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Abstract. This paper presents the concept and modern technological approach to the fabrication of discrete, integrated and integral micropa:
sives. The role of these components in modern electronic circuits is discussed too. The material, technological and constructional solution
and their relation with electrical and stability properties are analyzed in details for linear and nonlinear microresistors made and characterize
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1. Introduction — general characterization — On-chip passives — passive components that are fabricated
of modern passives along with the active ICs as a part of semiconductor wafer.

Electronic devices, components, circuits and systems continue The requirements for passives are dependent on type of cir-
to become faster, smaller, lighter and cheaper. In general thgits. For example, digital circuits include decoupling capaci-
progress in microelectronics is understood as an increasetgfs (0.01-0.11F), timing capacitors (10-100 pF), terminating
number of transistors and the reduction of characteristic diesistors (20—-100), pull up/down resistors (1-30K and fil-
mension of integrated circuits. But proper functionality ofer resistors (1 — 10 K1).
modern electronic circuits demands both active devices and The average linear dimension of passives was decreased
passives (primarily resistors, capacitors and inductors, but alggice during recent twenty years (Fig. 1). But this is much
nonlinear resistors — thermistors and varistors, potentiomgess than changes of characteristic dimension and complexity
ters, transformers, filters, fuses, mechanical switches and eleg-integrated circuits. This is one of the basic reasons why
tromechanical relays). the ratio between passives and active devices is increased al-
The concept of passive components is very simple and theyost all the time (Table 1). However further miniaturization of
are inexpensive in a mass production. But abolt I pas- passives reaches the equipment barrier — for example modern
sives are used by electronic industry every year and the wofick-and-place machines are not adjusted for accurate place-
wide market in this segment is equal to about 25 milliard of Usent of 0201 (2.51.25 mn#) and 01005 components. There-

dollars. Similarly as other areas of electronics the passives Uare an old idea of planar arrays and networks was reanimated.
dergo deep transformations. Around 1980‘s the through-hole
packaging moved towards surface mount technology (SMT). 1980 1990 2000 2010

Wirewound components were replaced gradually but rapidly
by surface mount ones and about 80% passives is SMT adapte
at present. According to the classification of National Elec- - -

Fronlcs Man.ufacturlng !n|t|at|ve (N EI\'/II). from USA the follow- 1206 0305 0603 0402
ing generation of passives can be distinguished [1-5]:

. . . Fig. 1. Dominant package size for SMT passive components
— Discrete$ — traditional single purpose surface mount or

through-hole passives.

— Arrays — multiple passive components with identical func- Table 1
tion in a single SMT case. Number of passives on PC motherboards (after Ref.1, based on
— Networks — multiple passive components of more than one NEMI 2000 Roadmap)
function in a single SMT case, l_JguaIIy 4 tq 12 elem_ents. Processor Number of passives
— Integrated — a package containing multiple passive ele- 486 165
ments of more than one function and possibly a few active Pentium. 120 MHz 369
elements in a single SMT or Chip Scale Package (CSP). Pentium, 200 MHz 503
— Integral — passives either embedded in or incorporated on Pentium II, 330 MHz 1473
the surface of an interconnecting substrate. Pentium Ill 2195

*e-mail: andrzej.dziedzic@pwr.wroc.pl
1The classification and terminology used in this paper is based on classification of National Electronics Manufacturing Initiative (NEMI), USA
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A. Dziedzic

It is worth to notice that four 0603 capacitors, together witlgrated and integral passives, this is about their fabrication as
solder pads and technological margins, need 17.5 mmea. well as physicochemical, electrical and stability properties one
But array of 4 identical capacitors placed in one 1206 ceram@an find in [2—-4] and references therein. This paper concen-
structure needs only 7.75 ninof printed circuit board area. trates on activity of Faculty of Microsystem Electronics and
Moreover, considering the necessary technological margirBhotonics, Wroctaw University of Technology in the area of
the contribution of area (volume) of active layer in relatiorpassives, especially linear and nonlinear resistors.

to nominal device dimensions is decreased for smaller pack-

ages. For example this is 43% in 1206 multilayer ceramic c&. Microresistors

pacitors and only 19% in 0402 ones. Smaller area is not ﬂ}e.l. Fabrication and geometrical properties. Most of re-

only advantage of passive arrays and networks. In comparisoi o . : .

