
Delez sredtev MZT: 3.789.500,00 SIT

Rezultati projekta:

Injekcijsko brizgana keramika je trzno zanimiv proizvod,
s katerim Iskra AET, Tolmin, Ze leta uspesno prodira na
tuja trzis€a. Zanimanje za tovrstne izdelke (predvsem
tesnilne plo&Cice za armature) je v zadnjem ¢asu 3e
vecje, kerIskra AET uporablja tehnologijo nizkotlanega
brizganja. Ta je postala aktualna zlasti zaradi vecje
ekonomicnosti v primerjavi z visokotlacnim brizganjem
{manj3a poraba energije zaradi nizjih tlakov in znatno
manjSa obraba orodja za brizganje). Da bi ohranili kon-
kurencnost svojih izdelkov, je bilo nujno poglobiti ne-
katera znanja, ki omogocajo vecje obvladovanje proce-
sa in zmanj3evanje odpadkov zaradi napak v keramiki.

Analiza napak vizbranih izdelkih iz proizvodnje je poka-
zala vir napak Ze v zelo zgodnji fazi proizvodnje, t.j. v
pripravi mase za brizganje. Na temelju poglobljene an-
alize lastnosti izhodnih surovin in analize reoloskih last-
nosti vodnihin parafinskih suspenzij keramiénega prahu
ter Studija kritiCnih faz proizvodnje so definirali sestavo
parafinske suspenzije in nekatere tehnoloske par-
ametre. Za zagotovitev stabilnosti kakovosti je nujno
treba zagotoviti minimalno prisotnost vliage v izhodnih
surovinah in med samim tehnoloskim postopkom. Opti-
malina koncentracija ustrezne kombinacije povrsinsko
aktivnih snovi zagotavlja pa rafinski suspenziji primerne
reolosSke lastnosti, zlasti ve&jo stabilnostin nizko viskoz-
nost pri visoki vsebnosti kerami¢nega prahu. Posodobi-
tev nekaterih kriticnih faz bo v prihodnje omogocdila
optimalno izkoriS¢anje pridobljenih znanjin s tem dose-
ganje visoke kakovosti injekcijsko brizgane keramike.

Podrod&je implementacije rezultatov:

Rezultati razvojnega dela bodo omogodili izboljSanje
kakovosti injekcijsko brizgane tehni¢ne keramike za tri-
boloSke aplikacije.

Trzni (ekonomski) u€inki:

S prenosom rezultatov razvojnega delav proizvodnjo se
je za 2 do 3% zmanjsal odpadek in povecal izvoz za
priblizno 16%.

Naslov: Magnetni materiali na oshovi NdFeB
spojin

Naro€nik projekta: Iskra Magneti p.o., Ljubljana
Vodja projekta: dr. Spomenka Kobe-Besenidar,
Institut "Jozef Stefan, Ljubljana

Izvajalec projekta: Institut "Jozef Stefan",
Ljubljana

Trajanje projekta: januar 1992 - december 1992
Delez sredstev MZT: 3.392.497,00 SIT
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Rezultati projekta:

Rezultat projekta so izdelani trajni magnetni materiali na
osnovi spojine NdFeB z izbolj$animi magnetnimi last-
nostmi. Z majhnim dodatkom ZrO2 so dosegliizbolj$anje
koercitivne sile sintranih magnetov za 20 %, ne da bi se
pri tem poslab3ala remanentna magnetizacija. Z znat-
nim izbolj$anjem temperaturnih koeficientov obeh ka-
rakteristicnih magnetnih lastnosti pa so povedali tudi
temperaturno obmodje uporabe teh magnetov.

Dodatek Zr oksida izboljSa magnetne lastnosti NdFeB
magnetov, obenem poveéa tudi njihovo korozijsko ob-
stojnost, ki je za uporabo teh materialov prav tako
pomembna kot njihova magnetna stabilnost.

Izboljanje magnetnih lastnosti in poveéano korozijsko
stabilnost so razloZili z nastankom nove faze, ki so jo s
pomocijo elektronske mikroskopije in EDS analize ident-
ificirali kot ZrB; fazo. Novo nastala faza v obliki heksa-
gonalnih plos&ic vpliva na razvoj mikrostrukture med
sintranjem, zavira rast zrn trdomagnetne faze in tako
posredno vpliva na magnetne lastnosti. Vsebnost pros-
tega Nd na mejah med zrni se zaradi reakcije z ZrO»
zmanj$a, s tem se zmanjsa obdutljivost mej med zrni.
Korozija poteka le na povrsini vzorcev, medtem ko je pri
nedopiranih vzorcih globinska. Korozijska obstojnost se
poveca za faktor 10.

Podrocje implementacije rezultatov:

Razvojno-raziskovalno delo se vklaplja v dolgoroéno
usmeritev tovarne Iskra Magneti. Z novimi programi
Zelijo razsiriti in posodobiti svoj proizvodni program, to
pomeni, v nekaj letih nekatere proizvode iz Alnico pro-
grama zamenjati z modernejSimi materiali, ki omogocajo
miniaturizacijo na vseh podrogjih njihove uporabe in
med katere sodijo tudi sintrani magneti na osnovi NdFeB
spojine.

