PCB Trace and Via Ampacities

Design Note

September 2009

by

Douglas P. Arduini - Consultant

AD&D (Arduini Design & Development)

2415 San Ramon Valley Blvd., #4-415

San Ramon, California 94583-1651

Phone/FAX  925/804-6063

E-Mail: darduini@yahoo.com
URL: http://www.AD-andD.com

PURPOSE
The purpose of this design note is to establish an engineering figure of merit or design guidelines to design of PCB trace/plane widths and via sizes and quantities for power supply voltage nodes or rails and loads.

DESIGN CONSIDERATIONS
The basic considerations for proper trace widths and vias in Printed Circuit Boards (PCBs) for current carrying limits (Ampacity) is to use good engineering practice for high reliability and not overdesign.  This design note provides minimum design limits for proper design margin.

Design considerations include, but are not limited, to the following:

1. Minimum copper cross sectional area to allow a minimum temperature rise for high reliability and long life.
2. Minimum voltage drop (IR losses) between the voltage source and load.  This is not included in this design note due to many variables in what is acceptable in each application.

3. Current selection for design should consider be maximum continuous worst-case for desired temperature rise.
4. Current selection for design should consider the maximum peak current worst-case under fault condition to not fail with too high of temperature rise by smoking or burning open (fusing).

5. Current selection must consider for the load currents downstream of the trace or vias areas of consideration, as this current will diminish as power is distributed along a common power rail or node.

6. Temperature rise maximum limit is proposed in this design note at 5OC for back-planes and mid-planes, and at 10OC for circuit cards or boards.  These numbers are empirical for conservative high reliability long life products.
7. Temperature rise calculated data is based on IPC-2221 formally IDC-D-275 PWB.  These calculations are based on an endless length of trace with no forced air flow, so actual temperature rise will vary.  Temperature rise will be lower in a short copper trace length (pinched area) if there is much wider copper traces on both ends of this pinched length that is cooler and conducts heat out of the pinched area.  Likewise temperature rise can be much higher with a lot of holes from via clearances like in a pin field where the actual average copper width is smaller than the overall trace width.
8. Via temperature rise is calculated for 2 axis and shall use the smaller ampacity of the 2 calculations. 

9. Vias and traces may use multiple parallel numbers of identical sizes to multiply the capability linearly.  The currents will not share equally, but if they are equal in size, the conservative calculation method shall be forgiving enough not to be a problem.

Rough approximations for minimum trace width ampacity limits with 10OCtemperature are as follows:
For inner layers of copper at 10OC rise, use approximately 100mils/Amp for ½-Oz, 50mils/A for 1 Oz, and 25mils/A for 2oz.

For outer layers of copper at 10OC rise, use approximately 20mils/Amp for ½-Oz, 10mils/A for 1 Oz, and 5mils/A for 2oz.

Recommended trace width at 10OC for circuit cards or boards.
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Typically used for high-reliability PCB layouts.

I = 0.015 * (T)^.5453 * (A)^.7349

(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

I = 0.0647 * (T)^.4281 * (A)^.6732

(External Traces, IPC-2221 formally IDC-D-275 PWB)

Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

Ampacity for 10C temperature rise

0.5 oz 1.0 oz 2.0 oz 0.5 oz 1.0 oz 2.0 oz

.685 mil 1.37 mil 2.74 mil .685 mil 1.37 mil 2.74 mil

10 0.22 0.36 0.60 0.64 1.01 1.62 Amps

20 0.36 0.60 1.00 1.01 1.62 2.58 Amps

40 0.60 1.00 1.66 1.62 2.58 4.11 Amps

50 0.71 1.18 1.96 1.88 3.00 4.78 Amps

80 1.00 1.66 2.76 2.58 4.11 6.56 Amps

100 1.18 1.96 3.26 3.00 4.78 7.62 Amps

125 1.39 2.31 3.84 3.48 5.56 8.86 Amps

150 1.58 2.64 4.39 3.94 6.28 10.02 Amps

200 1.96 3.26 5.42 4.78 7.62 12.16 Amps

250 2.31 3.84 6.39 5.56 8.86 14.13 Amps

400 3.26 5.42 9.02 7.62 12.16 19.38 Amps

500 3.84 6.39 10.63 8.86 14.13 22.52 Amps

1,000 6.39 10.63 17.69 14.13 22.52 35.92 Amps

2,000 10.63 17.69 29.45 22.52 35.92 57.27 Amps

4,000 17.69 29.45 49.01 35.92 57.27 91.33 Amps

6,000 23.83 39.67 66.02 47.19 75.25 119.99 Amps

8,000 29.45 49.01 81.56 57.27 91.33 145.64 Amps

10,000 34.69 57.74 96.09 66.56 106.13 169.24 Amps

RULES:

1.  This table for  10

O

C temperature rise is used for PC board designs for high-reliability and long-life designs.

2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.

Units

Outer Layer Cu Thickness

Trace Width 

(mils)

Inner Layer Cu Thickness


Recommended trace width at 5OC for mid-planes and back-planes.
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Typically used for high-reliability Backplane/Midplane layouts.

