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'CAPACITOR MOUNTING STRUCTURE FOR PRINTED -

CIRCUIT BOARDS

The field of this invention relates to the
mounting structure for a capacitor onto a printed
circuit board in order to minimize parasitic
inductance.

It is well known in the art of printed circuit
board design to utilize capacitors to smooth the
effects of sporadic current peaks and noise which is
typical of electronic circuity. Theoretically, a
capacitor has the characteristic of maintaining a
substantiaily constant voltage while absorbing applied
current changes, which is a typically important
function in cog?hter circuit design where current
surges and peaﬁé'due to noise and the like must be
smoothed to prevent interference with signal
generation. In other words, capacitors are used to
stabilize the supply voltage by compensating for abrupt
current changes. '

However, due to the application of current across
a capacitor, the capacitor generates an inductance
called "parasitic" inductance. And, just as in the
case of an inductor, such parasitic inductance can
limit the rate of current change across the capacitor
and thus cause the'voitage to drop in spite of the’
presence of the capacitor. Further, such parasitic
inductance can change the RF impedance characteristics
of capacitors making them more complex elements in RF
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board design to utilize capacitors to snooth the . effects of sporadic

current peaks and noise which is 10 typical of electronic circuity.
Theoretically, a capacitor has the characteristic of nmaintaining a
substantially constant voltage while absorbing applied current
changes, which is a typically inportant function in conputer circuit
desi gn where current 15 surges and peaks due to noise and the |ike nust
be snoothed to prevent interference with signal generati on.
In other words, capacitors are used to ’ stabilize the supply vol tage
by conpensating for abrupt current changes. 20 However, due
to the application of current across =2= 3 capacitor, the capacitor

generates an i IUGLENEEoquoncy) SR13LatRBABST Lhfon BMEL UG Ly d USt s
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limt the ratecsmPairptad %%rsg%rfﬁmet peieaphves gronss Aiffigwdt hus cause
t he vol tage totdraphiigvepi te of the presence of the capacitor.
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characteristics paci tors ex elements in RF
2 5 capacitor 1nductance. One method is to reduce the

length of conductor traces extending between the
capacitor terminal and the pad of a via. Another
suggestién is the widening of capacitors and traces and
shortening or eliminating traces from the capacitor

10 pads to vias. However, there is a lower limit on
capacitor lengths. For example, if a capacitor is too
short, there is not enough space between the metalized
contacts located at the ends of the capacitors and
solder bridging to the metalized contacts or terminals

15 becomes a problem. Capacitor shortening can also be
difficult where board fabrication processes set the
minimum space between vias, which dictates the minimum
total length for the capacitor and the mounting
structure combined. Increasing capacitor width at

20 minimum length increases space occupied by the
capacitor which uses more board space. In addition,
there is a limit to the ratio of width to length in
capacitor fabrication. Even with maximized capacitor
width, within the practical range of capacitor and

25 trace widths, inductance can only be reduced 30-40%.

This invention is directed to a capacitor mounting
structure for printed circuit boards which
substantially minimizes parasitic capacitor inductance.

30 In the capacitor mounting structure of this invention,
the vias are mounted under the central section of the
capacitor and in genefal alignment with each other.
The pads which electrically attach to the vias include
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(radi o frequency) applications, which nakes design nore conpl i cated

and. perfornmance objectives nore difficult to achi eve.

Met hods have been tried to reduce parasitic capacitor 5 i nduct ance. One
method is to reduce the I ength of conductor traces extendi ng between
the capacitor termnal and the pad of a via. Another suggestion is the
wi deni ng of capacitors and traces and shortening or eliminating traces
fromthe capacitor pads to vias. However, there is a lower limt on 10
capacitor lengths. For exanple, if a capacitor is too short, there

I s not enough space between the netalized contacts |l ocated at the ends
of the capacitors - -and solder bri dgi ng” 30 the nmetalized contacts or
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invention is dire apaci tor r ctur or prlnted
circuit boards wfiush §§O§P&nFPBPF§'t°r5 andihas, Lingkr asst fecerdaci t or

i nduct ance. condubtoR! @uagehOgéﬁezwxpﬁqmramamtboanethpgs&-I S provi ded
2a§22?§5§03%uch |nclu3%;u%k;s§ra§ét£ %?é?% éég E°Qogig§ﬁscﬂaﬂn£ connected
to first and sechWPQ9§ﬁduénthslBnb8t¢¢|Clrc“#ﬂu?qarﬁnted circuit board, the
nmounting structure First, second and third vias are mounted in the
printed circuit board underneath the central dielectric
section of the capacitor. The three vias are in
15 alignment. The two ocutside vias are electrically
' connected to a first via pad while the via located
between the first two vias is electrically connected to
the second via pad, the via pads or footprints being
soldered to the opposing terminals of the capacitor.
20 With positioning of the interdigitated traces and vias
directly under the dielectric section of the capacitor,
the magnetic field which forms between the capacitor
and the traces is confined in a strait formed by the
capacitor and the traces. The higher the ratio of the
25 length of the strait to the narrow dimension of the
strait, the lower the resulting inductance. The
proposed structure minimizes inductance by minimizing
the distance between the capacitor and the traces.
The summary of this invention is not intended to
30 be exhaustive of the patentable features of this
invention, which are set forth in the claims to be read
in view of the specification.
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conpri si ng: a printed circuit board having an upper surface for
recei ving el ectroni c conponents such as capacitors and 35 I ncl udi ng

