


Features Item : Tolerance Analysis of Ohmega-Ply Resistors in Multilayer PWB Design

To consider the effect of process .
tolerances on the finished resistor's bk
electrical tolerance, let's begin with a

basic planar resistor, a square. Using 25 ohms/square material, the simplest resistor would be a 25 ohm resistor. Its
length and width would be the same dimension. If we were placing this resistor on asignal layer that was routed with
6 mil lines and spaces, we might select a square of 6 mils X 6 milsfor convenience.

"(25 ohms/square)*(6mils/6mils) = 25 ohms

Although this would provide the desired nominal calculated value, when maximum material and process tolerances
are applied, the results may not provide the precision required by the customer. The Ohmega Ply material toleranceis
15% of the rated value. A fairly normal inner layer etch process tolerance is 10.5 mil for _ ounce copper foil. Etchin
excess of nominal decreases the width and increase the length of the resistor. Application of these factors to our 6 mil
X 6 mil resistor yields:

However, by increasing the dimension
of the resistor element to 12 mils X 12
mils, we could achieve aresistor
tolerance of 114% with the same
material and process tolerances.

These calculations are summarized
Table 1.

Although Ohmega Ply material is
available on 0.5 ounce and 1 ounce
copper foil, it is preferable to create i
resistor layers using 0.5 ouncefoil since |
the etch process tolerance for 0.5 ounce
foil is smaller than the etch tolerance for
1 ouncefoil.

Nominal Tolerance

Additional Registration Requirements

Since multiple photo-print and etch operations are Hﬂﬂ:t'?: ﬂmﬂ:ﬂl
required on an Ohmega Ply layer, additional Hicksl phm
consideration must be given to registration when Alloy
designing the placement and dimensions of features. 12 mils K12 miis

Using the 25 ohm resistor as modeled in Example 3 and
assuming an internal signal layer routed with 6-mil
lines and spaces we might have created aresistor that
appears as shown in Figure 1.

l!u":;r Lina
& mils Wide
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But to do so would assume the ability to perfectly
register the artwork for the 3rd etch process with the
image created by the 1st photo-print and etch operation.
Since perfect registration to anominally etched image
is not achievable in actual practice, the geometry shown

15t Phoio Prini Trace Widih Extensioes

Extended 2nd

Rezlstor Element, Fhats Prisl Reglen
Expaead Rzglons of |

Hicke| Phosphonous

Alla

12 miks X ;2 mils

in Figure 2 provides a more maufacturable aternative.

Ll

Copper Line
X E-n:ﬂs‘ullldu'

By extending the portion of the trace that is widened to provide I5 mils X axis tolerance, we can allow for variation in
theregistration in the X axis drawn. Similarly, increasing the height (Y dimension) of the second photo-print window
in excess of the design width allows for registration errorsin the Y axis as drawn. Different board fabricators may use
different registration allowances but a good rule of thumb would be to add 5 mils to the left and right of the nominal
resistor element and add 3 milsto the top and bottom of the second photo-print nomina dimension.

The second photo-print window dimension
needs to be designed such that if thereis
sufficient misregistration to bring the
window flush with one edge of the nominal
resistor element, the window will not
overlap an adjacent trace creating an
unplanned resistor. Figure 3 depicts a 2nd
photo print window that is misregistered 5
milsto the right and 3 mils down. Further
movement to the right would decrease the ¥
length of the nominal resistor and further [

> X
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Alloy
12 mils X 12 mils

E‘:ﬂ.",g'\b,':: Adjacent 6 mil Trace
movement down would decrease the width
of theresistor. In addition, further
movement down would allow copper to be
etched from the adjacent 6 mil trace creating

a high resistance path in that circuit.

Power Handling Capabilities

The power rating of planar resistorsis not quite asimple as
determining the power rating of a discrete resistor but there are some
approximations that are adequate in most cases. The power handling
capability of aplanar resistor is afunction of the material rating and
the physical dimension of the resistive element. It is also effected by
the number of layersin the PWB which act as heat sinks for the
device. In addition, The placement of the planar resistor in the board
may be near or distant from heat generating components which can
effect the resistor's ability to dissipate the heat it generates. A resistor
on aplane layer may be able to dissipate more heat than a comparable
planar resistor on asignal layer. With the many possible caveatsin
mind, for amultilayer PWB, Table 2 provides the approximate power
dissipation capability of planar resistors.

mW/sq.mil

If we apply the case of the 6 mil X 6 mil planar resistor formed on 25 ohms/square material from Example 2 we find
that:
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By increasing the dimension of the subject 25 ohm planar resistor to the 12 mil X 12 mil dimension which provided a
tolerance of 114%, the power rating of the resistor increases to:

Doubling the size of the resistor footprint increased its power dissipation capability by afactor of 4.