2 . S|ators made in microelectronic technologies have very simple
with discrete surface mount components they are characterize ) L :

o . construction — planar resistive layers are deposited onto sub-

by smaller serial inductance and better frequency behawourgts

well as lower assemblv cost and hiaher circuit reliabilit rates used in thin- or thick-film technology or on inner/outer
. . y costand hig . - ayers applied in the case of MCM-C, MCM-D or MCM-L
The integration of passives is the best solution for very hig . . ; ) . :
Lo : “technologies (Fig. 2). Except of this classical solution we in-
component density with increased electrical performance, im-_"_. ' . .
o . . vestigated novel configuration of passive components, espe-
proved reliability, reduced size and weight as well as lower. ! :
ially recommended for Low Temperature Cofired Ceramics

cost. This process causes reduction or elimination of discre . .
. CC) technology [9]. So far the vias were filled by conduc-
SMT components and the same reduction of overall part cou : ) . .
tive material and were used as interlayer connections in mul-

elimination of solder joints, improvement of wireability and.. - . .
: L - tilayer circuits. Open vias were also applied for the change
frequency behaviour due to elimination of parasitic inductance L . . .
f thermal conductivity/insulation. In our solution (Fig. 3)

The above advan'Fages are possible thanks to multichip mOdl\Jn%s were filled by resistor, thermistor or varistor inks and after
(MCM) technologies [6-8].

. . . lamination and firing the microvolume resistors, thermistors or
Multichip modules (MCM) are an extension of hybrid tech- 9

| hich + a hiah kaging density th bvaristors were obtained, respectively. These components were
nology, which permit a higher packaging density than can b, ¢5)jed three-dimensional (3D) because, contrary to planar
assures by other approaches. The signal transmission line

: .%Bology, all their dimensions limited by via diameter and tape
MCM are placed at many levels and the ratio of bare VLS ClMhickness are comparable. One should remember that microre-

cuits’ area (mounted on MCM surface) to MCM area is greateg- L : ; .
o . istor means situation where all dimensions (length, width,
than 20%. Therefore MCM can transmit signals with fre; (leng

) _ ickness or diameter) are less than 1 mm.
quency higher than 100 MHz. There are three kinds of MC'\}P One part of our activity in the area of microresistors was
technology [1,5]:

connected with miniaturization of planar components, both on
— MCM-D, where interconnections are formed in a simila@lUMina substrate as well as infon LTCC substrateg. Different
manner as in thin-film circuits, i.e. by depositing alter-a_ttempts were m_ade. For_ example, t_he<625 ”.m2 microre-
nate layers of conductors and dielectrics onto an underl Istors were fabncate_d using photoprintable silver-based Fodel
ing substrate. nks as resistor ter_mlnatlon [10] whereasx&D0 um? were
— MCM-L, where multilayer structures are formed by lam-Made, wr_len the @stance bgtwegn electrodes was_creatgd by
ination of printed circuit board materials with etched Ioatjas;er cutting of dried con.ductlve fllms [11]. These microresis-
terns in copper foils and metallized vias. tors were mad_e on alumina. The distance between_ eIectrodes,
i.e. proper resistor length, was created by laser cutting of dried

— MCM-C, where multilayer structures are made by co o A :
firing of ceramic or glass/ceramic tapes, similar to thickconductive films. Next the resistive film was screen-printed

film process. This means that vias are punched in greéﬁigf 4). This means, that the fabrication procedure was very
tapes and then filled with conductive electronic paste. T milar to used in LTCC technology. Because of various be-

individual layers are screen-printed to create desired m aviour of cut films during firing, the real notch width was de-

allization patterns. Several such prepared tapes are larfEndent on conductor metallurgy. The spaces equal to 109, 120

nated at elevated temperature and then co-fired at prop%?d 96um fhs\éeAbeT recexle(:)for ?ﬂnl designed d!stelmce n
temperature to form a monolithic structure. the case o g-, Au- or Ag-based films, respectively.

Modern MCM substrates consist not only interconnections Electrodes
but also many integral (embedded) passives. In this manner N\ -
they fulfill the demands for the next generation of packagin
needs. For example, surface mount resistors and capacitots hrliCI‘oplzmlleDW'%
have inherent parasitics, due to their geometry. Perhaps th passive
most important is the parasitic inductance, which affects the Fired A )
high frequency behaviour and thus limits transmission speed. LTCC

Surface component Buried component

But integral passives significantly reduce the parasitics con-

nected with the current discrete passive packages. Much irg. 2. Schematic cross-section of surface and buried microplanar
formation about current situation in the area of discrete, inte- microelectronic resistor
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Modern micropassives: fabrication and electrical properties

