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METHOD AND STRUCTURE FOR REDUCING 
POWER NOISE 

PRIOR FOREIGN APPLICATION 

[0001] This application claims priority from European 
patent application number 991254624, ?led Dec. 21, 1999, 
Which is hereby incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

[0002] The present invention relates in general to the 
reduction of poWer noise. In particular, it relates to such a 
reduction in the mid- and high-frequency range. Still more 
speci?cally, the invention relates to a pad-via con?guration 
for SMT decoupling capacitors. 

BACKGROUND ART 

[0003] Due to the groWing compleXity of semiconductor 
devices the total amount of sWitching current needed by the 
logic devices increases. As a result the simultaneous sWitch 
ing noise increases also and results in a sloWer Working 
logic, in a sloWer cycle time and thus in a decreasing system 
performance. In order to yield a higher system performance 
one goal of modern system designs is to stabiliZe the 
voltage. It is knoWn that a stabiliZed voltage can be obtained 
With the help of decoupling capacitors mounted on MCMs, 
cards and boards. HoWever, the higher poWer noise com 
bined With a loWer operating voltage of the semiconductor 
devices results in a groWing number of capacitors needed for 
decoupling purposes. This results in additional problems: 

[0004] large areas on MCM, cards and/or boards 
needed for capacitor placement and With a groWing 
distance of the capacitor to the noise source the 
effectiveness of the capacitor is decreased 

[0005] reduced placement area for capacitors, due to 
a higher component integration factor on cards/ 
boards 

[0006] groWing costs for assembled components, due 
to a higher number of components and increase of 
manufacturing time (drilling of via holes, component 
placement, edging, etc.) 

[0007] Wiring problems on cards/boards, due to an 
increased number of poWer/ground vias as Well as a 
possibly increased signal delay, decreased cycle 
time, increased number of card/board layers and 
decreased system performance 

[0008] decreased effective copper on poWer and 
ground layers, due to an increased number of via and 
clearence holes; increased DC resistance of poWer 
and ground planes; increased DC voltage drop on 
card/board betWeen voltage source and logic; 
decreased system performance. 

[0009] In order to make all the capacitors as effective as 
possible the charge of the capacitors must be provided as fast 
as possible to the noise source. Therefore the internal 
inductance of the capacitor as Well as the path inductance 
(capacitor to noise source) must be kept as small as possible. 
Due to these restrictions the capacitor must 
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[0010] be placed as close as possible to the noise 
source; 

[0011] have a small internal inductance; and 
[0012] have a small inductance of the capacitor pad 

and the via connecting the pad to the voltage and 
ground plane. 

[0013] Decoupling capacitors are used to provide a short 
term current source or sink for the circuitry in an effort to 
provide a stable poWer supply. For eXample, the decoupling 
capacitors act as a storage device for electrical charge Which 
can provide a short term current source for the circuitry. 

[0014] It is Well knoWn in the art that capacitors With a loW 
capacitance value may be used as a high frequency noise 
?lter, and capacitors With a high capacity value may be used 
as a loW frequency noise ?lter. 

[0015] Typically, decoupling capacitors are placed as 
close as possible to the circuitry so as to increase their 
effectiveness. Thus, US. Pat. No. 4,654,694 discloses side 
connections to place a capacitor in close proXimity to a chip 
or, alternatively, to a chip and GND/PoWer I/O. By this 
technique, the effective inductance of the poWer paths is 
minimiZed. 

[0016] In some instances, decoupling capacitors have been 
placed Within the package containing the integrated circuit. 
Thus, US. Pat. No. 4,945,399 describes a semiconductor 
chip carrier including a plurality of distributed high fre 
quency decoupling capacitors as an integral part of the 
carrier. The distributed capacitors are formed as a part of the 
?rst and second layers of metallurgy and separated by a layer 
of thin ?lm dielectric material. 

