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Thermal Manangement Calculator

This “Calculator” is for sizing electrical conductors in printed circuit boards. The Thermal
Management Software is a database of current carrying capacity data. Data from this software
database were used to create “Standard for Determining Conductor Current-Carrying Capacity In
Printed Board Design”, IPC 2152. This design tool has more information than was published in the
standard. It is for determining the size of electrical conductors based on the temperature rise of
conductors as a function of PCB physical parameters and current.

As some people know and others are learning, the charts in IPC-2221 goes back to work performed
by the National Bureau of Standards in 1955 and published in 1956. Their work only addressed
external conductors. Those conductors were on Phenolic and Epoxy boards. In addition, their results
were all compiled together to create a chart that was labeled “tentative”. Their test results were a mix
of variables that effect trace temperature, such as board thickness, board material, trace thickness and
some of the test boards had copper planes on the back of them. All of these variables influence the
temperature rise of the trace, some more significantly than others, which makes it difficult to
ascertain the actual temperature change of a trace in various board configurations. That was for the
external traces. The internal trace charts were not based on test data, they were simply based on half
the current from the external trace chart. This has caused problems throughout the electronics design
community due to increasing currents, high-density electronics and design standards that are not well
understood.

Now with a fresh start, all of the variables are separated, so that design decisions can be made with a
better understanding of conductor heating. The Thermal Management Software is a collection of
years of research. The database contains test results that have been validated by a U.S. Air Force
Independent Research group and a Navy test lab. The test data covers 1 and 20z internal and 20z
external traces for FR4 and '4 oz, 1, 2, 3 oz internal and 2, 3 oz external traces for polyimide in Air
and Vacuum.

Additional information is also included that shows the influence of copper planes on heat spreading
and lowering trace temperatures. The software has the capability of importing new trace charts. A
process of creating technology specific design charts is well defined.

As new charts are created they can be imported through an “Ingest Tool”. The interface is simple and
only requires data input through a comma separated variable format.

B ' Thermalman Ingest Tool ?

X
Source Filename (EXCEL .csv file) | J

Destination Path for output file |

Enter output filename |

‘ Close I Ingest ‘

Figures 1-9 shows the initial graphical user interface for the calculator followed by other attributes.
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'E; Thermalman Calculator v2.2.4 Michael R. Jouppi — [} >

File Edit ETC Help

S 5AirFr4 10zp 005

1ozAirintPoly07

J0zVacintPoly07 . ;i . : 7919120 0.0713841
IPC : 305.30965 0.1308047

Chart
The chart data is sensitive to board thickness, board
material board size and the environment (Air or

Vacuum). Vacuum is for Space Environments.

Figure 1. Charts
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'r_r Thermalman Calculator v2.2.4 Michael R. Jouppi =
File Edit ETC Help

IPC Minimum Extemal

Sx5RirFrd102p005 1 . 7 4 A 35.00000

TozAirintPoly07 X 4 £ : 56.13496 0.0661374
3ozVacintPoly07 X A : : ;. 79.19120  0.0713841
IPC X 4 2 . 305.30965 0.1308047

\ . .
Calculate any one variable¢/as a function of the
other two.

Get all of the critical parameters that are
described in IPC 2152, such as trace power
dissipation and power density for the length of
the trace that you specify.

Determine the change in resistance and

voltage drop due to the heating of the trace.

Figure 2. Calculations
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= ThermalMan Calculator = [a]x]
File Edit Etc Help
- Settings
Chart I 1ozAirntPaly0? - Conductor I 1-30z Copper - Type ITrace -
Configuration IMike_Tesl - fWeightTable IUndemrilerLabUralUry > Location I\ntemal >
4
~Calculator / T
Conductor Thickness (in) I 0.00135 Conductor Length (in) 1.00000
Crogs Sectional Area (mil“2) I Ambient Temp ('C) | 25.000 I 35.000
Conductor Width * (in) | I Initial State ™ | Final State *

[T
| —rm

*click on buttons with an asterisk to solve for that parameter.