Table 2
Basic electrical properties of standard resistors and microresistors with laser patterned gap as a function of kind of resistive ink, contact
metallurgy and screen density

Resistive Contact Screen Resistor 1.%0.3 mn?  Resistor 0.0&0.3 mn?
ink metallurgy density Ro (2/0) HTCR Ro (Q/0) HTCR
(mesh) (PPM/K) (PPM/K)
DP 8019 PdAg 400 238 +12 85 +2
DP 8019 Au 400 303 =21 179 +1
DP 8019 Ag 400 237 -9 121 -52
DP 8039 PdAg 400 25370 +7 5680 -153
DP 8039 Au 400 40230 -58 15760 -23
DP 8039 Ag 400 26280 +5 12810 -407
R 344 PdAg 200 11550 -10 5850 74
R 344 Au 200 11840 -18 5230 -50
R 344 Ag 200 13110 +13 11810 +71
Conventional screen printing permits to fabricate only 100 Table 3

um conductive lines and spaces in volume production. ThereDesigned length and width of LTCC and thick-film microresistors

fore the photoimageable thick-film technology is used in appli-
cations requiring high packaging density. Various photosensi-

Length wm)  Width (um)

tive conductor and dielectric inks are commercially available. 50 50
But such resistive compositions are only at the research and Structure A 100 100
development stage. The 1 kohm/sq. experimental Ro&sed 200 200
Fodel resistive ink from Du Pont and Ag-based DP 6453 Fodel

. . f .. . 50 50/100/200
conductor were used for microresistors* fabrication on alumina
as well as onto LTCC substrate (in this case both postfired and Structure B 100 50/100/200
cofired resistors were made) [12—-14]. The conductors were 200 50/100/200
made in full Fodel process whereas the resistors were screen- 400 50/100/200
printed or made in Fodel process. Two basic test structures (A 800 50/100/200
and B) were designed (Table 3).

Electrodes The microresistors on alumina were made in two differ-

ent fabrication procedures. In variant | conductor tracks were

made at the beginning (based of Fodel process) and next re-

\ '\Qlicrovqlume sistive layer were conventionally screen-printed through 325
passive ) ; ; it ; ;

components 1 } mesh stainless screen. In \{arlant Il reS|st|\{e f!lm was subjected

Fired to the Fodel process and fired at the beginning and then con-

, . ductor terminations were made in next Fodel process. Surface

Surface component LTcc Buried component . . .
resistors prepared according to variant | were made onto LTCC

Fig. 3. Schematic cross-section of buried and surface microvolunseibstrate. They were fabricated as postfired (resistor is screen-

resistor (especially recommended for LTCC technology)  printed onto previously laminated and fired LTCC substrate) or
cofired (resistor is screen-printed onto green ceramic tape and
then the whole structure is laminated and fired in the single
process) components.

The optical backlight microscope served for length and
width measurements (Fig. 5) whereas the laser profilometer
8 was used for three-dimensional characterization of investi-
gated components (Fig. 6). The length of resistors is depen-
dent on Fodel conductor behaviour. In general photosensitive
conductor materials exhibit shrinkage. Therefore the conduc-
tive tracks realized in Fodel technology have smaller widths
and larger spaces than designed. This leads to somewhat larger
length of microresistors in comparison with design (by about
. 20 to 40 micrometers). The average width of microresistors
: : A made in Fodel process is smaller than design pattern. The
Fig. 4. Microresistor with laser patterned and fired gap in thick-filnBame parameter for screen-printed ones exceeds designed one
conductor and screen-printed resistive film by about 20-5Qum. There are also noticeable differences in

Bull. Pol. Ac.: Tech. 54(1) 2006 11
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width of microresistors in dependence on substrate and fiof the microvolume. Vias were filled up again; after drying the
ing technology. Moreover the standard deviation for screemonductive tracks were screen-printed and structures were fired
printed structures is larger than for Fodel ones. Therefore tliig general at 850C). In case of LTCC structures vias were cut
actual aspect ratio (number of squares) does not agree with astwo laminated green tapes and filled by proper ink. Before
sumed one and the ratio between maximal and minimal nurfiring two additional bottom tapes were laminated to structure
ber of squares is increased for smaller design structures. CHb5]. Microcomponents of five different diameters: 100, 200,
sen results are presented in Table 4; more details can be fol8@D, 400 and 50Qum were made. The length was determined
in [12-14]. by thickness of substrate and for alumina ones was 260 and
640 um, for LTCC — 300um.