first and second conductor planes generally . parall el to said upper
surface, one or both of said

conductor planes being inbedded in said printed circuit boar d;

first and second vias nounted in said.-printed circuit board, each of
said vias including a tubular conductor 5 section and a substantially
flat conductor section extending fromone end of said tubular
conductor secti on, said first via being electrically connected to said
first conductor section and said secgAd via being electrically
connected to said second conductor section, said tubular 10 conductor
sections of said first and second vias being posi tioned i nmedi ately

adj acent to each ot hgfgand, SthaSal Qnustrbeeuaqﬁmatal}e hereeehral
dielectric section of % aci I n_use ereb n1n|g12|ng
e

parasitic i nducPafeeing a ?ﬂﬁﬁﬁgi el tﬁ gﬁf?F%ﬁuﬁﬁﬁ?ﬁﬁ' PR3g
The pads may i nehedeimxtlensiiass arer pdsjgtionediawvay from the capacitor

5 terminals; .
| Figs. 2 and 2A-B illustrate a capacitor mounting
structure wherein the vias are located underneath the
capacitor but in a position of non-alignment;
Figs. 3 and 3A~-B illustrate the capacitor mounting
10 structure of this invention; and
Fig. 4 illustrates the minimization of inductance
generated by this invention.

The problem of parasitic inductance in printed

15 circuit board design is well known. Figs. 1 and 1A-B
illustrate a known mounting structure for a capacitor,
which mounting structure creates undesirable levels of
parasitic capacitive inductance. In Fig. 1, the
printed circuit board B is represented by a first or

20 upper conductor plane 10 and a second or lower
conductor plane 11 which, in a well knoﬁn manner,
commonly provide power to the entire board. PCB board
B includes upper non-conducting surface 10a. A first
via 12 is electrically connected to the second

25 conductor plane 11, which may be a voltage or power
plane. The tubular conductor section of via 12 is
shown as extending through an opening 10b in the upper
conductor plane 10, which may be a ground plane, such
that the via is not electrically connected to the

30 ground plane. The tubular conductor section of via 14
is electrically connected to the upper or ground plane
at 10c but extends through opening lla in the voltage
plane 11. The utilization of vias 12 and 14 to provide



provide for interdigitated nounting of the conductor pads to the vias.
Such a capacitor nounting structure includes the follow ng specific
conponents. The capacitor includes a 20 central dielectric section and
first and second opposing termnals. Aprinted circuit board includes
an upper surface for receiving electronic conmponents such as the
capacitors and has first and second conductor planes general ly parall el
to the upper surface, one or both of the 25 conduct or pl anes being

i mhedded in the printed circuit board. Athird via may be
mounted in the printed circuit board underneath the central dielectric
section of the capacitor. The t hr e€" 71 as may be in alignnent. The two
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section of ) capaci tor, € nagnetic orns between the
capaci t of and ¥nfludescaetpdlisnterring ks Lrscapst 168r apd bjp located

at each end of the capacitor. The capacitor middle
section 15C represents the central dielectric portion
as is well known in the art. It is also known to
connect capacitors such as 15 to the printed circuit

10 board B through conductor pads or footprints 17 and 18
which are mounted onto the upper surface 10a of the
printed circuit board. The capacitor 15 is
electrically attached to the conductor pads 17 and 18
utilizing soldering techniques which produce the solder

15 fillets 18 and 19 illustrated in Fig. 1. Electrical
connection from the conductor pad 17a to the via 12 is
provided by conductor line or trace 20. In the similar
manner, a trace 21 extends electrical connection from
the pad 18 tc the via 14. In this manner, the

20 capacitor 15 is mounted onto the printed circuit board
B.

However, the mounting structure illustrated in
Figs. 1 and 1A cause undesirable parasitic inductance
during operation. Referring to Fig. 1, the area which

25 can be considered as generating the parasitic
inductance is located between the vias 12 and 14, above
the ground pilane 10 and below the traces 20 and 21,
conductor pads 17 and 18 and the bottom of the
dielectric portion 15C of the capacitor. This area,

30 defined by the letter I, is the critical region which
causes the generation of parasitic inductance. While
the area I is described as influential on generation of
parasitic inductance, technically, it is the aspect
ratio that must be minimized, which is the width w of

35 capacitor 15 divided by the gap thickness or distance d



3A t he capacitor and the.traces. The higher the ratio of the

| ength of the strait to the narrow di nension of the strait, t he | ower
the resulting inductance. The proposed structure m ni m zes i nductance
by m nim zing the distance between the 5 capacitor and the traces.

The summary of this invention is not intended to be exhaustive of the
patentabl e features of this invention, which are set forth in the
claims to be read in view of the specification. 10

-4- Figs. 1 and Aillustrate a prior art structure

nounting a capacitor onto a printed circuit board wherein the vias
are positioned away fromthe capacitor -6-

between the bottom surface of the capacitor and the
ground plane 10. The aspect ratio w/d is critical
since it describes the effect of the strait on the
magnetic field. As this aspect ratio w/d increases,

5 the reluctance increases, which decreases the parasitic
inductance generated. Stated another way, if the
effect of the distance between capacitor solder pads is
included, maximizing the aspect ratio of capacitor

- width to area I will minimize parasitic inductance of

10 the capacitor.