Reset Al Values |

Current* (A) Resistance (Ohm)

“oltage Drop (v)

Temperature Rise * ('C)

FPower Dissipation ()
Power Density (W/in”2)

= / g
Add | Modify | Delete | Columns | Print |
Type | Location [Methad [ Thickness (in) [ widtrflin) [ Length (in) [ Area (mil*2) [ current ¢4) [ Detta T (') [ Temp 0 () | Resist 0 (0hm) [varap 0 ¢v) [ Pawer 0 () [ Density 0 fvjin*2) [ Temp F e
flrace Internal  TozAirintPoly0? 0.00135 U.UUWE 1.00000 11.895 1.000 10.000 25.000 0.063 0.063 0.083 7.204 35.000
Trace Internal  IPC 0.00135 U.Ujﬁi 1.00000 42.394 1.000 10.000 25.000 0.018 0018 0.018 0567 35.000
ia Internal  TozdirntPoly07? 0.00100) / .. . . . 11.586 35.000
If you are participating in CAT testing at Conductor
Analysis and Test Inc. Take advantage of the data that
you have and include it in the Weight Table. UL and
[PC minimum allowable values are included.
Research has shown that the resistivity of 10z copper
and greater has a different value than Y5 0z copper.
This impacts resistance, voltage drop and power
calculations. They are included in the conductor
selection.
. )|

Figure 3. Conductor Analysis Test Data and Weight Table
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W ThermalMan Calculator
File Edit Etc Help

Ml

- Settings

Chad; I TozAirintPolyl? hd
Configuration IMike_Tesl =

Conductor, IT’EUZ Copper - Type ia
Weight Table I Underwriter Laboratory * LOCEHION: |

“ia Diameteg® (in) | I
) IT
Temperature Rise * (“CN | I 10.000

*click on buttons with an asterisk to solW for that parameter.
FesetAll Values |

Current* [

- Calculator .
Embedded Resistor
Conductor Thickness (in) I 0.00100 “ia Depth (in) 1.00000
Cross Sectional Arsa (mil”2) I Armbient Temp (*C) | 25.000 I 35.000

Initial State *

Final State *

RBpAistance (Ohm) |

Yoltage Drop (¥) |

Paower Dissipation (¥W) |

Power Density (W/in”~2) |

—= == /

Add | Moty | Delete | calurnns || Pint |
Typa | Location [Methad [ Thickness (in) [ (in) [ Langth (in) [ Araa (mil"2) [ Current (&) [ Datta TAT) [ Temp 0 ('C) | Resist 0 (Ohr) [verap 0 ¢v) [ Power 0 () [ Density 0 fwvfin*2) [ Temp F ('C
Trace Internal  TozdirntPoly07? 0.00135 0 DDN noong 11.895 1.000 10 25.000 0.063 0063 0.063 7.204 35.000
Trace Internal  IFC 0.00135 0.0314 J.00000 42.394 1.000 000 25.000 0.018 0018 0.018 0.567 35.000
i Internal  TozAirntPoly0? 0.00100 0.0081 . . . 35.000

Included is the utility to calculate the current carrying
capacity of vias and thermals.
For vias, the input parameter now changes from trace
width to Via Diameter. The calculation is through a
copper cylinder based on the via diameter and copper
thickness that you choose.
All values calculated can be added to the Log Table that
can be saved as a comma-separated-variable output file.
. 5

Figure 4. Vias and Thermals
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I ThermalMan Calculator _=| x|

File Edit Etc Help

- Seftings

Chart: I TozAirntPolyl? hd Conductor: I 1-3oz Copper x Type WVia x
Configuration IMikefTest = Weight Takle IUndemriterLabora{ory - Location I\nternal -
A