omEm amEs T

Fig. 5. Microresistors fabricated in full Fodel process (designed width

—100um) 0.000
Fig. 6. Three-dimensional profile of 18000 um? LTCC-cofired re-
Table 4 sistor

Mean dimensions and their standard distribution for screen-printed

and full Fodel processed microresistors made oyOal The standard resistors, even with reduced dimensions, have

two terminations. When they create resistor arrays the de-

Structure Planar dimensiongifn) Thickness signer has to take into consideration all necessary technologi-
Design Realized (nm) cal margins. The whole resistor array still has relatively large
length = 50 86.2 area. A reduction of total component area is possible as a
100 14314 result of substitution of array consisting of two-terminal re-
200 200£12 sistors by equivalent multicontact resistor [16]. Simple three-
400 40512 contact resistors and more sophisticated six-contact structures
Al,Os/Fodel i i -
800 82610 were designed based on conformal mapping used for calcula:
width = 50 404 5.5 tion resistance values as well as determination of coordinates
100 74+6 18.0 of contact edges. Different topologies of three-contact and six-
200 166£5 18.0 contact test patterns were designed and fabricated — the exam-
length = 50 86-2 ples are shown in Fig. 7. The following dimensions were cho-
100 1434 sen for three-contact resistors: 30000, 600<200, 900<300
200 2209-12 and 1506¢500pum? whereas 42, 3x 1.5 and X1 mn¥ struc-
Al,Os/screen- 400 405+12 tures were made for six-contact ones. All resistors were pre-
printing 800 826t10 pared on standard alumina and DP 951 LTCC tape (Du Pont).
width =50 798 4.5 For all tested resistors we noted that real planar dimensions
100 12710 7.0 were smaller than designed ones; by about 15425or pho-
200 22710 9.0

topatterned conductive ink and 50-@én for screen-printed
resistive inks [17].

Except planar it is also possible to manufacture 3D compo-

nents, made inside substrate to exploit it in a more efficient wa

[9]. Passives were made inside alumina as well as in LTC( :

(DP 951) substrate. The first step of passives’ fabrication pro- X
cess in alumina was drilling of vias in a substrate witho,CO

laser. Next vias were filled with paste by injection under 0.3

0.6 MPa pressure. Then filled holes were dried and subjected ! ! !

to high pressure of 20 MPa to improve uniformity and densityFig. 7. Examples of three-contact and six-contact resistor topology

12 Bull. Pol. Ac.: Tech. 54(1) 2006
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Table 5
Critical electrical field and power spectral density as a function of resistor dimensions, applied technological variant and pulse width
Substrate/ Drizligtn;d tp =0.1ms tp =5 ms
deposition method A Ecrir (Ps)crir Ecrir (Ps)orir
(km”) (V/mm) (W/mn) (V/mm) (W/mn)
100x 100 389 212 264 102
Al20s/ Fodel 200% 200 340 175 218 71
Al,Os/screen- 100x 100 319 115 189 55
printing (SP) 200x 200 313 167 179 52
) 100x100 314 89 208 49
LTCC- cofired/SP 5004 200 321 109 169 27
LTCC- 100x100 274 81 188 53
postfired/SP 200x200 265 160 116 50
1.8 4 [--m- Alumina screen-printing . dependence of resistance in a wide temperature range (between
-0 Alumina-FODEL —170C and 130C) was measured and analyzed [10,12]. All
’\_/\ 1.6 - | —®— LTCC-cofired ° . .
= —0— LTCC-postfired of these parameters were characterized for as-fired and ther-
€ 14 A mally aged microresistors. Moreover the AC properties in the
E 19 . frequency range from 1 Hz to 3 GHz [18,19], low frequency
g5 noise [18-20] and durability of microresistors to various short
.‘g 1.0 1 electrical pulses [13-14,21-23] were investigated.
[}
2 0.8 1 ‘
é 6 —s— 50 x 50 pm? | :
7 0.6 7 4 [[=o- 100 x 100 um?|: E
—a— 200 x 200 pm? y H g/.\
04| 2 ) S /A\\
0.2 - & Eﬁ\ i ‘7A W T S S
T T T T T T T T 1 § 0 :7- /AK:.
0 100 200 300 400 500 600 700 800 900 ~ 9 : : N
1 ((ILI)H) g A ‘ } ]
a - 1 :
200 1 T |
A 162°C 207°C  253°C
150 o --®-- Alumina scren-printing -8 : :
-0 Alumina-FODEL : \
. —e— LTCC-cofired -10 : % -
—0— LTCC-postfired : :

1 10 100 1 10 100 1 10 100
Time (h)

