W Fig. 1 PRT construction.
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INTEGRAL RESISTORS
IN HIGH FREQUENCY
PRINTED WIRING BOARDS

he growing need to eliminate discrete resis

tors is driven by design trends toward faster

speeds, shorter trace lengths and smaller
boards with higher component densities. Printed
wiring hoards (PWB) have become complex pack-
ages hc;sting higl'l d(-.'.nsity interconnections and new
dielectric materials for proper system performance
at faster operating frequencies. The complexity, so-
phistication and demands of electronic systems are
foreing an integration of logic, circuit design and

package d(-!sign'. Integral resistors in the form of

planar resistor technology

(PRT) in PWBs have be-
come a tool for the cireuit
designer when addressing
some of these packaging
demands.

PRT is a thin-film met-
al alloy system that consists
ol an insulating substrate
and a two-layer bifunction-
al cladding, as shown in
Figure 1. The lower layer
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that is locuted against the

base laminate surface is an electrical-
ly resistive material; the upper layer
is copper. The two layers of this bi-
functional cladding are in contact
with each other over their entire
area. Using standard subtractive
PWB print and etch techniques, lay-
ers are dilferentially defined so that
separate patterns of conductors and
resistors are formed, as shown in
Figure 2.

PRT has been used in multilayer

A\ Fig. 3 Termination resistors in « BGA
package.

PWBs for more than 25 years, pri-

in an ATM switching eard.

A Fig. 4 Termination and pull-up resistors

marily for terminating and pull-up/pull-down resis-
tors.! The technology has demonstrated excellent re-
liability in consumer electronics, computer systems,
mili tary and aerospace cirenits, and telecommunica-
tion switching equipment. Some (-.-mmplt:h' of these
appli(:utimls are shown in Figure 3 (termination re-
sistors in a ball-grid array (BGA) package) and Fig-
ure 4 (termination and pull-up resistors in an asyn-
chronous transfer mode (ATM) switching card). Most
of these applications operate at relatively low fre-
quencies (less than 1 GHz) and make use of tracli-
tional PWB dielectric materials such as epoxy-glass
FR-4 and, for higher temperature applications, poly-
imide.?

There has been a growing use of PRT in high
["r(:(_|11t:1‘|(:_\f alpplicutions, primurily for transmission
line terminations and attenuators. Integration of re-
sistors inta PWBs for high frequency use has some
desirable henelits: greater pa(:knging densities, elim-
ination of the resistor assembly, \\'(:ighl' savings, re-
duction of interconnection line lengths and a reduc-
tion in the parasitic indnctances and capacitances
associated with discrete chip resistors.®

PRT has been successfully used in numerous mi-
crowave applications on a variety of polytetrafluo-
roethlylene (PTFE)-based dielectrics, including
Duroid” 5850 and 6002, CLTE® and Speedboard.”
Two application examples are Dassault Electron-
ique’ active phased-array antennas {which use PRT
on 6002¢ laminate material) and Loral Space’s Glob-
alstar S-band and L-band antennas {(which use PRT
on CLTE with Speedboard bonding sheets), shown
in Figures 5 and 6, respectively. Both applications
nse multilayer structures with the PRT resistors em-
bedded within the circuit board.

Tntroduction of newer dielectric materials for mi-
crowave applications has led to a corresponding inter-
est for PRT on these new materials. One such
;t]_ap]icai'im'l is a 16-way power divider, shown in
Figures 7 and 8, which is produced by Merri-
mac Industries and uses PRT on RO3003% di-
clectric. Merrimac has been successful with
etching resistors as small as 0.015" x 0.015" us-
ing 23, 50 and 100 /sq sheet resistivity PRT.
Resistor tolerances have been maintained to
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ing technology. Multi-
Mix technology en-
ables filters, multi-
plexers, MMICs and
other active and pas-
sive circuits to be
packaged in a manner
similar to application-
specilic ICs for
RF/microwave appli-
cations.?

A joint effort by
Ohmega Technologies
Ine. and Rogers Corp.
was begun to evaluate
PRT on some of these
new dielectric materi-

Brirmm

A Fig. 6 PRY resistors embedded within
the circuit board.