Naslov: Razvoj keramiénih granulatov in kon-
strukcijskih delov

Naroc¢nik projekta: COMET, umetni brusi in neko-
vine, ZreCe

Sopredlagatelj: Iskra AET, Tolmin

Vodja projekta: dr. Milo§ Komac, Institut "JoZef
Stefan”, Ljubljana; COMET, Zrece; Iskra AET, Tol-
min

Trajanje projekta: 1990 - 1991

DeleZ sredstev MZT: 878.657,00 SIT

Rezultati projekta:

Cilj projekta je bil povedati izbiro izdelkov iz tehniéne
keramike, hkrati pa povedati izkori§éenost proizvodne
opreme. To bi bila tudi osnova za razvoj trzno zanimivih
izdelkov v obeh podietjih, tj. v Cometu in Iskri AET.
Koncni izdelek iz granulata pa je bil bat za visokotiagno
¢rpalko. V okviru projekta so bili razviti novi tipi granula-
tov za izostatsko stiskanje z dobro obdelovalno sposob-
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nostjo z odvzemanjem materiala. Razvita sta bila dva
granulata (interna oznaka A11 in A12, pogojno upora-
blien je tudi granulat pod oznako A13), ki pomenita nov
mozni artikel v Cometu, ZreCe. Vzporedno z razvojem
granulata so se razvijali tudi bati za visokotlaéno ¢rpalko
v Iskri AET, Tolmin, za znanega kupca.

Podrocje implementacije rezultatov:

Razvoj nove vrste granulata za izostatsko stiskanje v
Cometu pomeni poleg trznega ucinka tudi obogatitev
strokovnega znanja pri pripravi keramiénih granulatov in
s tem tudi nujno prilagodijivost proizvodniji. V Iskri AET
je bil razvit prviizdelek iz potencialno zelo Siroke druzine
izdelkov podobnih karakteristik.

Trzni (ekonomski) ucinki:

Trzenje izdelka (bat za visokotlatno &rpalko) je $e v
zaCetni fazi, prav tako pa tudi granulat, razvit za ta
izdelek. Osnovni problem pri hitrejSem trzenju so eko-
nomske tezave in dokaj dolgi razvojni ciklus (predvsem
koncno testiranje pri kupcu), ki se zakljucijo s prvimi
dobavami in podpisom pogodb.

Naslov: Razvoj visokoenergijskih magnetov na
oshovi Sm(Co,Fe,Cu,Zr)7.s

Narocnik projekta: Iskra Magneti p.o., Ljubljana
Vodja projekta: dr. Spomenka Kobe-Besenigar,
Institut "Jozef Stefan”, Ljubljana

Izvajalec projekta: Institut "JoZef Stefan",
Ljubljana; Iskra Magneti, Ljubljana

Trajanje projekta: januar 1991 - december 1992
Delez sredstev MZT: 3.256.797,00 SIT

Rezuitati projekta:

Konkreten rezultat projekta je v laboratoriju razvita teh-
nologija izdelave magnetov na osnovi zlitine
Sm(Co,Fe,Cu,Zr)7s, ki je bila uspedno prenedena v
proizvodnjo. Vzorci, izdelani v proizvodniji, so si Ze pri-
dobili potrdilo o kakovosti. To potrdilo je osnova za vedja
narocila. Vzorci za tovarno motorjev Faulhaber (Svica),
ki po kakovosti tudi dosegajo zahtevane lastnosti pa so
Se v fazi pridobivanja certifikata o kakovosti.

Na osnovi rezultatov projekta je bila vpeljana nova mod-
erna tehnologija izdelave trajno magnetnih materialov
novej$e generacije, kar pomeni modernizacijo proizvod-
nega programa tovarne kovinskih magnetov iskra Mag-
neti in s tem tudi ohranitev zahodnoevropskega trga.
Vpeljava te tehnologije pomeni dopolnitev dosedanjega
proizvodnega programa na podroéju intermetalnih zlitin
samarija in kobalta, kjer so ze razvili in uspe3no prenesli
v proizvodnjo tehnologijo izdelave SmCos magnetov.

Podrocje implementacije rezultatov:

Magnetni materiali novejSe generacije so trajni magnet-
ni materiali, ki se uporabljajo v proizvodnii elektromotor-
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jev, akcelerometrov, klistronov itd., torej predvsem tam,
Kjer je potrebna velika temperaturna stabilnost magnet-
nih lastnosti. Zaradi nizje cene surovin zlitine
Sm(Co,Fe,Cu,Zr)7.s od SmCos zlitine, pa se ti magneti
uporabljajo tudi tam, kjer zahteve po temperaturni sta-
bilnosti niso tako visoke.

Trzni (ekonomski) ucinki:

Trzni udinki e niso znani, jih je pa mogo&e predvideti v
okviru dosedanjih ucinkov pri prodaji SmCos magnetov
na tujemin delno domacem trgu.