~ 50
= (a)
S0 0.20
50 | 0.15 - 253°C
T T T T T T T T 1 S 0.10 )
0 100 200 300 400 500 600 700 800 900 = |
1 (pum) g 0.05 ——
(b) So00{ 4 |
© '
Fig. 8. Influence of kind of substrate and resistive film deposition 0,05 - e — —
method on sheet resistance (a) and HTCR versus resistor length de- —o— 10.25 x 0.25 mm? ; -
d ist idtlh = 100 b | —4— UN1 x 1 mm? |
pendence (resistor wi um) (b) 20.10 {0 I f N
~0.15 +— ; : ; : : :
0 100 200 300 400 500 600

2.2. Electrical and stability properties. Basic electrical Time (h)
properties include sheet resistance and its distribution as well (b)

as hot temperature coefficient of resistance (HTCR) and its disiy. 9. Long-term thermal stability of LTCC-postfired thick-film mi-
tribution. They were related to microresistors’ length, widttroresistors (a) and typical cermet thick-film resistors (DP 6620, 100
and thickness [10-14,17]. Moreover normalized temperature ohm/sq) (b)
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The basic electrical properties of standard thick-film resis- 20
tors and microresistors with laser-patterned gap in conductive
film are compared in Table 2. There are many technological 15
variants (e.g. those with Au terminations), where rather small
geometrical effect is appeared (very similar values of HTCR, _ 10
insignificant difference in sheet resistance of both tested topok
ogy). Therefore the above solution seems to be appropriatg 5
even for 01005 (0.250.125 mn?) components. ﬂi

Microresistors with Ag-based Fodel terminations exhlblt 0 ﬂf\%
much stronger geometrical effect (this means significant de-
pendence of sheet resistance, hot temperature coefficient of re- 5 -
sistance and normalized temperature dependence of resistance
on resistor length) from those with laser patterned electrodes 1 . . . . . . .
(Fig. 8). The R(T) characteristics of these components are typ- 100 150 200 250 300 350 400
ical for thick-film resistors. They have resistance minimum at E (V/mm)
certain temperature. This minimum shifts towards lower tem- (a)
peratures when the resistor aspect ratio is decreased. 20 \ \\A

The long-term thermal stability of microresistors made
from experimental photosensitive ink and typical thick-film re- 15 7 J
sistors was compared (Fig. 9). The samples were kept in turn M 7
for about 200 hours at three different temperatures @62 . 10 ) /
207°C and 253C. The behaviour of 200200 um? microre- /TTD
sistors is similar to typical thick-film resistors. The 20000
um? microresistors also exhibit acceptable results but som - N
what worse than larger structures. 07 /:2%% ,_-4" ;z:}g#/\”/

Pulse durability test is very promising and efficient char- # o Q /‘?\: e
acterization method for LTCC and thick-film microsystems -5 -
[21,22]. For example, by changing the pulse duration it is pos-
sible to find so-called load hyperbola (the dependence between-10 w w w x \
electrical load and component life time), i.e. to find an ad- 0 25 50 75 100 125 150 175 200 225
missible power of electronic devices. Investigations of pulse Py (W}/mm )
durability can help to fix the critical electric field and next sur- (b)
face or volume power density for microresistors in dependené&dy. 10. Relative resistance changes versus electric field and pulse
on resistor dimensions or pulse duration. The self-made Preurface power density for 26200 um® thick-film microresistors
grammed Pulse Generator [22] was used for investigation of screen-printed on alumina,(= 0.1 ms)
microresistors’ pulse durability. During the measurements the
rectangular pulse voltage (with duration 0.1 ms —“short” pulse, Microresistors made in full Fodel process show much
or 5 ms — “long” pulse and 2 seconds pulse off time betweeweaker dimensional effect and exhibit noticeably smaller dis-
pulses) was changed in linear stair mode. During the pulse thiéution of basic electrical properties. Much better repro-
voltage was kept constant whereas the current was measuckibility of this technology leads also to their much better
at the end of every pulse. Several one-square microresistgngise behaviour (increase of critical electrical field and surface
(structure A with 56<50, 100<100 or 200<200 um? micro- power density approximately by 20-30% in comparison with
components) were tested for various pulse durations, substrageen-printed ones).
kinds and deposition techniques of resistive layer. This per- Itis worth adding that resistors with smaller planar dimen-
mitted to find the current-voltagd-{/) characteristics used for sion are characterized by better frequency behaviour i.e. wider
calculation of theR-V dependencies. The electrical fiel)( transmission band (Fig. 11).
and the surface density of poweP,) were calculated based
on real dimensions of microcomponents. The example of re2-3. Trimming. Currently laser trimming is the dominant
ative changes of resistance as a function of electrical field timming method of thick-film and LTCC resistors. As-fired
surface power density is shown in Fig. 10. thick-film resistors have the resistance tolerance with9%