[0017] US. Pat. No. 5,132,613 discloses an integrated 
circuit test structure including individual layers of a person 
aliZation substrate and decoupling capacitors, Whereby said 
decoupling capacitors are electrically coupled to the metal 
lines in close proximity, the personaliZation substrate 
thereby minimiZing the associated lead inductance and thus 
maXimiZing the effectiveness of the decoupling capacitors. 

[0018] Although there are some advantages in using 
capacitors With a loW internal inductance, a great disadvan 
tage is the also loW capacitance of the capacitor itself (loW 
inductance is only available With loW capacitance). One 
further disadvantage is the decreased effectiveness of the 
loW inductive capacitor that is limited by the inductance of 
the mounting pads together With the vias of the capacitor. 

SUMMARY OF THE INVENTION 

[0019] It is therefore an object of the present invention to 
provide a method for minimiZing sWitching noise in the 
high- and mid-frequency range on printed circuit cards or 
boards by means of several surface mount decoupling 
capacitors, Whereby the parasitic inductance of the pads and 
vias is minimiZed. 

[0020] It is a further object of the present invention to 
increase the effectiveness of the decoupling capacitors, to 
reduce the voltage drop and to increase the overall system 
performance. 
[0021] These and other objects and advantages are 
achieved by a method for minimiZing sWitching noise in the 
high- and mid-frequency range according to aspects of the 
present invention. 
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[0022] Advantageous embodiments of the method accord 
ing to the invention are laid doWn in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The subject matter Which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
claims at the conclusion of the speci?cation. The foregoing 
and other objects, features, and advantages of the invention 
are apparent from the folloWing detailed description taken in 
conjunction With the accompanying draWings in Which: 

[0024] FIG. 1 shoWs the common pad and via design 
according to the state of the art; 

[0025] FIG. 2 depicts the design according to FIG. 1 in a 
three-dimensional vieW; 

[0026] FIG. 3 is a tWo-dimensional vieW of multiple 
capacitor pads With vias and mounted capacitors according 
to the state of the art; 

[0027] FIG. 4 shoWs the arrangement of FIG. 3 in a 
three-dimensional vieW; 

[0028] FIG. 5 is a tWo-dimensional vieW of the capacitor 
pad and via con?guration according to the invention; 

[0029] FIG. 6 depicts the con?guration of FIG. 5 in a 
three-dimensional vieW; 

[0030] FIGS. 7 and 8 shoW another con?guration accord 
ing to the invention, providing multiple decoupling capaci 
tors; 

[0031] FIGS. 9 and 10 shoW still another con?guration 
according to the invention; 

[0032] FIGS. 11 and 12 shoW yet another con?guration 
according to invention; and 

[0033] FIG. 13 is a graph shoWing a comparison of the 
simulated loop inductance for a group of three capacitors 
using state of the art con?guration and the con?guration 
according to the invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0034] In FIG. 1 the common pad and via design (as 
normally recommended by the capacitor vendor) is shoWn as 
a top vieW draWing in combination With one mounted 
capacitor. FIG. 2 shoWs the same pad and via con?guration 
With the mounted capacitor in a three-dimensional vieW. The 
siZe of the pad 2 itself is mainly driven by the siZe of the 
capacitor body 4 and by manufacturing especially soldering 
recommendations. As recommended the vias 6 are placed 
outside the soldering area 8 of the pad. As shoWn in FIGS. 
1 and 2 the center to center distance “D” of the vias is large. 
Each pad 2 of the capacitor 4 is connected With a via 6 to 
poWer and ground respectively (not shoWn). 
[0035] In order to be able to use multiple surface mount 
capacitors the capacitors are mounted side by side on pads 
With a safety distance Which is speci?ed by automatic 
placement restrictions. FIG. 3 shoWs a tWo-dimensional and 
FIG. 4 a three-dimensional draWing of multiple capacitor 
pads 2 With vias 6 and mounted capacitors 4. 