Naslov: Oplemenitenje povrsin s PVD trdimi
previekami 5
Naroé&niki projekta: Iskra Avtoelektrika, Sempeter
pri Gorici; Iskra Elektromotorji, Zelezniki; Saturnus,
Ljubljana

Vodja projekta: prof. dr. Boris Navinsek, Institut
"Jozef Stefan", Ljubljana

Izvajalci projekta: Institut "JoZef Stefan"; Fakulte-
ta za strojnistvo; LE.V.T., Ljubljana

Trajanje projetka: januar 1991 - december 1993
DeleZ sredstev MZT: 3.163.167,00 SIT

Rezultati projekta:

a) Z razvojem nove tehnologije - trde previeke kromove-
ga nitrida (CrN) so resili problem oplemenitenja vseh
vrst orodij in strojnih delov, ki prenesejo temperaturo
nanadanja do 220°C. Te nekaj um debele zascitne
previeke z visoko mikrotrdoto so izredno odporne proti
obrabi, koroziji v vseh medijih ter oksidaciji do tempera-
ture okolice do 800°C. Previeke CrN so posebno
primerne za oplemenitenje orodij za rezanje in preobli-
kovanje bakra, aluminija, niklja in titana ter superzlitin
(pri katerih TiN previeka odpove). Zaradi visoke tem-
peraturne obstojnosti so CrN previeke namenjene
predvsem izbolj$anju kokil za tlacno litje aluminija in
Al-zlitin (npr. v proizvodnii elektromotorjevin tehnoloskih
komponent). Prvi uspesen poskus uporabe nove CrN
previeke je bil narejen v tovarni svetil Sijaj v Hrastniku
(orodje za hladno vieéenje Fe plocevine, izdelano iz
orodnega jekla OCR 12). Drugi testi se Se analizirajo.

b) V okviru raziskav novih podrodij uporabe TiN tehno-
logije trdih previek (JOSTiNR) je bila izdelana ekonom-
ska analiza 5- letne uporabe. Pokazala je njene pred-
nosti za serijsko proizvodnjo v slovenski strojno-pre-
delovalni, elektro in lesni industriji. V letu 1992 so siste-
matiéno testirali uporabo JOSTINR tehnologije za Stevil-
na specialna orodja in strojne dele, ki so v serijski
proizvodniji podvrzeni mo¢ni obrabi (npr. v Zivilski indus-
triji). Njihovo tehnologijo stalno uporablja 28 slovenskih
tovarn in tovarna FLUID-TEC iz Milana, kar pomeni
zaCetek prodora teh tehnologiL in visokokvalitetnih
orodij, oplemenitenih z JOSTIN™ previeko, v prostor
Alpe-Adrija. TiN previeka ima zlato barvo, mikrotrdoto
2000 HV ter visoko korozijsko in obrabno odpornost.
Zato so JOSTINF previeko inovacijsko uporabili tudi kot
dekorativno previeko, ki bo v proizvodnji nadomestila
trdo zlatenje (npr. pri posodi EMOTON v Celju) ali
vedslojno zasgito pri ohisjih halogenskih svetil (npr., V
Sijaju, Hrastnik). Vsi testi so bili nadvse uspesni, za
serijsko uporabo pa je potrebna $e ekonomska analiza,
ocena trzidéa v tujini (kot izjemno kakovosten nov proiz-
vod) in seveda odloditev v tovarnah.

c) Za potrebe industrije so v letu 1992 razvili novo vrsto
2-5 pmdebelih ultratrdih prevlek iz zirkonijevega nitrida
(ZrN) z mikrotrdoto prek 3200 HV. Poleg izjemno visoke
mikrotrdote pa ima ZrN prevleka tudi visoko obrabno,
oksidacijsko in korozijsko odpornost. Prav te lastnosti pa
so potrebne za oplemenitenje delov, ki so podvrZeni
visoki eroziji na delovnih povrsinah pri proizvodniji ali
uporabi tekstilnih viaken.

Podrogje implementacije rezultatov in trZni ucinki

Uspeh tegatehnologko-razvojnega projekta je mozen le
ob najtesnej$em sodelovanju med izvajalskimi instituci-
jami in industrijo, saj vse teste izvajajo neposredno na
strojih v serijski proizvodniji. 8-letne izkuénLe kazejo, da
je ekonomski ucinek izmerljiv. Za JOSTIN™ tehnologijo
velja, dastrosek npr. 100.000 SIT za depozicijo previeke
prinese uporabniku vsaj 650.000 SIT prihranka pri
strodkih proizvodnje. Pri tem pa te vrste tehnologij lahko
uporabljajo vsi, od obrtnika do velikoserijske proizvodn-
je.