~ Caldulator
Conductor Thickness (in) Im ia Depth (in) IW
Cros\Sectionsl Area (mil*2) | PR | Metstals | weiatts | Cotumns | bmbient Temp (C) [ 25.000 [35.000
“ia Diameter * (in) | I— Initial State ™ | Final State ™

\ Current™ (A) | I— Configurstion IMIRE‘TES| j Fesistance (Ohm) | I

\emperalure Rise*('0) | IW Background Image Iquments/My Pictures/sunsetjog —I altage Drop (+) I I
* click an Kuttons with an asterisk to salve for that parameter. i ol I Black j —I Power Dissipation () I I

\ Feset All Values | Units Bz Fower Density (4/in"2) I I

Result ‘\ Thickness [inch =[5 —

Add \ Moty | Delete | Wickh [inch = = Colurnns || Prnt_ |
Type |Ln‘\atinn|Memnd [Ticknessiry [wid =2 L nch s = ) [drop 0 () [Power 0 o) [ Density 0 tfin"2) [ Temp F (C
Trace  Imehal  lozArntolyd? 000135 non | Aea [ se mils RajE = 0063 0.063 7204 35000
Trace Interyal  IPC 0.00135 0.03 Temperature |DegreesC j |3 ﬁ noie 0.018 0567 35.000
ia Intermgl  TozditintPaoly0? 0.00100 0.0 0.094 0.094 11.586 35.000

Current |Amps j |3 ﬂ
Resistance |Ohms j |3 ﬂ
Voltage |VUH5 j |3 ﬂ
Power |Wan5 j |3 ﬂ
Fower Density |Waﬂsfsq inch j |3 ﬁ
Thermal Conductivity IWﬁﬂSflnCh’C j |3 ﬁ
Resistivity [ Ohre-in”2fin =13 B
Board Dimensions | inch j |3 ﬁ
Close | Save | Delete |
For the convenience of the user, both English and SI
units are included in the preferences section. In the
preferences the user can select the units they want to .
»

work in and set the precision of the parameters that they
are calculating.

Then Save those parameters as a configuration.

Figure 5. Preferences
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I ThermalMan Calculator — =] x|
File Edit Etc Help

2ozPolyAirlntd? M| we
M Mike's Preferences =

| 35.000

Trace Width (inch) * ". R | { ! - Initial State ™ E Final State *
b v & X x| =

Current (Amps) *

Temperature Rise (C)* Preferences I Materials | Weights | Caolurnns |

*click o

Configuration IMlke‘s Preferences

Background Image lemsfMy Pictures/SuninWaterjpg

- ] i Frrl) Units Precision
Add Mod Del & L B
|| ¥ 3 N = 3

Type Location | Method Thickness (inch) | Width (mcj Length (inch) Area(sqrml)Cu rt (AT
TracH 8.000

=1 In order to create your own personal o Langth [inch ok
TracH 8.000 Area I oo mil j |2

T 10,001
Trecs touch to the software we have made the o0 B i

=1 calculator so that you can store your 0000 Curtent e ElE

=1 favorite picture as a Background 200 Resictance [Onme Hls

via 1586 Vil |V m J |4
oltage olts =
Image- Power |Wans j |3

|
sity 0 (Watt/sg |
bs |
1

5

4

Width [linch =l

o] o] po] peo] po] pool po] o pop Lu

Power Density |Wan5,fsq in j |3

[
¥

Thermal Conductivity

Resistivity |Ohmfm“2,f|n j |3

Jas!

