
FIL TERS 

Ceramic Dielectric 
Surface-mount and 
Coaxial F. MI Filters 

THOMAS L. VENABLE 
Synergistic Technology Croup, Inc. , Tucson, AZ 

Coaxial Capacitor 
Evolution, 1950-1998 
The need for electromagnetic inter- 
ference (EMI) filters as part of the 
arsenal of solutions for electromag- 
netic compatibility (EMC) has been 
mell documented, and it is not the 
purpose of this article to discuss and 
justify this need. The purpose of this 
article is to provide some insight into 
the evolution of coaxial discoidal 
capacitor elements utilized in EMI 

filters, discuss the performance and 
improvements of EMI filters utilizing 
the discoidal and finally, discuss the 
newer surface-mountable (SMT) 
three-terminal EMI filters. Suffice to 
say that lorn-pass coaxial feed- 
through and three-terminal EMI fil- 

ters are mell established in applica- 
tions requiring shielding, isolation 
and suppression of conducted elec- 
tromagnetic interference for both 
emissions and susceptibility. 

Electromagnetic interference is 
defined as any electrical signal ra- 
diated or conducted into or out of 
the electronic equipment, disrupt- 
ing the normal operation of the 
equipment. EMI includes the fre- 
quency range of the entire electro- 
magnetic spectrum, from direct cur- 
rent to the visible frequencies, and 
can be either continuous or inter- 
mittent in occurrence. 

Many of today's miniature EMI fil- 

ters utilize a unique coaxial multi- 

layered ceramic element, commonly 
termed a discoidal capacitor element. 
In the simple one-element EMI fil- 

ter, which provides 20 decibels (db) 
per decade attenuation, the discoi- 
dal is simply used as a feed-through 
coaxial capacitor. An inductive ele- 
ment may be added to provide an 
"L" circuit (improving attenuation to 
40 db per decade), then another dis- 
coidal capacitor can be added to pro- 
vide a 3-element or "Pi" configura- 
tion (further improving attenuation 
to 60 db per decade) and so on. 

The invention of the discoidal el- 
ement began at Erie Resistor Corpo- 
ration (ERIE) in Erie, Pennsylvania in 
the early 1950s w"hen ERIE invented 
and patented a coaxial high-frequency 
button mica capacitor for use in tele- 
phone systems and microwave links 
pioneered by Bell Telephone Labo- 
ratories and Western Electric Com- 

pany. In order to have two sources 
of supply, Sangamo Electric in Spring- 
field, Illinois mas licensed by ERIE to 
manufacture the button mica capaci- 
tor product offering. This discoidal 
transmission line device mas made up 
of a stack of mica dielectric washers, 
printed mith a gold or silver electrode 
coaxial transmission line pattern, that 
made each washer a "stackable" ca- 
pacitor element. 

Coaxial electromagnetic interference filters and filter 
elements have been evolving since the early 1950s. 

Today's product offerings reflect ongoing 
miniaturization and reliability improvements in 

these basic technologies. 

Typically, about 30 electroded 
mica washers are stacked in electri- 
cal parallel to form a coaxial high- 
frequency capacitor, with typical 
values up to about 1, 500 pF. The 
button mica capacitors exhibit out- 
standing low loss performance 
through several gigahertz. One of the 
limitations for utilizing the coaxial 
button mica for EMI filtering, ~here 
some brute force filters need 3 or 4 
pF, is the lom dielectric constant of 
naturally occurring Muscovite mica, 
which is about 7. 

As the need to miniaturize elec- 
tronic circuits and packages evolved, 
it mas a natural evolutionary step to 
develop a process to fabricate co- 
axial capacitors utilizing higher di- 

electric constant barium titanate ce- 
ramic formulations in multilayered 
discoidal forms (Figure 1). Barium 
titanate ceramic formulations, with 
dielectric constants ranging from 
about 20 to more than 15, 000, en- 
ables the manufacture of high-per- 
formance discoidal capacitor ele- 
ments with capacitance values to 
several pF in a miniature package. 
In the 1960s, this work simulta- 
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Figure 1. Multilayered Discoidal 
Ceramic Capacitor, Formed by 

Building Up Offset Alternating 

Electrodes and Con necti ng Them in 
Electrical Parallel to the Outside 

Diameter and Inside Diameter. 
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neously evolved at Sprague Electric 
in North Adams, Massachusetts and 
at Erie Resistor/Erie Technological 
Products in Erie, Pennsylvania. (Erie 
Technological Products, in the 
United States, was later acquired by 
Murata Manufacturing Company of 
Japan). Erie began producing coaxial 
multilayered ceramic discoidal EMI 
filter elements in 1966 for applica- 
tions in ballistic missiles, airborne 
electronics and the NASA Space Pro- 
gram. 