Only Austrian Independent Semiconductor Manufacturer Leads
Top Position for First Half 1993

Austria Mikro System International AG (AMS), the only
Austrian IC manufacturer and listed on the Vienna Stock
Exchange and the SEAQin London since July 12, 1993,
has further strengthened its top position with its innova-
tive products and services in the semiconductor market
within the last half year. AMS is leading in the European
market: No. 1 in the field of cell based mixed anal-
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oge/digital ASICs (application specific integrated cir-
cuits).

AMS has again increased its order entry in the first half
of 1993 from 393 million ATS (first half of 1992) to
approximately 514 million ATS (31% Increase!). A
sales increase from 346 million ATS (first half of 1992)
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to 359 million ATS and a raise in earnings of far more
than 10% relative to the same period of the last year
could be achieved. Noteworthy is the fact that the ac-
complishment of this strong increase in business was
realized with basically an unchanged employee count of
586. The high Investments of 63 million ATS (19% of
sales inthe first half of 1993, anincrease of 46% relative
to 1992, will largely contribute towards the effectivity of
the company in regards to the high order entry. Due to
the extremely good course of the business an increase
in the order entry for the year 1993 of 20% (more than
forecast at the beginning of 1993) is now expected; thus,
AMS will go into the year 1994 with a distinctly higher
backlog.

Mr. Horst Gebert, President and CEQ of AMS: "The
ceaseless miniaturization of complex systems requires
an increasing integration of high complexity which can
only be achieved through microelectronics. The ASIC
has its key function in this development. And, for the
ASIC’s development and production AMS has syste-
matically generated the necessary intellectual capital
and investments in the past years to further maintain its
leading role in this prime function. Therefore, the de-
mand for high quality ASICs from AMS will continue for
the second half of 1993."

New 20 Number One Touch Dialler with Serial Bus for Display
Driver

AMS announces the immediate availability of a com-
pletely new ASIC for the telecommunications market -
the AS2574B, a 20 number one touch dialler with a serial
bus for a display driver circuit. The AS2574B is an
integrated circuit in CMOS technology for feature tele-
phones.

The device which operates from 2.5V to 5.5V is a
versatile LD/MF dialler with a serial interface to a display
driver. The device is designed to be used in a wide

variety of applications in handsets together with the AMS
display driver AS2590.

The on-chip RAM can contain up to 20 memories, each
with a maximum of 18 digits, a 36 digit Last Number
Redial (LNR) and an 18 digit notepad. Access to the 20
memories is either with direct keys, abbreviated dial
code or a combination of both.

The AS2574B provides a unique feature, referred to as
Automatic Call Progress (ACP) on all memory keys, i.e.
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the circuit automatically seizes the line and waits for the
dial tone and dials the number just by pressing any of
the memory keys (including LNR).

The circuit features two different access code proce-
dures to allow easy use under a PABX. A dial tone input
enables the use of a dial tone recognizer. Additional
features include: Diode options for different PTT require-
ments, automatic pause generation after access code
and direct wake-up from the keyboard.

The device is now available in 28 pin DIP or PLCC
packages. For a free data sheet and further information
please contact your local AMS Sales Office or AMS

Corporate Communications, Schloss Premstétten, A-
8141 Unterpremstétten, Austria.

Note to the Editor: Direct wake-up is an AMS patented
solution providing line seizing with a telephone that is
entirely powered by the telephone line. This is achieved
by pressing a key in a key matrix linked to a dialler/con-
troller that is constantly connected to the line by means
of a line voltage limiter which maintains a high DC
isolation resistance in idle state (on-hook).

The wake-up feature allows the user to go off-hook by
pressing a direct memory key or a loudspeaker key - so
called on-hook dialling or call progress monitoring - and
thereby to seize the line.
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NAVODILA AVTORJEM

Informacije MIDEM je znanstveno-strokovno-dru-
$tvena publikacija Strokovnega drustva za
mikroelektroniko, elektronske sestavne dele in
materiale-MIDEM. Casopis objavja prispevke do-
maci in wjih avtorjev, 8e posebej clanov MIDEM,
s podrogja mikroelektronike, elektronskih sestav-
nih delov in materialov, ki so lahko:

izvimi znanstveni &anki, predhodna sporodila,
pregledni Elanki, razprave z znanstvenih in stro-
kovnih posvetovanj in strokovni &lanki.

Clanki bodo recenzirani.

Casopis objavija tudi novice iz stroke, vesti iz de-
lovnih organizacij, intitutov in fakultet, obvestila o
akcijah drustva MIDEM in njegovih &lanov ter
druge relevantne prispevke.

Strokovni prispevki morajo biti pripravijeni na na-

slednji nacin

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

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

- 3. Naslov dela v angles¢ini.

- 4. Kiju¢ne besede v angles¢ini (Key wor-
ds) in podaljSani povzetek (Extended Ab-
stract) v anglesgini.

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

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

Ostala splo$na navodila

1.V élanku je potrebno uporabljati Sl sistem enot
o0z. v oklepaju navest altemativne enote.