Such undesirable parasitic inductance limits the
rate of current change in pulse applications. For
example, capacitors 15 are often used to stabilize
supply voltages when the current increases abruptly.

15 The presence of parasitic inductance limits the rate of
current change and causes voltage to drop in spite of
the utilization of capacitorsQ Further, inductance
changes the RF impedance characteristics of capacitors,
making them complex elements in RF applications, which

20 makes design more complicated and performance
objectives more difficult to achieve.

It is known to reduce capacitor inductance by
reducing the length of traces such as 20 and 21 and or
widening the capacitor 15, and even eliminating traces

25 from capacitor pads to vias by placing the via within
the pad.

For example, Figs. 2, 2A and 2B represent one such
solution. The same numbers and letters will be used to
describe the same elements. 1In Fig. 2, the capacitor

30 15 is actually mounted cover vias 30 and 31. Via 30 is
illustrated in connection to power plane 11 and via 31
is electrically connected to ground plane 10.

Referring to Figs. 2A and 2B, a rectangular conductor
pad 30a is mounted over via 30 and similarly, a
35 rectangular connector pad 31a is mounted over via 31. .



5 . termnals; Figs. 2 and 2A-B illustrate a capacitor

nount i ng structure wherein the vias are | ocated underneath the
capacitor but in a position of non-alignnent; Figs. 3 and 3A-B
illustrate the capacitor nounting 10 structure.of this invention; and
Fig. 4 illustrates the mnimzation of inductance generated by this
I nvention. . The probl em of parasitic inductance in printed 15
circuit board design is well known. Figs. 1 and 1A-B illustrate a
known nmounting structure for a capacitor, whi ch nounting structure
creates undesirable | evel s of parasitic capacitive inductance. In
Fig. 1, the printed circuit boar d~B~i s represented by a first or 20

upper conductor plane,_10. ec r . ne 11
which, in a meIFBﬁngﬁﬁagéﬁﬁgréhéé éy“za%%n%%%fén%r%%?d%ﬁgg%%%&%gcgkgyentire
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conductor sectiggaéng?g‘lgﬁéégyith %§Q§%ﬁ Ségéx?eﬁﬁfﬁﬁﬁ?ﬁF%E§%5an openi ng
| Ob in thé& uppefhat theca¥rpclbrdeflimed by, thai growey Blane fbuidagl ane,
sijch ) tha’;)sbhen&iﬁlisaﬁ‘d)ttlﬁ Pttoma k¥ fa68NCE Bt teritia130 ?lround
pl ane. The tu u egtd on_o & 1 | tL] y
connected to thggﬁsﬁggggrgé%%%d&tﬁcages L Xhérf %?alljoecr bau’%esaex h%?lldé&% %r ough
opening 1la in Ehehe¥ntigerig. 1. Fhgnreductipe in|the A¥em Doftoyids 12 and

14 to provide thus reduces the amount of parasitic inductance
10 generated during operation of the circuitry.

Another suggestion to reduce parasitic capacitance
is to increase capacitor width and minimize capacitor
length. However, an increase in the width of the
capacitor increases the space necessary on the surface

15 of the PCB board to accommodate the capacitor.
Further, there is a limit to the ratio of width to
length in capacitor fabrication. Finally with respect
to capacitor width, within the practical range of
capacitor and trace width, inductance can probably only
20 be reduced about 30-40%.

Referring now to Figs. 3 and 3A-B, the capacitor
mounting structure generally designated as 40 for
minimizing parasitic inductance is illustrated. As
before, the same numbers will be used to identify the

25 same elements. Thus the PCB board generally designated
as B includes the ground plane 10 and power plane 11
and has upper surface 10a. Three vias 41, 42 and 43,
are positioned in substantially straight line alignment
as illustrated in Fig. 3B and are located éubstantially

30 adjacent to each other in a row, which row is
approximately aligned with the centerliine 50 of the
capacitor 15. The vias 41-43 alternately electrically
connect to either ground plane 10 or voltage plane 11.
As illustrated in Fig. 3, tubular section of via 43 is

35 electrically connected to the voltage plane 11 and



-5-. el ectrical connection to various conductor or ground

planes in a printed circuit board is well known. The capacitor
I5 is illustrated as bei ng nmounted in between the vias 12 and 14.
The capacitor 15 5 includes netallic termnals or caps 15a and 15b

| ocat ed at each end of the capacitor. The capacitor niddle

section 15C represents the central dielectric portion as is well
known in the art. It is also known to connect capacitors such as 15
to the printed circuit 10 board B t hrough conductor pads or footprints
17 and 18 whi ch are nmounted onto the upper surface 10a of the
printed circuit board. The capacitor 15 7% electrically attached to

P oo b oL faferkle Welp, ey gpedlid (4 e BT BRSO el 1
Electrical tub%%ﬂﬁuﬁﬁﬁﬁéﬁnfPénY%he4%c#ﬁhﬁiﬁﬂtq@§§117acPB“FﬁEe@|%P12 i's
provi ded by conghetdfoundlahet 16C&nd lextidhdshahFiolighaan opening in
the power plane 11. Though not shown, via 41 is
5 electrically connected to the power plane 11.