Fig. 7 A four-up array 16-way power divider
with 50 Csq PRT resistors. W
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£10 percent for 25 and 50 /sq material
through the entire process, including lusion
honding. Resistor tolerances of £20 percent
have been maintained for 100 £ rﬁxwough
all processes, The 16-way l'xmrnr(!li\-'ider is
run four-up on a 9" x 12" array.
Merrimac’s success with PRT on
RO3003 has led to its use in the compa-
ny’s new and unique Multi-Mix™ packag-

als, RO3003, RO4003*
and TMM3* dielectrics
were tested along with an FR-4 control
substrate. The RO3003 material is a non-
waven ceramic-filled PTFE composite,
RO4003 is a woven-glass-reinforced cerum-
ic-filled thermoset material and TMM3 is a
ceramic thermoset [)(?l:ﬂll(.'r compaosite.

One of the main concerns of PRT on
these materials was adhesion. The pres-
ence of the ceramic filler could signifi-
(‘.u"ﬂ.\_.-' reduce the bond strength of the
laminated product due to a reduction in
the resin-to-filler ratio, A determination of
the effects of bonding temperatures and

ressures on the thin-lilm resistive materi-

al's physical and electrieal characteristics
Wils rw]uirv.d_

PRT of a variety of sheet resistivities (25,
50 and 100 Qsq) and two copper weights
(1/2 and 1 0z) was bonded to 0.020"-thick
substrates of RO3003 and RO4003 and
0.050"-thick TMM3. These laminated
sheets were pmu-mr:l into two-resistor ar-
ray patterns for testing, The first test pat-
tern, shown in Figure 9, was an array of
0.5"5q resistors used to test the shect resis-
tivity of the PRT material. Large resistors
were used to eliminate the effects of dimen-
sional variations on the resistor due to the
subtractive print and etch process. This test
pattemn also contained standard Institute for
Packaging Electronic Circuits-specified
PE'El coupons for bond strength testing. The
second test pattern consisted of a series of
10 square resistors ranging in size from 1.0"
% 0.1" to 0.125" x 0.0125" as shown in Fig-
ure 10. This test pattern was used to evalu-
ate the environmental and electrieal charae-
teristics of the PRT material. Preliminary
results of this study are listed in Table I.
Determination of the high frequency elec-
trical chamcteristics of PRT on these dielec-
tric materials is now underway by Rogers.

The RO3003 sheet resistivity test data
were consistent with high temperature
bond effects. The RO3003 dielectric {a
PTFE material) is bonded at temperatures
in excess of TOD°F. The 25, 50 and 100
materials showed shifts of about eight, 18
and 43 percent, respectively. The higher

A Fig. 8 A single section of a 16-way power
divider with 50 (Vsq PRT resistors.
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A Fig, 9 An array of resistors used to test
sheet resistivity of the PRT material.
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A Fig. 100 A test patiern used to evaluate
PRT material encironmental and electrical
characteristics.

shift in the 100 Q material is likely due to a
combination of the high temperature
bonding and dielectric stress of the soft
RO3003 material on the thin PRT,

The RO4003 material is bonded at
temperatures in excess of 450°F. The re-
sultant ohmic value shift is somewhat less
than that caused by the T00°F+ tempera-
tures of PTFE lamination. The 25 Q ma-
terial showed a shift of approximately sev-
en percent, the 50 Q material a shift of 13
percent and the 100 Q material a shift of
21 percent. The significantly better re-
sults in 100 Q material are likely due to
less dielectric stress in the harder
RO4004 product.
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The TMM3 results show very little
sheet resistivity shift compared to FR4
data. The bonding temperature is also in
excess of 450°F but at a significantly re-
duced press time (less than half that of the
RO4003 material). The 25 Q material
showed a shift of approximately three per-
cent, the 50 Q material a shift of five per-
cent and the 100 Q material a shift of sev-
en nt.