2. Risbe je potrebno izdelati s tuSem na pavs ali
belem papinju. Sirina risb naj bo do 7.5 0z. 15 cm.
Vsaka risba, tabela ali fotografija naj ima $tevilko
in podnapis, ki oznaduje njeno vsebino. Risb, tabel
in fotografij ni potrebno lepiti med tekst, ampak jih
je potrebno lodeno priloZiti Slanku. V tekstu je po-
trebno oznaditi mesto, Kjer jih je potrebno vstaviti.

3. Delo je lahko napisano in bo objavijeno v ka-
teremkoli jugoslovanskem jeziku v latinici in v an-
gles&ini.

Uredniski odbor ne bo sprejel strokovnih &lankov,
ki ne bodo poslani v dveh izvodih.

Avtorji, ki pripravijajo besedilo v urejevainikih
besedi, lahko posijejo zapis datoteke na disketi
(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 solahko
v formatu HPL, SLD (AutoCAD), PCX ali
IMG/GEM.

Avtorji so v celoti odgovomi za vsebino objav-
lienega sestavka. Rokopisov ne vratamo.

Rokopise posiljite na naslov

Urednistvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana

UPUTE AUTORIMA

Informacije MIDEM je znanstveno-struéno-drus-

tvena publikacija Struénog drustva za mikroelek-

troniku, elekronske sestavne dijelove i materijale

- MIDEM. Casopis objavijuje priloge domacih i

stranih autora, narocito dlanova MIDEM, s podru-

¢ja mikroelektronike, elektronskih sastavnih dije-

lova in materijala koji mogu biti:

izvomi znanstveni &lanci, predhodna priopéenja,

pregledni ¢&lanci, izlaganja sa znanstvenih i

strucnih skupova i struéni danci.

Clanci ée biti recenzirani.

Casopis takoder objavijuje novost iz struke, oba-

vijesti iz radnih organizacija, instituta i fakulteta,

obavijesti o akcijama drustva MIDEM i njegovih

¢lanovai druge relevantne obavijesti.

Struéni danci moraju biti pripremljeni kako slijedi

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

- 2 Kijuéne rijedi i saZetak (najviSe 250
rijeci).

- 3. Naslov ¢lanka na engleskom jeziku.

- 4. Klju¢ne rije¢i na engleskom jezikp
(3Key Words) i produZeni saZetak (Ex-
tended Abstract) na engleskom jeziku.

- 5.Uvod, glavnidio, zakljuéni dio, zahvale,
dodacdii literatura.

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

Ostale opste upute

1. U prilogu treba upotrebljavati Sl sistem jedinica
od. u zagradi navesti altemativne jedinice.

2. CrteZe treba izraditi tuSem na pausu ifi bijelom
papiru. Sirina crteza neka bude do 7.5 odnosno
15 cm. Svaki crtez, tablica ili fotografija treba imati
broj i naziv koji oznaéuje njen sadréaj. CrteZe,
tabele i fotografije nije potrebno lijepiti u tekst, veé
ih priloZiti odvojeno, a u tekstu samo naznaditi
mjesto gdje dolaze.

3. Rad mozZe biti pisan i biti ¢e objavljen na bilo
kojem od jugosiavenskih jezika u latinici i na en-
gleskom jeziku.

Autori mogu poslati radove na disketama (360 ili
1,2) u formatima tekst procesora ASCII, wordstar
(3.4. 1 4.0), word, wordperfect posto ée biti tekst
dalje obraden u Venturi 2.0. Grafitke datoteke
mogu biti u formatu HPL, SLD (AutoCAD), PCXili
IMG/GEM.

Urednicki odbor ée odbiti sve radove koji nede bit
poslani u dva primjerka,

Za sadrZaj ¢lanaka autori odgovaraju u potpu-
nosti. Rukopisi se na vraéaju.

Rukopise $aljite na adresu:

Urednistvo Informacije MIDEM
Elektrotehni¢na zveza Slovenije
Dunajska 10, 61000 Ljubljana
Slovenija
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INFORMATION FOR
CONTRIBUTORS

Informacije MIDEM is professional-scientific-so-
cial publication of Professional Society for Micro-
electronics, Electronic Components and Materi-
als. In the Joumal contributions of domestic and
foreign authors, especially members of MIDEM,
are published covering field of microelectronics,
electronic components and materials. These con-
tributions may be:

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

All manuscripts are subject to reviews.

Scientific news, news from the companies, inst-
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.Key Words 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. Authors should use Si units and provide alter-
native units in parentheses wherever necessary.