The conductor pad or footprint 44 for via 42 is
generally T-shaped and includes a central rectangular
portion 44a formed with an extension or finger portion
44b, which extends into attachment to the top of the

10 via 42.

The conductor pad 45 for vias 41 and 43, is
generally U-shaped. A central rectangular portion 45a
includes first and second extensions or fingers 45b and
45c which extend into connection with vias 41 and 43.

15 A U-shaped recess is formed between the conductor pad
extensions 45b and 45c. The conductor pad U-shaped
recess formed between conductor pad extensions 45b and
45¢c receives the extension 44b for conductor pad 44.
In this manner, the conductor pad extensions are

20 interdigitated with respect to each other, so that
effective electrical connection can be made with the
vias 41-43 in substantially a straight line.

The capacitor end metal caps 15a and 15b are
soldered onto the rectangular portions 45a and 44a of

25 the pads, respectively. The solder pads 47 and 48 are
applied as thinly as possible, such that there is
little separation or thickness d" between the capacitor
bottom surface and the conductor pads. In this manner,
the cross-sectional area I" between the conductor pads,

30 the solder peints 47 and 48 and the bottom of the
central capacitor section 15C is minimized in area,
thereby minimizing the distance d" between the bottom
of the capacitor and the pads 44 and 45 wherein
parasitic inductor can be generated. Reduction of the

35 distance d" between the conductor pads 44 and 45 and



manner, a trace 21 extends el ectrical connection from the pad 18 to

the via 14. In this manner, the 20 capacitor 15 is nounted onto the
printed circuit board B. However, the nounting structure
illustrated in Figs. 1 and 1A cause undesi r abl e parasitic inductance
during operation. Referring to Fig. 1, the area which 25 can be

consi dered as generating the parasitic I nductance is | ocated between
the vias 12 and 14, above - the ground plane 10 and bel ow the traces
20 and 21, conductor pads 17 and 18 and-the bottom of the

dielectric portion 15C of the capacitor. This area, 30 defined by the
letter I, is the critical region mhich -9- causes the generation of
parasitic inductance. area | is _described as influential

on generation ofhe b°tt°5a?§s?’%? ccqﬂﬂﬁ?&%'néé maxinizes | the aspect the aspect
rati o that nust raeini andi mbdlimides tle deneratdbh of ofndictanceapgci t or 15

divided by the gap;hRbekDess1 9tdl8.2"4& Qs noted that placement of
the conductor pads under the central section of the

5 capacitor 15 also acts to reduce thickness d4".

Referring now to Fig. 4, the effect of the

constriction on parasitic inductance generating region
is illustrated. Constricting the field lines increases
the reluctance of the magnetic path which in turn

10 reduces magnetic flux and thus reduces inductance.

Further, the interdigitated vias formed by pad

extensions 45b and ¢ and 44b form a low inductance
structure. It is believed that the insertion of the
via 42 between vias 41 and 43 reduces inductance by a

is factor approaching 50%. A designer might typically add
a pair of opposing vias (connected to ground and
voltage planes) to reduce inductance roughly S0%;
however, the proposed structure of Fig. 3 achieves the
same benefit with only 3 vias instead of 4.

20 It is further contemplated that, while the
capacitor mounting structure 40 of Fig. 3 shows 3 vias
in alignment, any number of vias could be added in a
line, such that current would be returned under the
capacitor in a position complementary to the current

25 flowing through the capacitor, which minimizes
parasitic inductance. It is contemplated that more
vias may be utilized as smaller geometries become
feasible. These concepts can be applied to circuit
boards of various manufacture, whether printed or not.

30 The advantages of this invention are many.
Reducing the number of capacitors for a particular PCB
will save money in the number of capacitors used as
well as the number of solder points needed. Reduction
in the number of capacitors can also increase lay-out

35 flexibility and even reduce the over-all size of the



between the bottom surface of the capacitor and the ground pl ane 10.
The aspect ratio wd is critical since it describes the effect of
the strait on the magnetic field. As this aspect ratio wd

i ncreases, 5 the reluctance increases, which decreases the parasitic

i nduct ance generated. Stated another way, if the effect of the

di stance between capacitor solder pads is i ncl uded, maxi m zing the
aspect ratio of capacitor width to area | will mninmze parasitic

i nduct ance of 10 t he capacitor. : Such undesirabl e parasitic

i nductance limts the rate of current change in pul se applications.
For exanpl e, capacitors 15 are of te®-used to stabilize supply
vol t ages when the current increases abruptly._ 15 The presence of
parasitic induct BfiEePPATH tReQIRs s oA§ 3P example of ‘tha sdgmiddcangecalises
voltage to drop thispipeemfion, in onkecemample atPCB aifrcvdtayi using Furt her,
i nduct ance a I Qpe r rdeStdo pagi tors,
maki ng t hem coonlelgge e n%islﬁ} ?%%Fggp%??%g%?g%s, \kﬁijcfﬁ dfg’%cqftr?%geggdési gn
more conpl i cat edSSRYEPEIIMMAIARSIIN of Figp; L ¥as stitihld6&)icapREitPrEe
achieve. 5 The | Sodagnimgt disellasere agrad idemcriptionhaece thy
reducing the |enﬂﬁ@eﬁii6ﬁfﬂ¥35fif@%t?ﬁtggeagﬂd%éqﬂ?ﬁgﬁ?ggbthere@%degﬁgg the

capacitor 15, and even elimnating.traces 25 acitor pads to
vias by placing YRE*NS changes in the gfze,shape, materialsgy, eyanp| e,
Figs. 2, 2A and oGmpepentseniciommitueliements, wixtirng ewonnietisaseandanbers and
leiters vill be 4sthis, as weldS! kRCChBSSHPIFI AR 1 s gead  Lhe
capaci tor go 15 is dbtual%y nount ed over vias 3 an§§§%. ?gfgtgﬁ is
1 circuitry and construction and method of operation may
be made without departing from the spirit of the

invention.