[0036] The neW capacitor pad and via con?guration 
according to the invention is shoWn in FIGS. 5 and 6, 
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respectively. The main differences betWeen the old pad via 
con?guration as shoWn in FIGS. 1 and 2 are the pad siZe, 
the distance betWeen both pads and the via location and thus 
also the center to center distance “D” of the vias 6. As 
compared to the state of the art, the pads are noW enlarged 
in, the vias thereby being arranged in close proximity to the 
respective capacitors. In order to minimiZe the loop induc 
tance of the pads and vias the pad via con?guration has to 
meet the folloWing requirements: 

[0037] 
vias 6 

[0038] The reason is that the smaller the distance the 
higher the mutual coupling betWeen the vias and the loWer 
the loop inductance 

minimum center to center distance “D” of the 

[0039] minimum distance “P” betWeen both capaci 
tor pads 2 

[0040] The reason is that the smaller the distance betWeen 
the pads the smaller the distance of the vias 

[0041] minmum distance “C” betWeen the vias 6 and 
the contact point betWeen the capacitor 4 and the pad 
2 

[0042] The reason is that the smaller the distance the 
smaller the loop inductance. 

[0043] A further reduction of the loop inductance of the 
pad via con?guration as shoWn in FIGS. 5 and 6 can be 
achieved by: 

[0044] 1. enlarging the Width of the pad 2 and adding 
a second via pair on the left side of the capacitor (cf. 
FIGS. 5 and 6), so that a structure results Wherein 
vias and capacitors are arranged alternatingly; 

[0045] Thus, by paralleling the vias, the inductance L is 
decreased. 

[0046] 2. using multiple vias on one pad in a roW; 

[0047] Here, paralleling the vias leads to a decrease in 
required ?oor space compared to 1. 

[0048] 3. using a larger via diameter; 

[0049] 4. using a larger pad siZe; 

[0050] Points 3 and 4 result in a decreased inductance L. 

[0051] 5. placing the vias under the capacitor body; 

[0052] This, as Well as point 2, results in a decrease in 
rquired ?oor space and the minimum space leads to a 
minimum inductance. 

[0053] In order to use multiple surface mount capacitors 
for decoupling purposes of one voltage the capacitors can be 
mounted on capacitor pad lines as shoWn in FIGS. 7 and 8. 
The distances “B” betWeen the capacitor bodies remain the 
same as in FIG. 2, being determined mainly by the assembly 
tool used. The vias 6 are placed in the area betWeen the 
capacitors 4 With a minimum center to center distance “D” 
of a via pair. The distance “P” betWeen the pad lines is also 
reduced to a minimum. 

[0054] Afurther improvement of this structure is shoWn in 
FIGS. 9 and 10 Where the Width of the pad 2 line is enlarged 
and an additional via pair 6a is added at the outer ends of the 
pad line 2. In order to avoid shorts betWeen the pads caused 
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by capacitors Which are placed incorrectly, the pad line 
distance under the capacitor can be enlarged. 

[0055] A further improvement can be achieved if the pads 
2 of FIG. 5 are enlarged so that an additional via pair 6b can 
be placed on the outer side of capacitor 4. This embodiment 
is shoWn in FIGS. 11 and 12. 

[0056] FIG. 13 shoWs a comparision of the simulated loop 
inductance for a group of three capacitors using separate 
pads (old design) and the pad line structure (neW design) 
With 18 mils via diameter and for different via lengths. 
Depending of the via length the total loop inductance can by 
reduced by a factor of 5.3 for a via With a length of 500 pm 
and by a factor of 2.7 for via With a length of 2.5 mm. 

[0057] Due to the reduction of the pad-via loop inductance 
the effectiveness of the capacitor is increased and the total 
number of capacitors needed for decoupling purposes on 
cards and boards can be reduced. In Table 1 a comparision 
of the numbers of capacitors, needed for decoupling of the 
1.5V and of the 1.8V on a board, is shoWn as an eXample. 
The calculations Were performed using the old pad via 
design and the neW pad via design. The number of capacitors 
used for 1.5V and 1.8V decoupling can be reduced from 
4792 to 1985 and from 373 to 155. 

