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UltraCAD Design, Inc. PCB Trace Calculator v. 3.2

This is the latest version of UltraCAD’s popular PCB Trace Calculator. Version 3.2 is updated

from prior versions in three important ways:

1. 1t has been updated to become current with the newest IPC standard, IPC-2152, Standard for
Determining Current Carrying Capacity in Printed Board Design,

2. It offers the ability to use some “modifiers” to adjust the calculated results even more finely
than the curves in the standard allow, and

3. It updates the calculations to be “internationally aware.” In many parts of the world the deci-
mal separator is a comma and the thousands separator is a period (the opposite of what we use
in the United States.) The calculator should recognize your local area and become “regionally
aware.”

This manual covers the major operating features of version 3.2.

Licensing:
The calculator requires a license file to operate. A license file can be obtained from this site:
http://www.ultracad.com/ucadpcblic.htm

Place the license file in one of two places:

1. The root directory of the system drive (probably in c:\), or

2. Inaspecially prepared folder under the root folder named \ucadpchb (probably c:\ucadpchb\)
These are the only two places the program will look for the license file.

System Requirements:

The program is written in Visual Basic version 6.0. It will run under any version of Windows
starting with NT. You may or may not have the support files required for the program to run al-
ready installed in your system:

The Visual Basic Run Time Library

The Visual Basic controls mscomctl.ocx and msflxgrd.ocx

If you do not already have these files, an error message will display when you start the program.
Included in your download package (ucadpchb3.2.zip) are the two controls and a run-time file
named vbrun60sp4.exe. (These files are also available at http://www.ultracad.com/calc.htm if you
have misplaced them.) If necessary, execute vbrun60sp4.exe and copy the control files to the
\Windows\system32 folder.
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Starting the Program:

When you first start the program, the information included in the license file will be displayed. If the
license is not found, an error message will say so. Following that a disclaimer screen will open. You
must agree to the disclaimer to operate the program.

(o]
PCB Trace Calculator

Version 3.2, based in part on [PC-2152
This Copy is Licensed to:

MName [Doug Brooks

Company [Uinacad

Address [326 148 PL SE
City. State, ZIP [Bellevue, wia 38007
License Code [dhilr 051 0lks

Copyright 2010 by UltraCAD Design. Inc.. Bellevue, WA.

MNotto be copied, distibuted, or used by anyone other than the licensee without

Wi, UCAD PCB Calculator Disclaimer 10l =|

The formulas used in this program are only approximate. The user
uses this program at his or her own risk and agrees to hold UltraCaAD
Design. Inc and Douglas Brooks harmless from any loss of any kind
whatsoever arising from the use of this program.

Note: The formulas for trace temperature are derived from three
different. independent sources. two of which go back some b0 yvears
The derivation of the fusing current formula is unknown. [T is known
and expected that the results between them are not comparable. They
are made use of here for estimation purposes only.

For further infarmation refer to hitpihwww Ultracad.com

written permission from UltraCAD Design. Inc.

UltraCAD
_|t!£si;-n. Inc OK | END

(This calculator has not heen endorsed by the IPC)

i Understand and

Agree Don't Agree

After you agree to the disclaimer, the main program window opens:
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—Units, General; — Trace Dimensions——  Check to consider .............

¥ Englich Width Snlvel ||:| il [v SkinEffect? [~ Prozimity Effect? 7 I
= Metric ' 5
[L=E M ID g ID Frequency, MHz
Thickness—— ze decimal fractions OMLY IU— Skin Depth i
i Unitz Skin Depth, percent of thickness
' Ounces Solvel ||j 4 Solve | ID Croszover F MHz

Temperature [ata | Fusing Current I Trace Data * I Ohm's Laws Calculatar

[Uge width and thickness bokes above]

Current Salve ID Amps IJze Modifiers?
_I r Appliczable only far IPC 2152,
Temp. CHAMNGE Salve | ID ol = I

Data Source to be used.