illustrated in connection to power plane 11 and via 31
electrically connected to ‘ground plane 10. Referrin
2B, a rectangul ar conduct or pad 30a is nDunte
simlarly, a 35 rectangul ar connector pad 3la is:
The nmetalized ends or caps 15a and 15b are electrically
t he conduct or pads 30a and 30b, respectively, b
by sol dering points 32 and 33. Referring now to

rrln“r“ﬁrgs—~2A and

AN,

y’ solder represented
Fig. 2, it can be

seen 5 that the area |I' defined by the ground plane 10, vias 30

and 31, and the bottom surface of the central o
Is a much smaller area than area | shown in Fig.
the area | to'l"’ t hus reduces the~a&bunt of par
generated durin Qperation of the circuitry.
suggestion to rEH@E& arasitic capacitance

apacitor section 15c
1. The reduction in
asitic inductance 10
Anot her

1 1. A capacitor mounting structure for printed
2 circuit boards wherein the capacitor includes first and
3 second te:minals which are connected to first and
4 second conductor planes in the printed circuit board in
S- a manner to minimize parasitic inductance, comprising:
6 a capacitor including a central dielectric
7 section and first and second opposing terminals;
8 a printed circuit board having an upper
9 surface for receiving electronic components such as
10 capacitors and including first and second conductor
11 planes generally parallel to said upper surface, one or
12 both of said conductor planes being imbedded in said
13 printed circuit board;
14 first and second vias mounted in said printed
15 circuit board, each of said vias including a tubular
-16 conductor section and a substantially flat conductor
17 section extending from one end of said tubular
18 .conductor section, said first via beiné electrically
19 connected to said first conductor section and said
20 second via being electrically connected to said second
21 conductor section, said tubular conductor sections of
22 said first and second vias being positioned immediately
23 adjacent to each other with said capacitor being
24 mounéed onto said conductor sections with said first
25 and second terminals of said capacitor being
26 electrically connected to said first and second
27 conductor sections of said vias thereby minimizing
28 parasitic inductance associated with said capacitor.
1 2. The structure set forth in claih 1, including:
2 a third via mounted in said printed circuit
3 board in addition to said first and second vias;
4 said first conductor section including two
5 conductor extensions, said extensibns being spaced

———
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IS t.o increase capacitor width and m nim ze capacitor | engt h.
However, an increase in the width of the capacitor- i ncreases the

space necessary on the surface 15 of the PCB board_La‘agggﬂnQ%g%gqghg
capaci tor. Further, there is a limt to the ratio of wdt 0
length in capacitor fabrication. Finally with respect um b, Or
width, within the practical range of capaci to# ,mmm,mﬂm

i nduct ance can probably only 20 be reduced about 30-409%6 L & s
Referring now to Figs. 3 and 3A-B, the capacitor mounting structure
general |y designated as 40 for m ni m zing parasitic inductance is
illustrated. As before, the sane nunbers will be used to identify
t he 25 sane el ements. Thus the PCBWéard general |l y desi gnated

as B inclyudes t o] p e has upper
surface 10a. Thr a"gé a%éif% t%ﬂx? l}‘%daﬁg 8')(\&Eupl‘%rrle cg?é’é‘e Ci tcl)ﬁgdaggh

substanti @l |y s??%ﬂgﬁﬁrﬁﬁ ndathirdeNias; as illustrated in Fig. 3B and
are | ocated substanti al | sai@ secoadj aﬁﬁcmctdr Gs’tﬁitl@hh&hclmd&nqoa\n whi ch row

ic:tpam tOI’ appr ?%LM I as 4?}&}%@1%'(1{%1_ glgféyc Jal réﬁnﬁgc@;ohhslOl’lI’I(E,‘Ct to

ei t her gFBund [ﬁ%&ﬁaﬁﬁFQﬂd-W@Pté&eapﬂaﬁé jan between ﬁélﬂlﬁa§§Fated in Fig.

3, tubulaz sectecamauwdtot zebtioh SRtensicéhectrically connected to the
vol tage plane 11 .and

1 3. The structure set forth in claim 2, including:
2 said spaced apart extensions of said first
3 conductor section and said one extension of said second
4 conductor section being substantially interdigitated.

4. The structure set forth in claim 2, including:
said first, second and third vias being in
substantial alignment.

5. The structure set forth in claim 1, including:
said first conductor section being U-shaped
to provided opposing, spaced apart mounting digits;
said second conductor section including a
digit interposed between said spaced apart mounting
digits of said first conductor section. |

O U e W N

6. The structure set forth in claim 1, including:
8 said capacitor having a bottom surface;
9 the distance between said conductor sections
10 and said bottom surface of said capacitor provides a
11 minimum distance subject to parasitic inductance.