2. lllustrations should be in black on white or trac-
ing paper. Their width should be up to 7.5 or 16
cm. Each illustration, table or photograph should
be numbered and with legend added. lllustrations,
tables and photografphs are not to be placed into
the text but added separatelly. Hower, their posi-
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4 Scznama v tujih jezikih
4.1 Abccedni seznam izrazov v angleskem jeziku
A Diode, controlled avalanche rectifier 2.2.12
Diode, photo 2,2.8
Alloyed junction 2.1.8 Diode, semiconductor 2.2.2
Avalanche breakdown (of semiconductor PN jun~  Diode, semiconductor rectifier 2.2.5
ction) 2.1.16 Diode, signal 2.2.9
Avalanche rectifier diode 2.2.11 Diode, tunnel 2.2.7
Avalanche rectifier diode, controlled 2.2.12 Diode, unitunne! 2.2.10
Avalanche voltage 2.1.17 Diode, voltage reference 2.2.3
Diode, voltage regulator 2.2.4
B ' Direction (of a PN junction), forward 2.3.3

Direction (of a PN junction) reverse 2.3.4
Backward diode 2.2.10
Bipolar transistor 2.2.14 E
Breakdown (of a reversebiased PN junction) 2.1.15
Breakdown (of a ssmiconductor PN junction), ava- Effect, Hall 2.1.23

lanche 2.1.16 Effect, photo-electric 2.1.25

Breakdown {of a semiconductor PN junction), ther- Effect, photovoltaic 2.1.26

mal 2.1.18 Effect, tunncel 2.1.21

Breakdown (of a ssmiconductor PN junction), Ze-  Electrode (of a semiconductor device) 2.3.2
ner 2.1.19 Equivalent thermal network 2.4.6
Breakdown voltage 2.4.3 Equivalent thermal network capacitance 2.4.7

Equivalent thermal network resistance 2.4.8

C Extrincic semiconductor 2.1.2

Capacitance, equivalent thermal network 2.4.7
Capacitance, (of a semiconductor device), ther-
mal 245

Carrier 2.1.11

Carrier (in a semiconductor region), majority 2.1.12

Field-effect transistor 2.2.16
Floating voltage 2.4.2

Y ) ] R Forward direction (of a PN junction) 2.3.3
Carrier (in a semiconductor region), minority 2.1.13

Case temperature 2.5.1

Cell, photoconductive 2.2.19 G

Cell, photovoltaic 2.2.20

Charge carrier (carrier) 2.1.11 Grown junction 2.1.10
Constant, Hall 2.1.24

Controlled avalanche rectifier diode 2.2.12 H

Cut-off frequency 2.6.1

Hall coefficient (of a semiconductor) 2.1.24
D Hall constant 2.1.24

Halleffect 2.1.23

Depletion layer 2.1.14

Device, semiconductor 221 1
Diffused junction 2.1.9
Diode, avalanche rectifier 2218 Impedance, ansient thermal .49

Diode, backward 2.2.10 Impedance under pulse conditions, thermal 2.4.10

TERMINOLOSKI STANDARDI
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K
Karakteristike 2.6

Krmiljena plazovna usmerjalna dioda 2.2.12

L

Legirani spoj 2.1.8

M

Manjsinski nosilec (v polprevodniskem podrocju)
2,113
Mejna frekvenca 2.6.1

N

Napctost plazovnega preboja
Necistotni polprevodnik 2.1.
Nosilec clektrine 2.1.11

o g

0]

Osiromadeni sloj 2.1.14

p

Plazovna usmerjalna dioda 2.2.11

Plazovni preboj 2.1.16

PN-spoj 2.1.7

Poljski transistor 2.2.16

Polprevodnik 2.1.1

Polprevodnik tipal 2.1.5

Polprevodnik tipaN 2.1.3

Polprevodnik tipaP 2.1.4
Polprevodniskadioda 2.2.2

Polprevodniska komponenta 2.2.1
Polprevodniska usmerjalna dioda 2.2.5
Polprevodnigki element 2.2.1

Polprevodniski usmerjalni stavek 2.2.6
Preboj (inverzno polariziranega PN-spoja) 2.1.15
Prebejna napetost 2.4.3

Prehodna toplotnaimpedanca 2.4.9
Prepustna smer (PN-spoja) 2.3.3

Prikljucek (polprevodniskega elementa) 2.3.1

R

Refcrcnénu dioda 223

231

S

Sclenski omejevalnik prenapetosti 2.2.21
Signalna dioda 2.2.9

Splogniizrazi 2.3

Splosni izrazi in definicije 2

Spoj 2.1.6

Stabilizacijska dioda 2.2.4

T

Temperature 2.5

Temperatura okrova 2.5.1

Temperatura skladidcenja 2.5.2

Temperaturni razbremenitveni faktor 2.5.3

Termicni preboj (polprevodnidkega PN-spoja) 2.1.18
Tiristor 2.2.18

Toplotna hmpedanca pri impulznem obratovanju 2.4.1C
Toplotna kapaciteta (polpievodniskega clementa) 2.4.5
Toplotna upornost (polprevodniskega clementa) 2.4.4
Transistor 2.2.13

Transistor na poljski pojav 2.2.16

Tuneclska dioda 2.2.7

Tunelski pojav 2.1.21

Tunelski proces (v PN-spoju) 2.1.22

U

Unipolarni transistor 2.2.15
Unitunelska dioda 2.2.10;