TABLE 1 

Old Design New Design 

Capacitor # on 1.5 V 4792 1985 
Capacitor # on 1.8 V 373 155 
Capacitor # total 5165 2140 

[0058] The advantages of these reductions are: 

[0059] decreasing prices for assembled components 
due to decreasing component number 

[0060] reduce manufacturing cost due to reduced 
production cycle time (reduced component place 
ment time and reduced drilling time for vias) 

[0061] reduce Wireability problems due to reduced 
capacitor number and via number 

[0062] reduce component placement problems on 
dense assembled cards and boards 

[0063] reduce component distances due to loWer 
number of capacitors 

[0064] reduce signal delay, reduce cycle time, 
increase system performance 

[0065] improve card/board cross section due to loWer 
via number 

[0066] reduce parallel resonances betWeen different 
types of capacitors due to loWer parasitic inductance 
of the vias 

[0067] Another main advantage of the neW pad via design 
is the improved Wireability in the capacitor area. Each via is 
fabricated With clearence holes on each poWer layer (for a 
via connected to ground) and on each ground layer (for a via 
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connected to poWer). Due to different reasons (e. g. coupling, 
impedance mismatch) signal Wires are in general not 
alloWed to cross a clearance hole. Thus the clearance hole 
reduces the Wireability in the capacitor area. In contrast to 
the old capacitor pad-via design Where the clearance holes of 
a via pair (poWer and ground via of one capacitor) are 
separated, the via holes of the neW capacitor pad-via design 
are overlapping due to the small distance betWeen the via 
pair. Due to the overlap of the via holes the Wiring area is 
increased. Thus the Wireability in the capacitor area is 
increased, the number of Wire layers can be reduced in a 
dense Wiring area and at last the card and board costs can be 
reduced. 

[0068] Although preferred embodiments have been 
depicted and described in detail herein, it Will be apparent to 
those skilled in the relevant art that various modi?cations, 
additions, substitutions and the like can be made Without 
departing from the spirit of the invention and these are 
therefore considered to be Within the scope of the invention 
as de?ned in the folloWing claims. 

What is claimed is: 
1. Method for minimiZing sWitching noise in the high- and 

mid-frequency range on printed circuit cards or boards by 
means of a plurality of surface mounted decoupling capaci 
tors, said capacitors each comprising a pair of opposing 
pads, each of said pads being connected to poWer/ground 
planes by respective vias, said method comprising: 

arranging said pairs of capacitor pads by connecting pads 
to form enlarged padlines and at the same time mini 
miZing the distance betWeen opposite pads, and arrang 
ing said respective vias at the smallest possible distance 
With respect to each other and With respect to respective 
decoupling capacitors. 

2. Method according to claim 1, Wherein said respective 
vias are arranged at only one side of the decoupling capaci 
tor poWer/ground planes. 

3. Method according to claim 1, Wherein said respective 
vias are arranged on both sides of the decoupling capacitor 
poWer/ground planes. 

4. A structure including: 

a printed circuit card or board; and 

a plurality of decoupling capacitors mounted on the 
surface of said card or board, each of said capacitors 
comprising a pair of opposing pads, said pads being 
connected to poWer/ground planes by respective vias, 
Wherein said pairs of capacitor pads are arranged to 
form enlarged padlines, and at the same time are 
arranged distance With respect to each other, and that 
said respective vias are arranged at the smallest pos 
sible distance With respect to each other and With 
respect to respective decoupling capacitors. 

5. Structure according to claim 4 Wherein said respective 
vias are arranged at only one side of the decoupling capaci 
tor poWer/ground planes. 

6. Structure according to claim 4 Wherein said respective 
vias are arranged on both sides of the decoupling capacitor 
poWer/ground planes. 

* * * * * 