Cloze | Save | Delete

Figure 6. Features
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I ThermalMan Calculator . _=| x|

File Edit Etc Help

- Settings
Chat; ITDZAlr\ntPDIyU? hd Conductor; 1-30z Copper 7 Type Via x
Configuration IMikefTesl - W Thermal Man Preferences [2]x] Location I\nternal ~
 ClelEED Preferances | haterials I Weights | Caolumns |
Concuctor Thickness (in) 0.00100 MNarre |1-30z Copper pth (in) 1.00000
Cross Sectional Area (mil”2) I Material Type Int Temp ('C) | 25.000 I 35.000
“ia Diameter * (in) | I ’76 Conductor  Diglsetric € Eiesistar Initial State * | Final State *
Current* (A) | I ~Material Properti pnce (Ohm) I I
Temperature Rise * (') | 0000 Thermal Conductivity (Win-C) X | 5.940 e Dirap (V) | |
*click an butions with an asterisk 1o solve for that parameter. Thenal Conducsivity (4¢in-C] ¥ | 8940 Dissipation (W) | I
Reset Al Values | Thermal Conductivity (Win-C) 2 | 9.940 Density (4//in"2) | I
Result ~Conductor Properties
Weight (oz 1.000
Add | Modify | Delete | gt (o) I Columns | Print |
I | I | Fesistivity (mOhm-in) IU.UUU?UHUU I | I
Type Location | Method Thickness (in) | \Width [ rop 0 () | Power 0 () | Density 0 (/in"2) | Temp F (°C
Base T iture (C
Trace  Imemal  lozArnPolyd7 000136 0.0088 SR TEIHEER () | 25.000 83 0.063 7.204 35.000
Trace  Internal  IPC 0.00135 0.0314 Temperature Coeflicient (1/deg C) |U.UU3BS3E 18 0.018 0567 35.000
[Vial Internal  1ozAilntFoly0? 0.00100 0.0081 94 0.094 11.586 35.000
Add Mod Del I
| MName Type ThermalCaon (W/in-C) IThen;
Conductor
ner Ci tar
Cyante Ester— 5-Glass Insulator 0.009 0.00¢
Epoxy — Glass Insulator 0.009 0.00¢
G10 Insulator 0.023 0.0zt
Holometrix FR4 Insulator ooz 0.01:
Holometrix Folyimide Insulator 0.014 0.07¢
IEC FR4 Insulator  0.008 0.00¢
Fhenolic (F) Insulator 0.009 0.00¢
Polyimide —15% Graphite Insulator n.ozz2 0.0zé
Polyimide — Glass Insulator 0.015 0.01¢
Folyimide — Reinfarced Insulator 0.m3 001
FPalyimide — Unreinforced Insulator 0.009 0.00¢
Polyimide H Film. Kapton 200G Insulator 0.054 0.05¢
Polyimide H Film, Kapton 25C  Insulator 0.048 0.04t_|
Palyimide H Film, Kapton 75C  Insulator 0.050 0.050=
4 3
4| Board material properties are included for each test board. The thermal conductivity 2|

in the x and y axis, as well as the z-axis for the FR4 and Polyimide test boards.
Other board materials and the properties for copper are in this database. This
database is included for use with the Equivalent Thermal Conductivity
Calculator.

Figure 7. Board Properties
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¥ ThermalMan Calculator =l=]x|
File Edit Etc Help
- Setting
Chart IPC - Conductar: 0.50z Copper - Type: Trace ¥
Configuration | Jouppil - Wgight Table | Underwriter Laboratory ¥ Location: | Internal =
~Calculator
Conductar Thickness (in) 0.00070 Conductor Length (in) 1.000
Cross Sectional Area (mil“2) Arnbient Temp (C) |ZE ooo |
(E=IEI=GREY 2 Equivilant Thermal Conductivity [l State |
Current * (A Layer Type | Material Fot Condurtor | Thickness (in) | Themal-Con % t4in-C) | Tharmal-Con ' tin-C) | Thermal-Con 7 pagin) |
Temperature Ris 1 |Signal x||0.50z Copper - 20.00000 0.00135 9.94000 9.94000 9.94000
——— |2 |Diclectic x||Haolometrix Palvimide hd 2.00000 0.01500 0.01380 0.01380 0.00850  f————
clickon butonswith ans I3 [Fowar  +][050z Copper - 70.00000 000135 9.54000 954000 9.54000
Fe: |4 [Dielectic x||Holometrix Polyimide | 2.00000 0.01500 0.01380 0.01350 0.00850
5 |[IGround  =||1-30z Copper hd 70.00000 0.0013% 9.94000 9.94000 9.94000
~Results B [Dielectjc x||Holometrix Palvimide x| o 200000 0.01500 0.01380 0.01350 0.00850
Add Madlify 7 ||Sign: xlI050z Copper hd /' 20.00000 0.00135 49.94000 49.94000 9.34000 Frint |
Tvpe Cha ) | Resist F
4 II [2]
/ Board Dimensions Equivalent Thermal Conductivity
Wiclth (i 1.000 “wicth 3 (AYin-C)  [0.49133
Export Erint ) ! L)
Length (in) | 1.000 Length % (Win-C) |0.43133
T Depth {in) | 0.050 Depth 2 (#/in-C) [0.23014
/ Layers —