_ 7. The structure set forth in claim 1,
including:

said capacitor central dielectric section
being positioned over said first, second and third
vias, which are approximately aligned with the
centerline of the length of 'said capacitor.
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extends through an opening in the grbuhd;pfane'lo. The t ubul ar

section of via 42 is electrically: Connected to t he ground plane 10
and ext ends through an opening in t he power plane 11. Though not
shown, via 41 is 5 electrically connected to the power plane 11.

The conductor pad or footprint 44 for via 42 is general ly T-shaped
and includes a central rectangul ar portion 44a formed with an
extension or finger portion -4%H - whi ch extends into attachment to
the top of the 10 via 42. The conductor pad 45 for vias 41

and 43, is anqul ar portion 45a
i ncludes first aﬁgﬁgg§%ﬁ£ ééﬁéiﬁﬁ%& ggé%aéoéS%Rﬁ ﬁ 45c¢ whi ch
extend into connection mnth vi as 15 A U shaped recess is
formed between the conductor pad extensi ons 45b and 45c. The
conduct or padABSERAgped recess forned between conductor pad

ext ensi ons 45b and 45c receives the extension 44b for conductor pad
44, In this nmanner, the conductor pad extensions are 20

interdigitated wthareapaeitde Bafitird @trustureator printedfentdusa

el ectrical conQEg&hgn ﬁQPFPﬁ EEngQ%éékéayaLﬁgludestQ sél é% éé%

substantially a g caps 15a
and 15b are ternggp &r vhightare H-‘é"f'ﬁﬁtzﬁ?gGPalflﬁéFt PBﬁssﬁ'B‘am&nd 44a of

conductor planes in the printed circuit board. Three
5 vias are mounted in the printed circuit board in a

position to be aligned with the middle of the
capacitor. A first conductor pad is mounted underneath
one end of the capacitor and includes spaced apart
extension portions which electrically attach to the

10 first and third via. A second conductor pad is mounted
under the other end of the capacitor and includes a
central extension portion which attaches to the second
or middle via. 1In this manner, the region available
for generation of parasitic inductance is minimized

15 thereby increasing the operating efficiency of the
cap&citor.

(Figure 3A)



25, the\pads, respectively. The solder pads 47 and 48 are appl i ed

as thinly as possible, such that there is little separation or
thi ckness d" between the capacitor bottom surface and the conductor
pads. In this nmanner, the cross-sectional area |I" between the
conductor pads, 30 the sol der points 47 and 48 and the bottom of the
central capacitor section 15Cis mnimzed in area, t her eby
m nim zing the distance d" between the1b tom of the capacitor and
t he pads 44 and 45 wherein par asi'tYi€ i nductor can be generated.
Reduction of the 35 di stance d" between the conductor pads 44 and 45 and
-9- the bottom of the capacitor 15 maxi m zes the aspect
ratio and mnimzes the generation of inductance by maxi m zi ng
reluctance. It is noted that placenent of t conduct or pads under
the central section of the 5 capacitor 15 also acys to reduce thickness
d". '
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Ref.erriing now to Fig. 4, the effect of the constriction on parasitic
i nduct ance generating region - is illustrated. Constricting the field
I'i nes increases the reluctance of the magnetic path which in turn 10
reduces magnetic flux and thus reduces inductance. Further, the
interdigitated vias fornmed by pad extensions 45b and ¢ and 44b form
a | ow i nduct ance structure. is believed that the insertion of the
via 42 between vias 41 and 43 reduces |n2 ance by a 15 factor
approaching 50% A designer mght typic Vﬁi add a pair of opposing
vias (connected to ground and vol tage planes) to reduce inductance
roughly 50% however, the proposed structure of Fig. 3 achieves the
sanme benefit with only 3 vias instead of 4. 20 It is further
contenpl ated. that, while the capaci tor mounting structure 40 of Fig.
3 shows 3 vias in alignnment, any nunber of vias could be added in a
line, such that current would be returned under the capacitor in a
position conplenmentary to the curren fl owi ng through the capacitor,
whi ch mnimzes par asi tJ enpl ated that nore
vias may be utilized as snal feasi bl e. These
concepts can be applied to/f£i i ous manuf acture,
whet her printed or not. 3(Q hi9<rnvention are
ticular PCB

many. Reduci ng the j

w |l save noney in the nu ‘ wel | as the
nunber of sol der points needed. Reduction i nu of capacitors
can al so i ncrease | ay-out \35 &xi bili j edue€ the over-all

size of the
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3B
\42
3

oo o TR IOOCK, OO

FIG.