A

Vetinski nosilec (v polprevodniskem podrodju) 2.1.12
Virtualna temperatura 2.5.4

Vle&eni spoj 2.1.10

Vriste elementov 2.2

z

Zaporna napetost 2.4.1
Zaporna smer (PN-spoja) 2.3.4
Zenerska napetost 2,120

Zenerski preboj (polprevodniskega PN-spoja) 2.1.19
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Tupuctop 2.2.18

Torwnmcka umiteanca 3a umnysicia crpyja 2.4.10
TorunHeka umnenanca, npeojita 2.4.9
Tonicka KANAIMTHBHOCT, cKBHBaneinia 2.4.7
Toruucka KanatMBROCT (12 NONYN POBOMHAYKY
ejiement) 2.4.5

Torvtniicka omophoct, ekpupanenta 2.4.8
Torncka omopHocT (12 NOAYITPOBOAHIUKIL €SI~
ment) 2.4.4

Tomwuneka wema, eksusanentia 2.4.6
Tommmicku GaKIOop Ha HAMATYBAILE HA TPAHIYHAT
MOKIOCT Ha fitennawja 2.£3

Tpanaucrop 2.2.13

Tp:uhucr()p, bunonapen 2.2.14

Tparaucrop, nones 2.2.16

Tpauaucrop, yiunonaped 2.2.15

Tpanaucrop, doro 2.2.17

Tyuen—moma 2.2.7

Tyuenupase, edext 2.1.21

Tynenupawe (i3 PN—cmoj) 2.1.22

K

Kemga, potonanoncka 2.2.20
Kenuja, dotorrposonya 2.2.19

Abecedni seznam izrazov u slovenskem jeziku

B

Bipolami transistor 2.2.14

D

Difuzijski spoj 2.1.9
Drsna napetost 2.4.2

E
Ekvivalentna toplotna kapaciteta 2.4.7
Ekvivalentna toplotna upornost 2.4.8

Ekvivalentno toplotno vezje 2.4.6
Elektroda (polprevodniskega elementa) 2.3.2

F

Fizikalni izrazi 2%
Fotodioda 2.2.8

232

Yinonapex tpanaucrop 2.2.15

d

BaKkTop Ha HAMANYB AE Ha [PAHIHATA MOKHOCT HA [LHCH-
nauuja, ronmuHciae 2.5.3

doro—nmirona 2.2.8

®otocnekTpirien edpext 2.1.25

doronanoticka kemja 2.2.20

dotonanouckn eperr 2.1.26

doronposona Kennja 2.2.19

Doro—tpanaucrop 2.2.17

Opexperuja, rpaina 2.6.1

X

Xonos edexr 2.1.23
Xonon koeduunenr 2.1.24

i}

lllema, exsuBaientna tonmimeka 2.4.6

Fotoelektriéni pojav 2.1.25

Fotonapetostni pojav 2.1.26
Fotoprevodna celica 2.2.19
Fototransistor 2.2.17

H

Hallov koeficient (polprevodnika) 2.1.24
Hallov pojav 2.1.23

I
loverzna mapetosy 2.4.0
Inverzna smer (PN-spojay 1.3.4

frrazs 23 mcpree wne dmorsts o Lazaktenstike 2.4
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K i
KAnaus ims0Cs, eKBMPANCHTIA TOMICKa 20 T Maawen mpaneciop 2.2.16
Kaomuermssocr (Ha NOIYUPOBOIMHUKI enewenT), Bomymposommx 2.1.1
Torutncka 245 Honyuposoguix o [-nin 2.1.5
Koedsuutent (na DOy ponoiunk) Xonon 2,104 Honyuposopmk ot N1 2,13
Kysuure, Temnepatypa 2.5.] Honynpovomunk o P-1n 2.1 .4
Nonynposonumk, npusecen 2.1.2

)| [Tonynposopunuxa guoza 2.2.2

. IMonynpopopxuyuki Hacouy rauka ona 2.2.5
Jagwnexs nanon 2.1.17 Monmynposontuuku enemenr 2.2.1
Jlanuncku npobus (na nomyn posofuuki PN-croj) NMonynposoptuuky nacoyypaur 5ok 2.2.6
2.1.16 [Tpemun (crioj) 2.1.6
Jlebpeuxn nanoun 2.4.2 Ilpeopma rormmmcka umnesianca 2.4.9
Jlentpan anoj 2.1.8 Npmiatyyok (ha n(mynpoaomx;mxn-cnemcur) 2.3.1

Ipusecen nonynponojuik 2,12
H IpoGusen nanon 2.4.3
ITpoSus (12 musepuito nonapwuinpan PN--cnoj) 2.1.15

Hanon, 3enepon 2.1.20 lIpobus (na nonyuposommisiiar PN ~ci10j), 3enepon
Hatton, sunepaen 2.4.1 2.1.19

Hanow, nagmicrat 2.1.17 ITpobun (Ha nonyn poBoitikn PN -c110j), naniickn
Hanou, nebreurn 2.4.2 2.1.16

Haron, npoGusen 2.4.3 Hpobun (na nonynponomtuxis PN- cioj), Tonmmickn
Hacoxa (na PN—noj), nupexnia 2.3.3 2.1.18