M EIPC 2152 Yacuum
E3580€ H\pc-D-275 (Obsolete)External I
Design Mews 1968 END
Hagianal Satiieg English [United States) Lok at Regional Settings |
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Regional Settings:

The program is “region aware.” That means it should understand, and automatically adjust for (among
other things), the local conventions for the decimal and thousands separators. The local regional set-
ting for your computer is shown near the bottom of the window, and clicking on the “Look at Re-
gional Settings” command button will open another window showing all of the settings in effect for
your region.
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Skin Effect Settings:

The calculator can compensate for high-frequency skin effect. For example, suppose we enter a fre-
quency of 15 MHz and a trace thickness of 2 Oz into the calculator. The skin depth for a 15 MHz sig-
nal is .6713 mils. As long as the skin depth is deeper than 1/2 the trace thickness, the skin effect will
not limit the current. If the skin depth is shallower than 1/2 the trace thickness, it will begin to impact
the current flow. For a 2 Oz. trace, the thickness is about 2.7 mils (and 1/2 the thickness is about 1.35
mils). Therefore, in this example the skin effect is limiting the current flow. The calculator shows that
the skin effect is extending into each half of the trace thickness by 49.73% (.6713 mils is 49.73% of
1/2 the 2.7 mil trace thickness.) We can also see that the cross-over frequency for a 2 Oz trace (where
the frequency just begins to impact the trace current) is 3.7 MHz.

— Trace Dimenzions —Check to consider ...

Wiidth Sl:lh.-'EI ||:| il [+ Skin Effect? [ Prozimity Effect? 7 I
= M I2 0z |-|5 Frequency, MHz

Ilze decimal fractions DMLY 7E Skin Depth mil
Skin Depth, percent of thickness

Su:ulvel |49.?25 b4 COEE |3_? Crozzover F MHz

For more information on skin effect, see our article at:
http://www.ultracad.com/articles/skin effect.pdf



Temperature Data Calculations:

First, select the data source you would like
to use. The five sources are

IPC 2152 Air Internal trace

IPC 2152 Air External trace

ICP 2152 (external traces in a) Vacuum
IPC-D-275 Older standard, now obsolete
Design News 1968

Notes:

1. The new standard, perhaps surpris-
ingly, states that internal traces cool
better (more efficiently) than do exter-
nal traces. This is because the thermal
conductivity of the board material is
better than that of air.

2. There is no difference between Exter-
nal and Vacuum except for very thick
traces (where the form factor is more
“square”.)

3. For more information on how formu-
las are derived and what the Design
News data source actually is, see
http://www.ultracad.com/articles/
pcbtemp.pdf

4. The most conservative data source is
IPC 2152 Vacuum. The most aggres-
sive data source typically is IPC-D-
275.

Then enter any three of the four variables,
Trace Width, Trace Thickness, Trace Cur-
rent, and the Change in Trace Tempera-
ture (above 20 oC ambient) and solve for
the fourth. You can use either English or
metric units and enter/solve for thickness
in units or ounces. In the illustration
shown, for internal traces, according to the
IPC 2152 standard, the required width for
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UltraCAD Design Inc. PCB Trace Calculator

r— Units, General; ~ Trace Dimensions———— [~ Check to consider ............

% English Wwhidth  Solve | |'|35.058 il [~ Skin Effect?
" Metic Thick  Solve | |—2 0
Thickness— Use decimal fractions DMLY
= Units
* Dunces
Temperature Data | Fusging Current I Trace Data * Ohm's Law Calculator

[Uze width and thickness boxes abave]

Solvel Im Amps
Sove| [25 oC

Current

Temp. CHANGE

r Uze Modifiers?
Applicable only for IPC 2152,

=]
['ata Source bo be uzed.
9| [PC2152 Airinternal =l
T
IPC 2152 Air External
M EIPCE152Vacuum
Th‘?sslﬂ I'f_ IPC-D-275 (Obsolete)Extarnal —
15 CalCUlato H Eemp .
and skin depth .D.l.a...mg...n. P:J.'.EWS 1968 END

Regianal Semizg English (United States) Lock at Regional Settings |
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— Unitz, General; — Trace Dimensions——————— ~ Check to consider ... ———————
%' Engligh Width |:5gEivE: |254_5?3 il v Skin Effect? [~ Proximity Effect? 2 I
" Metric : .

Thick. Solvel |2 Oz I'IE— Frequency, MHz

Thicknsss—— Usze decimal fractions DMLY e Skin Depth mil
" Unitg Skin Depth, percent of thickness
£+ Ounces Snlvel |43_?25 4 Solve I ||:| Crozzover F MHz

Temperature Data | Fusing Current I Trace Data * I Ohm's Law Calculatar

[Uze width and thickness boxes abowve]

Current Salve |1 0 Amps Usze Modifiers?
_I r Applicable only for IPC 2152,
Temp. CHANGE Solve | |25 ol = I

Data Source ta be used.