RS

11" CLAI M5 1. ‘A cap

SPLACEMENT SHEET

.Structure for printed circui-t boards, for a capaci} of—t3+b3

includes first and 5 second term nals (15a, 15b) which e _connected tjo f
first "~ (10) and second (11) conductor planes in t r 2/} QAT 1997
circuit board, the nmounting structure conpri sing: a printed

circuit board having an upper surface for 2 receivirng electronic
conponents such as capacitors and 10__including first—aRd—secand
conductor pl ar(é'§dl(°4_5§lzﬁ¥;uencyl_geﬁEP&PP?téa_ﬂ&I:I _é\{hthi’l s%@%pé_@ﬁlgﬁi_r Qe
one or both of compiS¥lateONHL PérPbrneicdeoByetiDoddetora Wit I &b
circuit board, \ first and second vias (41,42) nounted in said
printed 15 ci A8 ¥ VBoard, each bf said vias including a tubul ar
conductor section amdtholishhbaet bakhytiliatll tontkedics parassitic @apdifsi ng
from one epd of; i ular _c o} | O saj | r Vi 1

bei ng el ecfri cari ycgg%’#e%ét gée Rgg#;g)&s%sl (]:% if s%gc?oggﬁc?%r?giéc?# ocr?%% d
sai d second vi &r2@es ¢xgpndnggbetveeniths [capastitast sgrmanadi angdetheadad

conductor —  3gChi 9ha(4AhotAEIshybuL LT of ODLUBIOy S84 1 Y oLl G dddst
and second vias being positioned infrediately adhacent to _
and traces and shortening or eliminating traces from the

capacitor pads to vias. However, there is a lower limit on
10 capacitor lengths. For example, if a capacitor is too
short, there is not enough space between the metalized
contacts located at the ends of the capacitors and solder
bridging to the metalized contacts or terminals becomes a
problem. Capacitor shortening can also be difficult where
15 board fabrication processes set the minimum space between
vias, which dictates the minimum total length for the
capacitor and the mounting structure combined. Increasing
capacitor width at minimum Jlength increases space occupied’
by the capacitor which uses more board space. In addition,
20 there is a limit to the ratio of width to length in
capacitor fabrication. Even with maximized capacitor width,
within the practical range of capacitor and trace widths,
inductance can only be reduced 30-40%.
This invention is directed to a capacitor mounting
25 structure for printed circuit boards which substantially
minimizes parasitic capacitor'inductance.
According to the present invention, there is provided
a capacitor mounting structure for printed circuit boards,
for a capacitor which includes first and second terminals
30 which are connected to first and second conductor planes in
the printed circuit board, the mounting structure
comprising:
a printed circuit board having an upper surface for
receiving electronic components such as capacitors and
35 including first and second conductor planes generally
parallel to said upper surface, one or both of said

. W,
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‘each other and so as to.be underneath the central rPLAUEMEN
the capacitor (15) in use, thereby 25 mnimzing parfagrtric—rducteyc

associated wth said capacitor in use. 2. 1 %h

forth in claim1, including: athird via (43) o %ggﬁgfhﬂéal
printed circuit board 30 in addition to said first (41)

vias and posi ti oned underneath the gentral dieledtric section of the .
capacitor (15) in use; said first conductor settTom(#5—tretatli ng
t wo condoatlactext grisiness ¥dbhg 43mpeddedd iaxt embd opy ibsedg G5 cwitaced
apart and extendiing into electrical connection with - said first (41)

and third (4 ? VI as;

sai d second condu@ﬂﬁﬁtsébdl§ﬁ09ﬂd)vlﬁ€I@@W?EFdf&P Sald(ﬁ&kﬁﬁﬁ@ﬂ?%@ﬂﬂﬂt

ext endi ng i npgaehectdddifl ofORAH | Pl iRcludingdidl €aBANErVicbrdwta a

Iocatlon bet ween .sai d flrst cond
section and substangféfiysegiagn %é% ﬂ%%%@ﬁ 45 fg%» >

extending from one end of said tubular conductor section,
said first via being electrically connected to said first
conductor section and said second via being electrically
connected to said second conductor section, said tubular

10 conductor sections of said first and second vias being
positioned immediately adjacent to each other and so as to
be underneath the central dielectric section of the
capacitor in use, thereby minimizing parasitic inductance
associated with said capacitor in use.

15 The pads may include extensions or digits which
provide for interdigitated mounting of the conductor pads
to the vias. ’

Such a capacitor mounting structure includes the
following specific components. The capacitor includes a

20 central dielectric section and first and second opposing
terminals. A printed circuit board includes an upper
surface for receiving electronic components such as the
capacitors and has first and second conductor planes
generally parallel to the upper surface, one or both of the

25 conductor planes being imbedded in the printed circuit
board.

A third via may be mounted in the printed circuit
board underneath the central dielectric section of the
capacitor. The three viés may be in alignment. The two

30 outside vias may be electrically connected to a first via
pad while the via located between the first two vias may be
electrically connected to the second via pad, the via pads
or footprints being soldered to the opposing terminals of
the capacitor. With positioning of the interdigitated