We assumed, that the pulse amplitude is called criticahnge and this tolerance is increased for smaller components.
(Verrr) for chosen pulse width if during 2 identical rectan-It was shown that buried LTCC resistors can be laser trimmed
gular pulses the resistance of tested components was changedugh one thin LTCC tape [11]. But in general the laser
by more thant10% or investigated devices were destroyetrimming is insufficient for thick-film and LTCC microresis-
completely. Values oV r;r and actual planar dimensions al-tors. Therefore the novel trimming methods are necessary for
low calculateEc gy and(Ps)crir- They are summarized in microresistors, especially when they are embedded in LTCC
Table 5. substrate [23,24]. The most advanced research is connected

AR/R (%)
ot
u}
>
=g
5 w8
o~ °©
(o]
{ |
O\O
O,
v
(o]
\O
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with trimming by energy of high voltage pulses. The elec-
trical (normalized temperature dependence on resistance, low
frequency noise) and stability (relative resistance drift, changes 1
of current noise index) characteristics are presented below for
untrimmed, pulse voltage trimmed or laser trimmed thick-film
resistors subjected to the step-increased long-term thermal age>

Modern micropassives: fabrication and electrical properties

ing at 162C, 207 C and 253C.

The untrimmed and laser-trimmed resistors are much morm
stable than voltage pulsed ones — Figs. 12 and 13. Untrimmed 4 |
resistors exhibit resistance increase at all temperature levels.
This increase is larger at the beginning of every temperature 2 |
step but even after keeping the samples af258does not ex- ]
ceed 1%. Very small laser trimmed resistors (kP25 mnt)
have negative resistance drift after keeping at°ZDand

1200 1 CF041, surface
1000 A
= 800
=
s
o 600 A
400 A
200 A
10° 106 107 108 109
f (Hz)
CF041, surface
0 A
-100 A
5 200 1
= 1
2 2
b 300 5, 0.3 s
400 42— 06 .
3— 09
=500 44— 12
10° 106 107 108 109
f (Hz)
CF041, surface 1 P 3
07, 0.3 :
2 0.6
3 0.9
4 1.2
‘= 200
=
S
>
—400
-600 ‘ ‘ ; ‘ ‘
250 500 750 1000 1250
R (ohm)
Fig. 11.

with various unit square
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High voltage pulse trimmed (HV)

07 162°C
1y vy 207°C
SR 3 * vovy . ‘
< .4 v
A 3% oo v, 253°C
R $
10 kohm/sq. $#~3 < v
\l=lT .
-3 1 ~ KS
= *-o— . v
1 L
—Hl— 52 -1 x 1 mm? &
*
—@®— S3 -1 x 1 mm? \'\4
1|—A— S5 -1 x 1 mm? .<k<
A
v 51005 x 0.5 mm? 0\\\-\
5 [ 2 \
& S12-0.5 x 0.5 mm O\.
—6 1| 4+ S13-0.5 x 0.5 mm? °

100 200 300

t (h)

400 500 600 700

Fig. 12. Long-term stability of high voltage discharge trimmed 10
kohm/sq. thick-film resistors (changes of resistance in trimming pro-
cess: S2;-13.0%, S3; —10.3%, S5; -5.4%, S10; —3.8%, S12; -10.5%,
S13; -13.6%)

o 025 % 0.25 mm? (UN Untrimmed (UN)
U (UN)'|' Laser trimmed (L)
—0— 0.25 x 0.25 mm? (L) L
0.4 1 A 1 x1mm?(UN) X
' v 1x1mm?(L) ‘/./'
) 4
< 0.2 v | e
g 1w 'l/ o
= 00 fs"/'
= |4 162°C &,
< 1 .\‘\‘
024 10 kohm/sq. T
207°C |
° 253°C
—0.4 1 %, o
® \.
70.6 T T T T T T T T T !
0 100 200 300 400 500 600
t (h)

Fig. 13. Long-term stability of untrimmed and laser-trimmed 10
kohm/sq. thick-film resistors

253°C but still within +£1% range. Resistors trimmed by en-
ergy of high voltage pulses show decidedly larger negative drift
of resistance. It depends on trimming level. Resistors with
higher trim level are much less stable at every investigated tem-

perature.