/

conductivity of a board stack u his accounts for external and internal copper planes and

/
The Equivalent Thermzl/ Condt?iéity Calculator is an aide for estimating the equivalent thermal
[T
dielectric material.

Material properties in the database are available for the user or the user can input their own. Then
the user defines the board dimensions, width, length, thickness and the number of layers. The user
then defines the thickness of each layer and the percent copper on power, signal and ground layers.

This calculator is an aide for understanding what the trace heating will be in other board materials.
If the effective thermal conductivity of the material is higher than the raw board material then the
traces will run cooler. The important aspect to consider is that the traces dissipate power.

Figure 8. Equivalent Thermal Conductivity Calculator
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I ThermalMan Calculator —|=1x]
File Edit Etc Help

~ Setings

Chart: TozAidntPaly07 = Conductor: 1-3oz Copper = Type: Via =
Configuration | Mike_Test 2 ‘Weight Table | Underwriter Leboratory = Lacation: | Internal 2

—Calculator
Conductor Thickness (in) [ oooion via Depth (in) [foomo
Cross Sectional Area (mil*2) [ Ambient Temp (C) [ 25.000 [35.000
Wia Diameter ™ (in) | l— Initial State * | Final State *
Current” (#) | W Thermal Man Preferences ey I
Tempetature Rise * ('C) | lw e Drop (v) |

|
|
Preterances |Mater\als |Weights ‘ Columns | Bl (1) I I
|

Density (Win"2) [

*click on buttons with an asterisk to solve for that parameter.

ResetAll Walues | ™ iChart:

—Fasults ¥ Conductor Type

Add | Wodify | Delete | " Internal/Extermal Colurnns Print

Type | Lacation | tethod |Th\ckness (in) | Wfidth [ rop 0 () | Paower 0 (W) | Diengity 0 (wiin"2) | Temp F (T
(Trace Internal  1ozAirntPalyl? 000135 0.0088 B3 0.063 7204 35.000
Trace  Internal  IPC 0.00135 00314 18 0.018 0.567 35.000
i Internal  1ozAirntPoly0? 0.00100 0.0081 = Conductar Length ¥ ¥section Area 34 0.094 11.586 35.000
¥ Conductor Width ¥ tax Current
¥ Conductar Thickness ¥ Temperature Rise
¥ InitialTemperature ¥ FinalTemperature
r 7 . ¥ Initial Resistance ¥ Final Resistance
The COlumns mn the ¥ Initial Woltage Drop ¥ Final Valtage Drop
table are tumed_on fOI‘ ¥ Initial Power Dissipation ¥ Final Power Dissipation
: ¥ Initial Power Density ¥ Final Power Density
display and turned-off
when only specific
values are of interest.
Close All MNone

The Table can be saved
as a comma-separated-
variable file as
mentioned previously or
simply sent to your
printer.

Figure 9. Table Preferences
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