(7| [PC2152Arintemal

j Skin effect is impacting results!

a 2 oz. trace carrying 10 Amps to rise no more than 25 oC above ambient is 135 mils.

If we want to consider the impact of skin effect for a 15 MHz signal, the skin effect would reduce the
effective cross-sectional area of the trace. Therefore, the trace would have to be wider to carry the
same amount of current. Under this condition, the calculator suggests the new, adjusted width would
have to be 255 mils. A message highlights the fact that the skin effect is impacting the calculated re-

sult.




Calculation Modifiers:

The Appendix in IPC 2152 includes some very brief guidelines on how to adjust the results from the
curves for specific special conditions. The most important of these, by far, is the proximity to an adja-
cent plane (Section A.4.6). Also important is board thickness (Section A.4.2). The calculator offers a
method for incorporating very rough estimates of these effects by checking the “Use Modifiers?”
check box.

(Note: The results obtained, while useful, are very approximate and should be used with caution.)

Using the results from the previous page, S _ , . S
« . v These modifiers are based on materal from IPC 2152 Stant_:lan:llforDetermlnlngCulrent
suppose we checked the “Use Modifiers? e emcna Lo i o
checkbox. The window on the right would O elable a1 it oot /P oo iouT o2 et
Open. We Cal(:"UIated’ on the preVIOUS page’ Use Column A to modify a calculated value for Temperature Change.
that a traCG Wldth Of 135 mlIS Of 2 OZ COppeI' Use Column B to enter a modified value of Temperature Change for calculation.
carrying 10 Amps would result in a tempera- Column A Column B
ture rise of 25 oC.
Initial Temperature Change [from race dimensions) Enter Temperature Change
. . 25 [ of
Suppose now we consider that that trace is o .
10 mils above a 2 Oz plane, that the plane Pl bt 1 Dal S50
- v Flane thicknesz > z mm
has an area larger than 25 in? and that the ¥ Flane arza » 251n°2 (160 2]
board is 65 mils thick. If we enter this infor- ~ PesmiviePane_befait | fio N CETEZI X
mation in the appropriate places in the win- BosdThckness  Defoul | [o5 ml  [tos | |osaseeris
dow, we calculate that the actual (modified) 7 = B 2
temperature rise WI|'| be only 8.4 oC (Column Modiied Tenperatue Change [75736% | [F1a109%82 | o
A) -- Thls ShOWS the ImpaCt Of the plane Make Modified Width the new Trace Dimension? Yes I Yes I
(primarily) as well as the other factors. Cise Wincow_|

But suppose we can tolerate a temperature
change of 25 oC, and so we want to calculate the reduced width that the modified results will allow.
Enter 25 oC in the top box of Column B (and click the “TOTAL Factor” button.) The modified tem-
perature is 74.8 oC. This gives us a modified starting point that will result in a new trace width that,
when the resulting calculated temperature change is calculated, results in a modified temperature
change back at 25 oC. In this example, entering 74.8 as the Temperature change in the calculator re-
sults in a calculated width of only 50 mils. But the 74.8 temperature reduces to only 25 oC after
modified to account for planes, etc.

UltraCAD Design Inc. PCB | race Calcul.

Initial Termperature Change [from trace dimensiohs)

Enter Temperati

~ Unitz, General; — Trace Dimensions————— [~ Check to consider ... —
& English Wwidth  Solve I |5[|.|354 il [~ Skin Effect? |74.8 |25 ol
" Metri .
SiE Thick  Solve I |2 Oz Factor Fastar
Thickness M el s o DL W Plane thickness > 1 0z (1.35 )
w0 Ui ¥ Plane area > 25in"2 [160 mm”2)
&+ Ounces ity to Plane Default | [10 il J0.31373 |3.18694625
Temperature Data | Fusging Current | Trace Data® Ohm's Law Cale ~ 3Thickness Defaut | [&5 il |1.085 |0.93396713
[Uze width and thicknes: boxes above] i 10.3341757 |2.33243781
Fumiert Bl | I_ID— Amps o Uz Modifiers? Maodified Temperature Change |24.995342 |?4.31 09452 ol
Applicable only for IPC 2152
Temp. CHANGE T |?4 a ol Make Modified Width the new Trace Dimension? es | Yes |
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Fusing Current Calculations:

Occasionally there are designs where a catastrophic failure can occur that can result in personal or
property damage. In such cases it might be necessary for a trace to carry a very large amount of cur-
rent for a very short time, perhaps until an emergency shutdown procedure can be carried out. So
there may be a requirement, for example, for a trace to carry 20 Amps for 0.5 seconds, and then it
doesn’t matter if the trace fails (fuses) or not.