Current Noise Index@NIl) is one of the most important
parameters of resistors. The noise with a typitaf shape
(caused by equilibrium resistance fluctuations) is dominant
in the low frequency range independently of the trimming
method. The initial (i.e. before ageing) noise intensity is com-
parable for all resistors made of the same ink and of identical
planar dimensions. After long-term thermal ageing@hd of
high voltage-trimmed resistors increases noticeably in spite of
simultaneous slight decrease of resistance. The CNI increase

Bode and Nyquist plots of CF 041 LTCC surface resistorts larger in case of strongly trimmed structures — Fig. 14. On

the other hand the noise level of untrimmed and laser trimmed

15
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resistors does not change after ageing process (similarly as re- It was proved [26] that:
sistance).

Only a few papers discuss trimmed resistor design prob-
lem. Trim resolution is inversely proportional to sensitivity
(which is the first derivative of trim characteristics). There-
fore this characteristic is very important to calculate the re-
sistor layout dimensions. Very recently a new resistor config-
uration was proposed for laser trimming — two-contact resis-
tors were replaced by three-contact distributed structures (Fig.
15) trimmed by narrow cuts just around additional contacts of
different shapes [25]. An additional contact lowers the resis- . . .

S ._._— Trimmed resistors have larger noise level and worse pulse
tance value between the other contacts, this widens resistance

L . X . durability independently on resistor configuration.
trimming range and due to this there is no need to design re- . : .
. . : ) . — Cut 1, which can be treated as typical single P-cut, causes
sistors with lower resistance values than the required nominal Co .
the strongest deterioration of noise level and pulse voltage

value. What is more, this enables us to achieve correction with durability

smaller cut length so it can lead to a faster and cheaper hybrid '

IC fabrication process. The three-contact structure with semicircular additional con-
tact seems to be the most appropriate for proper pulse durabil-
ity, even when long trimming kerf is necessary.

Three-contact resistors assure larger range of resistance in-
crease than two-contact ones for the same length of trim
cut.

The shape of additional contact as well as the shape of laser
trimming pathway affect the trim range and the trim sensi-
tivity characteristics versus trim pathway length.

Long-term thermal stability of tested resistors does not de-
pend on resistor configuration, shape of additional contact
and cut length.

10 kohm/sq., 1 x 1 mm? —
3. Nonlinear resistors

3.1. Thermistors. Typical commercial NTC and PTC ther-
mistors are realized in ceramic technology. Because of many
similarities between ceramic and thick-film technologies these
devices were adapted very quickly for realization in thick-film
technology. Thick-film NTC thermistor pastes consist of the
powder of spinel-type semiconductor metal oxides (or spinel-
type semiconductor is formed during firing process from pow-
ders of various metal oxides) blended with the powder of pre-
cious metal or conducting oxide, the glass binder and the or-
ganic vehicle — please see [27] and references herein.

We investigated both planar [22,28,29] and 3D thermistors
Fig. 14. Changes. of cyrrent noise index of 10 kohm/sq. as afuncti(rg'15] made on alumina or on/in LTCC substrate from self-

of trimming method and ageing process made composition consisted of MgCay sNig.35RUy.2504

(44 wt %), RuQ (16 wt %) and glass (40 wt %) or from NT40
ink (10 kohm/sq.) from Du Pont [9,15,22,28,29] or based on
Si:B, stoichiometric SiC and SiC:B magnetron sputtered thin
films deposited process through metal mask onto alumina (A)
or fired LTCC substrate (S) with previously screen-printed and
fired electrodes.

The following formula was used for description 8{T")

.:l III characteristics of thermistors:

_9 -| |l Before ageing
1 Thermally aged (170 h, 162°C)

Cut 1 Cut 2

R(T) = Rooexp(B/T) (1)

Cut 3 Cut 4 where coefficient®l.,, andB were calculated based on exper-
imental curves — chosen examples of these characteristics are
shown in Fig. 16.