Hacoka (na PN—cnoj), mupepaa 2.3.4 ’
Hacouysauxa guopua, HONyn poBofHiKa 2.2.5

C
HECO‘I)’BQ‘{KQ U103 CO KOHTPONMHPAH JIABHHCKH 1po-

§)1B 22.12 ’

Cenenck opBoguMK Ha npenanom 2.2.2
Hacouypauxa pyona co nassumcrs npobup 2.2.11

Crwriaia mona 2.2.9

Hacouynaukit 6noxk, nomynposonumikn 2.2.6
Cxnaampabe, Temucpatypa 2.5.2

Hocuten 2.2.11

Hocurrens (8o Hexoja obnact Ha nomynposogikor),

oaioBHK 2.1.12

Hocutenn (8o Hekoja o5nact na nOMynposopiuKoT),

Cnoj, ocupomaien 2.1.14
Cnoj, mdynmmpan 2.1.9
Cnoj, wosnexysan 2.1.10
Cnoj, nempan 2.1.8
Cnoj, PN 2.1.7

Cnoj (npemn) 2.1.6

ciopenny 2.1.13

Hocuren (ma enexaprustrer) 2.1.11

Cuoperm nocrienst (o Hekoja obnact na HONYNPOBO-

Y nunkonY 2.1.13

Onsontuk na npenattonst, cenenckn 2.2.21 T
Ocupouaen cnoj 2.1.14

Ocnoniu nocutenu (80 nekoja obnact wa HoNyHpoBO-
. Temneparypa, Bupryenna 2.5.4
nimxor) 2.1 12

Temnepartypa, srarpeunta exsupanenia 2.5 .4

Omioproct, enpstpaneltia Tonsmicka 2.4.8 i "
Tesuepatypa na kyfnrero 2.5

Ormnopnoct (1a nomyn ponomiikn estement), TOMH -
P ( mipe Temneparypa na cxngpase 2,52

cka 2.4.4
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3.3

Tranzistor, foto 2.2.17
Tranzistor s cfektom polja 2.2.16
Tranzistor, unipolami 2.2.15
Tuneliranje (kroz PN-spoj} 2.1.22
Tuneclska dioda 2.2.7

Tunelski efekt 2.1.21

U

Unipolarni tranzistor 2.2.15
Unutradnja nadomjesna temperatura (virtualna tem-

bcralura) 254

Azbuéni seznam izrazov v makedonskem jeziku

b

Becnpumecen nomynposoguuk 2.1.5
Bunonapen tpanmcrop 2.2.14

B

BupTyé.rma Temrepatypa 2.5.4
Buarpeunia ekBiBanenTHa TeMiieparypa 2.5.4

r

['paHiura MOKHOCT Ha QHCITIALM], TOTUTHHCKH
¢akTop + Ha HamanyBaibe 2.5.3
[pannuna gppexpenipga 2.60.1

a

Huopa, enquorynemma 2.2.10

Ilnona 3a pedepenten Hanon 2.2.3

Jliona 3a crabiunsausja Ha Hantow 22.4

Jlnopa, nonyuposoirika 2.2.2

Huosa, cranania 229

J1o/a o KOUTpOMHpa JIaBHUCKH NpODIR, 11acoyBa -

uka 2.2.12
Jliona co naguuckit npoun, Hacoyypauka 2.2.11

Jluona, ywen 2.2.7
Huona, do1o 2.2.8
Jupexiia uacoxa (na PN--aop) 233

Idyrgmpat cnoj 2,49

234

Uskladistenje, temperatura 2.5.2

v

Vedinski nosioci (u nekom podrugju poluvodica) 2.1.12
Virtuaina temperatura (unutrasnja, nadomjesna tempe-
ratura) 2.5.4

VA

Zaporni (inverzni) smjer PN—spoja 2.3.4
Zenetov napon 2.1.20
Zenerov proboj (poluvodi¢kog PN—spoja) 2.1.19

E

Ennorynenna moga 2.2.10

Expipanciia Temiieparypa, BHatpeuna 2.5.4
EKkBHBaneHTHA TOIIHMHCKA Kantawiisrocr 2.4.7
ExpuaicHina TolUngicka omopuocr 2.4.8
Erxpisanenma ronsimeka wema 2.4.6
Enexrpona (1a 107y pOBOIHHY KM eeMenT) 2.3.2
Enesent, nonynposoatuiku 2.2.1

Edexr va ynemtpare 2.1.21

Edext, potoenexrputen 2.1.25

Egexr, doronanoncku 2.1.26

Edewt, Xonop 2.1.23

3eneposn nanton 2.1.20

3cuepon npobus (Ha nonynpoponuiiki PN—a1oj)
2.1.19

U

Mssnexypan aroj 2.1.10

Hamesanea sa waaynata cmpyja, rounsieka 2.4.10
Hatenaica, npeojtia ronmaicka 2.4.9

Hunepien nanon 2.4.1

Hupepwma nacoka (Ma PN—cnoj) 2.3.4