These discoidal ceramic capacitors 
were fabricated utilizing a "dry green 
ceramic tape" stacking and cutting 
process and were prone to exhibit 
serious reliability problems associ- 
ated with misregistration, delamina- 
tion and voids in the ceramic layers. 
In the 1980s, these inherent process- 
ing flaws were solved through the 
invention and use of a "wet process" 
build-up system for fabricating the 
dielectric and electrode layers. This 
state-of-the-art process is still in use 
today. The unique process is a fully 
automated and computer-controlled 
deposition process enabling build- 

up of the discoidal by sequentially 
depositing ceramic slurry and elec- 
trode paste layers. The process in- 
sures accurate registration and elimi- 
nates in-process handling. The total 
process is carried out under clean 
room conditions. The wet process 
eliminates the risk of delamination 
and voids when compared to the dry 
tape stacking process. The entire 
process is monitored and controlled 
using statistical process control. The 
wet process also improves the per- 
formance of all multilayered ceram- 
ics at higher voltages, as corona 
threshold detection is inherently 
higher due to the lack of dielectric 
voids. This performance improve- 
ment is especially noticeable when 
the system is required to meet UL, 
VDE and CSA transient testing re- 
quirements. 

Figure 3. Brushing-style Micro- 

miniature Discoidals, uri th Gold over 
Nickel Termination. 

turers usually assemble the planar 
arrays in pi or "c" filters inside the 
connector. This insures sharp cut- 
offs, very low impedances to ground, 
excellent shielding, reduced cross- 
talk, and higher band attenuation. 
The planar array solution to EMI is- 
sues affords the user ~eight and 
volumetric efficiencies, as well as 
performance and reliability advan- 
tages when compared to other ca- 
pacitor technologies. 

DISCO IDAL PLANAR ARRAYS 
The design and construction of a 
multiple-hole discoidal array is es- 
sentially the same as a single discoi- 
dal. Basically, the dielectric and elec- 
trode layers are built up in two or 
more offsets. The through holes are 
located in the proper place and the 
holes are metalized to provide con- 
tact to one electrode set. Normally, 
a common ground connection is ter- 
minated along the edges of rectan- 
gular arrays and around the periph- 
ery of circular arrays. A variety of 
configurations that are available for 
circular and rectangular connectors 
and/or assemblies (Figure 4). The 
ground, or common, can also be 
brought to a pin or pins for an addi- 
tional ground point. 

EMI filtered connector manufac- 

A Discoidal 
Application Case 
Study: 
Telecommunications 
Power Filtering 
Telecommunications and data com- 
munications markets continue to 
converge on new technologies, such 
as wireless and broadband cable, and 
equipment makers are looking for 
new, compact, and more cost-effec- 
tive power supply options. Cram- 
ming more power into less space 
without undermining power effi- 
ciency or reliability has always been 
the name of the game for DC/DC 
converter designers. One popular 
way of saving space is to shrink the 
control electronics through the utili- 
zation of more functionality and 
smaller footprints of the ICs. Densi- 
ties of 80 watts per cubic inch to 120 
watts per cubic inch are emerging 
along with the need for smaller and 
more efficient EMI filter assemblies. 

An example of this need for 
smaller, cheaper and more efficient 

SIMPLE SINGLE-ELEMI=NT 
EMI FILTERS 
The best cost value, when selecting 
a ceramic element EMI filter, is to 

Figure 2. Coaxial Filters with 

Discoidal Multilayered Ceramic 
Capacitor as the Primary Filterirzg 

Device. 

oaxtal EMI Fflters. . . Contirzzzed from page 28 

choose the simple single-element sol- 
der-in or bulkhead-mounted bolt 
style (Figure 2). New versions of the 
bolt style are now available in sig- 
nificantly higher voltage ratings — up 
2, 000 volts DC in several cases. 

Cost-effective production of mi- 
cro-discoidals, smaller than 3 milli- 
meters in diameter, now allow their 
use in product applications formerly 
satisfied by tubular capacitor ele- 
ments (Figure 3). The solder-ins 
shown in Figure 3 utilize a gold over 
nickel termination system to over- 
come the inherent problems and is- 
sues of solder leaching that have 
been a troublesome mounting issue 
for several years. 
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and power supply subassemblies are 
required to meet the stringent tran- 
sient withstanding voltages of Under- 
writers Laboratories and the EURO 
transients specifications. The combi- 
nation of high frequency insertion 
loss, high voltage transient protec- 
tion, and ruggedized but compact 
assembly, is a case study in this new 
world of cost-effective, multilayered 
ceramic capacitor design, manufac- 
turing and processing abilities. 

Figure 4. Wet Processed Planar 
Multilayered Discoidal Arrays. 