Standard thermistor inks can be applied in LTCC cir-
cuits. Metallurgy of electrodes, i.e. the interface conduc-
tor/thermistor, affects the electrical properties of thick-film and
LTCC thermistors much stronger than configuration. The re-
sistivity of 3D thermistors is lower than for planar ones in the
case of Ag contacts. Moreover, silver electrodes strongly influ-
ence theR(T') characteristics both for planar and 3D compo-

Fig. 15. lllustration of laser cut length used in three-contact resistofents, decreasing thermistor const&ng--2.5 times in com-
with rectangular and semicircular additional contact parison with thermistors possessing PdAg contacts. Basic
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electrical parameters of thermistors (resistivity, thermistor corcharacteristics were measured for all as-fired and voltage pulse
stantB) are dependent on the kind of substrate as well as dsubjected thick-film and LTCC varistors. The varistor voltages
vice configuration and placement in/on the substrate. All mivere determined at 0.01, 0.05, 0.1 and 1 mA DC current. Next
crovolume thermistors show small& values in comparison the |-V characteristic was fixed by the equation
with planar one.
Magnetron sputtered thermistors exhibit rather small influ- I=CVve (2)
ence of thermistor geometry on sheet resistance and negligible
on B. All magnetron sputtered layers (Si:B, SiC, SiC:B) are WwhereC'is a constant and the exponentefines the de-
compatible with DP 951 ceramic substrate. The interaction bgree of nonlinearity. The 3D varistor nonlinearity exponent
tween boron and substrate affects very strongly basic electri¢galdependent on ceramic tape — for Ferro A6-M tapes it was
properties of these films. between 10 and 15 and breakdown voltage of about 30-40 V
NT 40 thermistors possess stronger dimensional effect thi#l- But the same composition deposited into Du Pont 951 tape
magnetron sputtered ones. Also their stability is strongly ddeads toa from the range between 5 and 11 for planar struc-
pendent on substrate kind as well as thickness and positiontgfes [30] and 6 to 8 for 3D ones [15] (identical 3D varistors in
thermistor layer. NT 40 thermistors embedded in DP 951 c@lumina substrate give nonlinearity degree only from the range
ramics have much better long term stability than typical NT@G.5+5). Probably these results are caused by much lower fir-

ceramic thermistors. ing temperature. But as was recently reported in [32] printing
sequence for varistor and conductor layer, kind of electrode
10000 _/: paste and additional densification process affect varistor non-
_/-;./ linearity — for example since this component properties occur
_/';. ° A at the grain boundaries the smaller porosity and suppression
— " — of additives improve significantly the I-V characteristic¢an
—" o p g y ¢
1000 - 0/'::_A/‘/A be equal to about 20) [31]..Similar resulm—an_ywhere from
S a—A v/'/: ten to twenty — were obtained for LTCC varistor tape made
= v /v;/o/ b)_/ tapg ca;tmg method. Next the several varistor green tapes
v/,/v/ e with thick film PdAg electrodes on each tape were laminated
\a /./’/‘ together and cofired in the profile typical for Du Pont green
100 = b tape system [32)].
—A— 300 pm
T 00 4. Conclusions

x x x x x x This paper presents current situation in the area of discrete,
2.4 2.6 2.8 3.0 3.2 3.4 integrated and integral micropassives. Integration of passive
1000/T (1/K) components into MCM substrates improves electrical proper-
Fig. 16. R-T characteristics of microvolume thermistors made in 64¢ies and reliability and reduces cost, size and weight of elec-
um thick alumina substrate tronic systems in a such manner that this solution should fulfill
the demands of current and next electronic packaging genera-

tions.

3.2. Varistors. Traditional ZnO-based varistor ceramics are  Probably thick film and LTCC technologies are the most
sintered at about 1250—130D. Thick-film varistors are also Popular in fabrication of modern microresistors, even for 0201
familiar — they can be discrete or prepared as a part of i@nd 01005 package size. Of course size reduction causes that
tegrated Sing|e component Comprising of inductor-capacitog.eometrica| errors connected with technological margins and
varistor (LCV) cells, or cofired multilayer varistor and capacPhysicochemical processes at the interfaces, for example be-
itor. They can be app“ed in protection of electrical Circuitgween resistive film and terminations or SubstrateS, affect more
against low energetic electrostatic discharges. Usually they s28d more significantly electrical and stability properties of
fired at temperatures in the range 1060—FI00This is about LTCC and thick-film microresistors. Therefore some exam-
200°C higher than typical firing profile used in thick-film or ples of relation between geometrical, electrical and stability
LTCC technologies. It is interesting to investigate the possproperties were presented both for microplanar and microvol-
bility of significant reduction of varistor sintering temperaturedme resistors. Moreover various methods of trimming process
to the range 850-90C. At that time it would be possible to Were characterized and discussed from the stability and trim
include varistors in the group of integral passives, i.e. passivegnsitivity point of view.
either embedded in or incorporated on the surface of an inter-
connecting substrates, made for example in LTCC technologdcknowledgements. This work was supported by Wroclaw
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