35 traces and vias directly under the dielectric section of
the capacitor, the magnetic field which forms between the

capacitor and the traces is confined in a strait formed by
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:3. The structure set forth in claim2, wherein said spaced apart

ext ensi ons (45b, 45c) of said first conductor section (45) and said one
extensi on (44b) of said second conductor section (44) are
substantially interdigitated. 10 4. The structure set forth in claim
2, wherein said first (41), second (42) and third (43) vias are in
subst anti al al i gnnent . 15 5. Th® structure set forth in claiml
or claim2, wherein said first conductor section (45) is U-shaped to
provi de thgpespagitopaced &bhsr trases.i Mredindighen 43te 45dio amtl the

sai d second gengest 8¢ €R&1dOMa{d4o 't'?x@ HQ%%o% Q!\.ﬂéhs:.on of 44 éﬂ(}t @Osed
bet ween sai d ﬁpaced apart nounti of sard first con

n 20
secti on. 6owexhHEh §tF%€?bFég§e%§aﬁﬁ¥%P?% d?Qﬁrﬁ?EPQQﬁ§e§§¥u°ture
sai d capaci tmlinﬁ.ili)zebaﬁndubﬁahem Isyinfiatieni Ay the distantBcoditwéan Ghe
bet ween gal d ggwg Ler 5 &_Ih%n% g44 45) 25 and said bottom surface of
sai d capaC|tor en nDun use provides a m ni mum di stance subj ect
to parasitic Thedsotmaasy. of this 7invaheienrist oot ietehdetthtond aim 1

or claim 2, mgéﬁglel%g off h(ﬁléll en ﬁbf% ﬁ;jg upPLE g@prt%_l ng)tng}vﬁy]n&orgned

with the centerline of the sal capaci t
mounted in uyglch are set forth in e claims to be read in view of the

specification.
10
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L -12- 6 apart and ext ending into electrical connection with 7 sai d
first and thite—as sai d second conductor sect+en— -

i ncl udi ng PEACENE%E&SHEEBﬁ extending into electrlcal'c with 10
sai d secon ia at_a lrocat] oh between said first 11 mﬂl ["IH””H,
ext ensi ons 219 oCT 1997 B.1 The structure set forth |n c al ,I

I ncl udi ng: bai d spacedigpart extensions of said flrst

conductor ge ohe extension of said second 4 conductor"'
section beifng substantially |nterdigi CIAIHS 1 4. The structure
set forth immcrarm 2, 1rnclruding: 2 said first, second and
third vias being in 3 substantial alignnent.

1. A capacitor mounting structure for printed circuit

boards, for a capacitor (15) which includes first and

5 second terminals (15a,15b) which are connected to first

(10) and second (11) conductor planes in the printed
circuit board, the mounting structure comprising:

a printed circuit board-having an upper surface for

receiving electronic components such as capacitors and

10 including first and second conductor planes (45,44)

' generally parailel to said upper surface, one or both of

said conductor planes being imbedded in said printed

circuit board;

first and second vias (41,42) mounted in said printed

15 circuit board, each of said wvias including a tubular

conductor section and a substantially flat conductor

section extending from one end of said tubular conductor

section, said first via (41) being electrically connected’

to said first conductor section (45) and said second via

20 (42) being electrically connected to said second conductor

section (44), said tubular conductor sections of said first

and second vias being positioned immediately adjacent to

each other and so as to be underneath the central

dielectric section of the capacitor (15) in use, thereby

25 minimizing parasitic inductance associated with said

capacitor in use.

2. The structure set forth in claim 1, including:
a third via (43) mounted in said printed circuit board.
30 in addition to said first (41) and second (42) vias and
positioned underneath the central dielectric section of the
capacitor (15) in use;
said first conductor section (45) including two
conductor extensions (45b,45c), said extensions being
35 spaced apart and extending into electrical connection with
said first (41) and third (43) vias;
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1 53p T fmthindaHnLlnCU| -€-~h_
said first co @@mgﬁ ng U-shaped 3 to WE% Im

spaced apart fpopnting digits; said s

secti-on incl upi hg 20 08T 1992i df t] i nt er posed between sai 8 s<pa ae

mounting 6 di gits of said fji rst conductor section.

The structurejset torth n clraijml1, ingading: 8 said
capaci tor having.a botfom surfdce; 9 t he di stance between

said conductor sssidonsecdfd camibhotor FEdCmsU(a)e dihcdadd ngapaai t or -
provides a Jdyong ! pvg%gtgﬁegﬁsfﬁybaq% b9eBEfShiT EOhHQ§‘EE@EC€71th

7. The stTucture se
sai d capacisatd cescoad dvitd edtéic dechi o’rPQFitJ-OIbePﬁBW$§§| tSied fdvst said

first, secafdhdieidPi £8cOion ¥kBensyBhEh(8sB, 2685 oxi mately aligned with the
6 centerllne of the length of said capacitor.
3. The structure set forth in claim 2, wherein saiad
spaced apart extensions (45b,45c) of said first conductor
section (45) and said one extension (44b) of said second
conductor section (44) are substantially interdigitated.

10
4. The structure set forth in claim 2, wherein said first
(41), second (42) and third (43) vias are in substantial
alignment.

15 5. The structure set forth in claim 1 or claim 2, wherein

said first conductor section (45) is U-shaped to provide
opposing, spaced apart mounting digits (45b,45c), and
said second conductor section (44) includes a digitl
(44b) interposed between said spaced apart mounting digits
20 of said first conductor section. .

6. The structure set forth in claim 1, wherein
said capaditor (15) has a bottom surface, and
the distance between said conductor sections (44,45)
25 and said bottom surface of said capacitor when mounted in
use provides a minimum distance subject to parasitic
inductance.

7. The structure set forth in claim 1 or claim 2, wherein:

30 the wvias (41,42,43) are approximately aligned with the
centerline of the length of said capacitor (15) when
mounted in use.
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