Tables 2. 3 and 4 list the results of peel
strength, solder float and thermal coeffi-
cient of resistivity (TCR} evaluations, re-
spectively. The peel PRT on RO3003 was
excellent. These data are similar to results
on ROG002 and CLTE substrate materials.
The RO4004 dielectric showed a lower
bond than the FR4 control sample for all

Resistivity Copper

(Q2/sq) Weight (oz)
FR-4 (Control)

RO3003

RO4003

Measured
Resistivity ((/sq) Deviation

sheet resistivities with a fairly consistent re-
duction of two pounds per inch.

The TMM3 dielectric had extremely
low bonds. However, the etched resistors
and copper traces had excellent line defi-
nitions, exhibiting no signs of flaking or
material removal during the photofabrica-
tion process. A tape pull test was per-
formed on all sheet resistivities. In this
test, transparent tape with a typieal bond
strength of 2 Ib/in is taped to the resistive
material and removed. Normally, a resis-
tive material with a bond strength of less
than two pounds to the dielectric will be
removed with the tape. In all cases on the
TMMS3 there was no resistive material re-
moval with the tape. More bond strength
testing of the TMM3 is being conducted
to verify the original
numbers.

The solder float
data for all resistivities
and dielectries show
excellent stability in
the PRT material. The
TCR test was repeated
to verify the data and
{ yielded the same re-

sults. Typical TCR data
for ROG002, RO5550
and CLTE are approxs-
imately 400 to 600

pm/°C. The high
Eond temperature and
extended bond eycle of
PTFE materials raises
the TCR of the PRT
{compared to FR4
substrates). The
RO3003 TCR data
were substantially less
than those of other
PTFE materials. This
result might be due to
the shorter bond cycle
compared to other
PTFE materials. The
RO40035 results were
consistent with other
thermoset materials
with little difference in
TCRs for the various
sheet resistivities. The
TMM3 data were by
far the best. There was
virtually no change in
resistance with a
change in tempera-
ture, The dimensional
stability of TMM3 and
the corresponding lack
of temperature-in-
duced stress in the di-
electric material are
the maost likely reasons
for this result.

FPower testing was
performed on 10

Standard

square resistors (0.05" x 0.5") of 25, 50
and 100 €/sq sheet resistivities on the sur-
face of the test panel. All copper was 1 oz.
Each resistor had continnous power ap-
plied to it at an ambient temperature of
25°C for two minutes after which time the
resistor was cooled to room temperature
and remeasured for ohmic value. The
power was then increased and applied to
the resistor for another two minutes and
the resistor was once again tested. This
procedure was repeated until the resistor
exhibited a change in resistance value and
became unstable. Table 5 lists the power
load test results.

Typical power rating for PRT bonded
to FR4 material (T, = 140°C) is approxi-
mately 125 W/in? of resistive material for

Peel
Strength
(Ib/in)

Copper
Weight (oz)

Resistivity
(2/sq)

FR-4 (Control)

RO3003
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TABLE Il
SOLDERFLOAT
Solder Float
at 290°C
r10s(% AR)
FR-4 (Control)

Resistivity  Copper
(Q/sq) Weight (oz) p

5

R

100

._1_00 P 1

TCR
25°to 125°C
(ppm/°C)

Resistivity  Copper
(Q/sq) Weight {oz)

FR-4 (Control)

i

25 Q/sq product, 100 W/in® for 50 €2/sq
product and 75 W/in? for 100 £/sq prod-
uct. All data, with the exception of the
100 €/sq material on the RO3003, exhib-
ited a significantly better power rating
than PRT on FR4. This result is due to
the high temperature characteristic of the
dielectric materials. The RO3003 100 Q
data might be inaccurate due to handling
damage of the tested resistors causing in-
stability in values unrelated to the power
test. A repeat of this test is currently
underway.

CONCLUSION

Integral resistor use in high frequency
applications is growing rapidly. New dielec-
tric materials are being introduced to ad-

dress both the processing and electrical re-
quirements of these new applications. The
benefits of PRT make it an important part
of many of these applications. Preliminary
characterization testing of PRT on RO3003,
RO4003 and TMM3 material has been
completed. The data are encouraging with
more test results expected soon.
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