There is an important distinction between trace fusing current and a normal fuse. A fuse protects
against a predictable overload and is replaceable. A fused trace results from a catastrophic event and
is not replaceable. A fused trace results in a failed board which must be replaced in its entirety.

=10l
There are very few sources to work from .
in this area. Two individuals, W. H. UltraCAD Design Inc. PCB Trace Calculator
r— Units, General;  Trace Dimengions—————————— [~ Check to congider ............
Preece and I. M. Onderdonk, have pub- & Engish || widh [Gai] [z ™ || SkinErect
lished fusing current equations. Th_ey are | Metic Thick save| [ 0
repeated and summarized in an article: i |  *Use decimalfractions ONLY
£ Units

“Fusing Current: When Traces Melt A
Without a Trace” Temperature Data Fusing Current I Trace Data | Ohm's Lavs Calculator I
Aval Iable at [Use width and thickness boses above)
http://www.ultracad.com/articles/fusing.pdf Fusing Curent _Solve | [z0 Amps

. . . Fusing Time  Solve I |5— Seconds [< 10]
This section of the calculator is based on
Onderdonk’s equations.

Assume for example, we have a 0.5 Oz

Message Box

trace that must carry 20 Amps for 0.5 wich i (Ptime" 5)/[ 188/ thickness) i mis .
seconds. The question is, how wide must
it be? The calculator says 56 mils. These -

Regiomal Seting English [Urited States) Look at Regional Settings |

calculations can/will be modified by fre-
quency if the Skin Effect check box is
checked.
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The source equations for this portion of the calculator are completely different from the source data
for the temperature change portion of the calculator. Thus, it is not expected that the results will be
perfectly compatible, and they are not. Nevertheless, they tend to be in the same order of magnitude,
and it can be shown that, in general, they are surprisingly similar given their disparate origins.



Other Features:

o
The remaining features of the calculator are  UltraCAD Design Inc. PCB Trace Calculator
pretty Stl’alghtforward r— Uritz, General - Trace Dimensions—————————— ~Check to consider ... ——
% English width M mil [V Skin Effect? [~ Prasimity Effect? _7|

" Metric .
The Trace Data window will calculate the hek B . [ Femuency MHz

* Use decimal fractions OMNLY

trace resistance (Ohms/in or Ohms/cm) for [T o et tkness [&722 | SkinDesthmi
a trace of the given thickness, width, and @ Ounces | | Sobve|[sg857 % (B [37  CrossoverF MHz

temperature (operating and/or ambient —-
assumed to be 20 oC). It will also provide
the frequency adjusted values if the Skin AR e R@#nbient Solve | [.oooss | Bhm/in

_ 20 ot ) '
Effect checkbox is checked. Spmating Tems A@operating Sclve | [oo1oz b
|45_ ot fudj B 3 Arbierit Solvel 00133 Ohdin

f-Adj B @ Operating  Solve | 0021g Ohdin

Temperature Data I Fuzing Current Trace Data * | Ohm's Law Calculator

The Ohm’s Law Calculator provides a ba-
sic calculational capability between various
trace aspects of resistance/unit length, trace
Iength' Current and VOItage drOp (along the h;::;??tﬁiik“ﬂ;u:here thick iz in inches

trace.) The values in this section do not { ' END
carry over from prior sections. They must
be entered or pasted manually. gt S Sl (i el Look at Regional Setings |
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* Copper wires and traces.

ol

UltraCAD Design Inc. PCB Trace Calculator
— Units, General; — Trace Dimengsions—————————— ~ Check to consider ... ———

% English ‘width |254.555 il [V Skin Effect? [~ Praimity Effect? 7 I

" Metic .

at= |2 L2 |15 Frequency. MHz

Thickress—— * Use decimal fractions OMNLY e Skir Depth mil

= Lnits Skin Depth, percent of thickness

+ Ounces Solve | |49.35? % Solve | |3.? Crossover F MHz
Temperature Data I Fusing Current I TraceData®  i0 |

Resistance OhmAin T otal Resistace, Ohms Current, &

Trace Length inch Solve I Solve | \\_\\ioltage Dirap, .
Solve | |12— / |'252 _ISDIVE

CF iz 27/thick ™2 where thick iz in inches. END

"Message Box

Reagrors! Setiing English [United States) Laok at Regional Settings |
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