EMI filters is the injection-molded, 
EMI-filtered terminal block (Figure 
5). This same type of EMI-filtered ter- 
minal block, in a 60-amp 3-section 
EMI filter, can be assembled in a tele- 
communication power supply sub- 
module (Figure 6). These injection- 
molded EMI-filtered terminal blocks 

PCB EMI FitTERS 
When there is no suitable bulkhead 
on which to mount a coaxial filter, 
and when cost-effective production 
is a priority, good performance can 
be achieved by through-hole 
mounting on a printed circuit board 
of a printed circuit EMI filter (Fig- 
ure 7). 

Naturally, you can not expect the 
same insertion loss performance, but 
good attenuation continues through 
100 MHz, with a softening to about 
40 decibels over the range to 1 GHz. 
Experimental results which have in- 

dicated improved performance can 

Figure 6. Power Distribution Subassembly, EMI Filtered by 3-element High- 

current Injection Molded Terminal Block. 

Figure 5. Injection-molded 24-section EMI Filtered Terminal Block Utilizing 

Multilayered Ceramic Filter Elements for Telecommunications Applications. 

Figure 7. PCB EMI Filters. 

be obtained by providing a "float- 
ing" shielded ground plane in close 
proximity with the EMI filter. 

SURFACE-MOUNT EMI 
FILTERS 
It is obvious that today's modern 
electronic assemblies are, or have 
transitioned to, the cost-effective sur- 

face mounting of just about all types 
of electronic components — including 
EMI filters. The best place to posi- 
tion an EMI filter is in the wall of a 
Faraday cage and feed-through fil- 

ters are designed to be mounted di- 

rectly onto the conductive boxes 
surrounding the circuit. This best 
practice has to be tempered with cost 
and the reality of placing EMI filters 

directly onto printed circuit boards 
or other hybrid substrates. Bear in 

mind that the high frequency re- 
sponse will be compromised and not 
be as good as bulkhead mounting. 

A range of multilayered ceramic 
products are now available to meet 
this demand. The simplest is a mul- 

tilayered ceramic chip capacitor with 

an integral internal structure which 
allo~s improved decoupling of high 
frequency noise. This is achieved by 
increasing the resonant frequency of 
the components. These components 
are generally referred to as three-ter- 
minal chips, and they are quite in- 

expensive (Figure 8). These EMI chip 
filters are offered in standard EIA 

packages, i. e. , 1206 and 1806, and 
are supplied bulk, tape and reel or 
cassette by several manufacturers. 
Typical performance values range 
from 22 pF in an NPO temperature 
coefficient of capacitance on up to 
22 nF. Insertion loss for this family 
of devices is specified as 20 dB per 
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nductance Surface-mount Filters. 
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decade above the cutoff frequency 
and rises to about 60 dB at 100 MHz 
before beginning a gradual fall-off. 

Where enhanced performance is 
needed — 60 db per decade — a high- 
current, Pi section, surface-mount- 
able EMI filter is being offered by a 
number of suppliers. This product, 
which is in fact a chip capacitor with 
the internal configuration of pi filter 
inside, allows the designer to have a 
cost-effective robotic assembly 
method and the performance of a 
feed-through filter. Figure 9 shows a 
pi section filter rated at 10 amps with 
more than 40 dB insertion loss at 1 

Figure 9. Surface-mount Filters Rated 
at 10Amps or 20 Amps Depending on 
Configuration. 

MHz, increasing to 60 dB per decade. 
These surface-mount EMI filters are 
all designed for robotic pick-and- 
place systems for economical assem- 
bly. 

Summary 
Since their humble beginnings in the 
1960s, multilayered capacitor ele- 
ments have evolved and are now be- 
ing utilized across a range of stan- 
dard discrete filters, planar arrays and 
surface-mount EMI filters. They of- 
fer the user more stable EMI filter 
performance over temperature, volt- 
age, time and environmental condi- 
tions. 

Higher and higher circuit densi- 
ties and miniaturization will continue 
to create more demand for denser 
planar arrays and the worldwide 
trend toward surface mounting of all 
electronic components will continue 
to drive a need for multilayered sur- 
face-mount EMI components. 
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Filter 
Headacbe? 

Relief is just 
a phone call away 
(937) 667-8484 
If a tough filter problem is giving you a head- 
ache, call Captor. We specialize in custom EMI 
filter designs for those semi-impossible jobs. Our 
total in-house production includes sheet metal 
fabrication, capacitor winding and filter assem- 
bly. Full-load insertion loss capabilities are in 

accordance with MIL-STD-220A or methods 
simulating MIL-STD-461 conditions. 

With recognized experts performing EMI 
conducted and radiated emission tests to MIL- 

STD-461, Captor can provide filters to insure 
compliance in typical "test and fix" times of three 
days or less. 
When that next filter headache starts, remember 
Captor. Relief is just a phone call away. 

CQRPQRATIQN 
5040 S. County Rd. , Tipp City, Ohio 45371 

Phone: (937) 667-8484 FAX: (937) 667-5133 
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