Table 2 also indicates that as the "ohms/square” value increases, the material's power handling capability decreases.
For thisreason, it may be practical to design resistors with the lowest ohms/sgquare value consistent with the resistor
value and tolerance required.

Additional Considerations

Up to this point we have discussed the * [nternal |H}I'F.'r5 dare nDrma”}" created b},r Etching

placement of Ohmega Ply (planar) non-plated foil. The consistent foil thickness enhances

resistors on internal signal layers. There hi iah |
are several advantages to placing planar etching to tight tolerances.

resistors on internal layers. * After lamination, the resistors are protected from

In many designs, the planar resistors are physical ‘:‘{ﬂmage- '
formed on plane layers. Thisprovides ~ # Planar resistors on outer layers would be subject

g;?gﬂf:gigﬁh 'tfrzgagm’r']tzg‘nge to handling damage at assembly and rework.
signal layers. Second, it places the * Planar resistors on outer layers are also subject to
resistors on a layer with anatural heat damage from temperature extremes encountered

sink, the copper plane. during assembly.

* Planar resistors buried in the laminated board use
the board as a heat sink enhancing the power
dissipation capability of the resistor.

More Advanced Consider ations

Although it isusually desirableto limit
planar resistor designs to basic squares
and rectangles, there are situations in
which more unusual designs are
appropriate. One such caseisaround
resistor element with around copper pad
located in its center. See Figure 4.
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Thisall iatob ted to aplanel ith . Fle g
is allows aviato be connected to a plane layer wi
a conductive path through the planar resistor. In 'H = {(uh““! 5q)/(2.)} * In(ry/ ry)
Example 6, the resistance of around (donut shaped) H = {(lm Dhmf Sq}f { 2 }] - |II{"|3.|( 1“)
resistor of inner radiusry and outer radiusrs, is R= 24 98 2

= 2498 ohms

calculated using 100 ohms/square material.

Applying the same material and process tolerances used the in previous examples, we find this particular donut shaped
resistor element can provide aresistor tolerance of approximately 19%.

Considering the power dissipation effects for a donut .
shaped planar resistor we get a pleasant surprise. As i ¥ *

before, the calculation is simple multiplying the areaof [Sq. I'I'I||5] [II'IW / 5q. I'I'I“!]
the resistive element times the wattage rating of the ‘( ryt- I'-Il) A (II‘I".'I.lI / 5. mlls]
material being used. Refer to Table 2 for the . ’

approximate values in milliwatts.

These benefits are not totally without cost. Although the resistor image is created with a photo tool that is independent
of the photo-tool used to image the copper features for the plane, this layer must be registered "in the blind" since the
holes that will penetrate the pad are not yet drilled. The diameter of the inner copper pad of this resistor element must
then be determined by the following sum.

AIthou_gh a32-mil p:_ad may seem Exal
Sxagaxlf Lgrn?i éﬁ;g(')grugg ?nngzr(?' nner Pad I}Ia drill dia + dia true position error + Reg-
that in the case of aplaﬁar resistor, any litlll:'lll Tolerance + { 2 X the gumm&d annular ri“g]

tangency or drill breakout would effect Plugglng in some generic numbers for these parameters:
the value of the resistor and any process
chemicals that might comeinto contact S
with the nickel phosphorous alloy would | AT R TEREE P BT SRR T B 8 O 1

damage the resistor. Inner Pad Dia = 32 mils — r, = 16 mils

If we begin with the derived value, r, = 16 mils, and use
250 ohm / square material, and solve for r,, we find that:

r, = 30 mils
= 25 ohms £13% and

Application of Tolerance Analysis

When design houses and
OEM's are aware of their
PWB fabricator's process
tolerancesit is easier for them
to make informed decisions
regarding the type and size of
planar resistor elementsto be
employed in any given design.
Resistor tolerance and, to a
lesser degree, resistor power
ratings, can be calculated to -
reasonable certainty. When the Gerber data arrives at the board fabricator, the chance of are-design effort will be
greatly reduced minimizing the time spent in front end planning, and thus, the overall cycle time of the part.

Improved planning in the design phase minimizes design iterations and improves PWB yields. OEMs, design houses,
and fabricators will all benefit from those few extra moments spent in the design phase. High end PWB fabricators
that regularly use Ohmega-Ply materials can typically supply Applications Engineering support for resistor design
questions and would prefer to do so early in the design phase rather than in the "trouble shooting" mode. Simply
applying the math from Examples 2 and 3 can remove painful hours and possibly days from the PWB fabrication
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process.

Ohmega-Ply is aregistered trade mark of Ohmega Technologies, Inc.

Glen Walther is an Applications Engineering Manager for Multek. He received his BSin Industrial Arts &
Education from North Texas State University, and another BS in Aerospace Engineering from the University of
Texas at Austin.
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