I = 0.015 * (T)^.5453 * (A)^.7349

(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

I = 0.0647 * (T)^.4281 * (A)^.6732

(External Traces, IPC-2221 formally IDC-D-275 PWB)

Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

Ampacity for 5C temperature rise

0.5 oz 1.0 oz 2.0 oz 0.5 oz 1.0 oz 2.0 oz

.685 mil 1.37 mil 2.74 mil .685 mil 1.37 mil 2.74 mil

10 0.15 0.25 0.41 0.47 0.75 1.20 Amps

20 0.25 0.41 0.68 0.75 1.20 1.92 Amps

40 0.41 0.68 1.14 1.20 1.92 3.06 Amps

50 0.48 0.81 1.34 1.40 2.23 3.55 Amps

80 0.68 1.14 1.89 1.92 3.06 4.88 Amps

100 0.81 1.34 2.23 2.23 3.55 5.67 Amps

125 0.95 1.58 2.63 2.59 4.13 6.58 Amps

150 1.09 1.81 3.01 2.93 4.67 7.44 Amps

200 1.34 2.23 3.72 3.55 5.67 9.03 Amps

250 1.58 2.63 4.38 4.13 6.58 10.50 Amps

400 2.23 3.72 6.18 5.67 9.03 14.41 Amps

500 2.63 4.38 7.28 6.58 10.50 16.74 Amps

1,000 4.38 7.28 12.12 10.50 16.74 26.70 Amps

2,000 7.28 12.12 20.18 16.74 26.70 42.57 Amps

4,000 12.12 20.18 33.58 26.70 42.57 67.88 Amps

6,000 16.33 27.18 45.24 35.07 55.93 89.18 Amps

8,000 20.18 33.58 55.89 42.57 67.88 108.24 Amps

10,000 23.77 39.57 65.85 49.47 78.88 125.79 Amps

RULES:

1.  This table for 5

O

C temperature rise is used for backplanes and midplanes for high-reliability and long-life designs.

2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.

Trace Width 

(mils)

Inner Layer Cu Thickness Outer Layer Cu Thickness

Units


Trace width interactive calculator (double-click to use).

[image: image3.emf]DC Current Carrying Capacity for Traces for Temperature Rise Calculator Calculate max temperature rise

Calculator for trace width versus current. DATA INPUT ENTER UNITS

Current= 2 Amps

I = 0.015 * (T)^.5453 * (A)^.7349 (Internal Traces, IPC-2221 formally IDC-D-275 PWB) Copper Thickness= 0.69 mils

I = 0.0647 * (T)^.4281 * (A)^.6732 (External Traces, IPC-2221 formally IDC-D-275 PWB) Copper Width= 400 mils

Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

RESULT

DATA INPUT ENTER UNITS Temperature Rise Inner= 4.09

O

C

Current=

3.5 Amps

Temperature Rise Outer=

0.44

O

C

Temperature rise=

10

O

C

0.5 oz 1.0 oz 2.0 oz

Copper thickness= 0.685 mils .685 mil 1.37 mil 2.74 mil Calculate max current

DATA INPUT ENTER UNITS

Temperature Rise= 80

O

C

Layer= Inner Outer UNITS Copper Thickness= 1.37 mils

Trace width= 441.04 126.74 mils Copper Width= 12 mils

Trace width= 0.441        0.127       inches

Trace Wide/A 126.01      36.21       mils/A RESULT

Current max Inner= 1.28 A

Current max Outer= 2.78 A

Trace resistance with temperature

Resistance increases 0.4% per 

o

C

R = R

20

o

C

 [ 1 + 0.004 ( T - 20 ) ]

Where: R

20

o

C

=resistance at 20

o

C, T=new temperature in 

o

C

RULES:

1.  This table for  10

O

C temperature rise is used for PC board designs for high-reliability and long-life designs.

2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.

ANSWER

Layer Cu Thickness

 air testing of wire, so is only a rough approximation.
Trace fusing (burning open) estimator and interactive calculator (double-click to use).  This is based on fusing currents of open 

[image: image4.emf]DC Current Fusing of Traces

Fusing current of round copper wire is used to extrapolate the following trace width, where Kd

3/2

, where K=10,244 for copper

Fusing Current, copper trace (Amps) = K*d^3/2 = 10,244*(2*(w*t/pi)^.5)^(3/2)

Trace Fusing Current (Estimated only, from wire data in free air with no consideration for heat sinking)

Trace Width Calculator for fusing (estimated only)

0.5 oz 1.0 oz 2.0 oz Input Thickness 0.69mils

.685 mil 1.37 mil 2.74 mil Input Width 4.00mils

10 1.64 2.76 4.65 Amps

20 2.76 4.65 7.82 Amps Result Current 0.83Amps

40 4.65 7.82 13.15 Amps

50 5.50 9.25 15.55 Amps Via Calculator for fusing (estimated only)

80 7.82 13.15 22.12 Amps Input Thickness 1.00mils

100 9.25 15.55 26.15 Amps Input Via Drill Diameter 55.10mils

125 10.93 18.38 30.91 Amps

150 12.53 21.07 35.44 Amps Result Current 18.53Amps

200 15.55 26.15 43.98 Amps

250 18.38 30.91 51.99 Amps Copper Wire Dia Calculator for fusing (in free air)

400 26.15 43.98 73.96 Amps Input Thickness 1.00mils

500 30.91 51.99 87.44 Amps Input Wire Diameter 40.30mils

1,000 51.99 87.44 147.05 Amps

2,000 87.44 147.05 247.31 Amps Result Current 82.88Amps

4,000 147.05 247.31 415.92 Amps

6,000 199.31 335.20 563.74 Amps Copper Wire AWG Calculator for fusing (in free air)

8,000 247.31 415.92 699.49 Amps Input Thickness 1.00mils

10,000 292.36 491.69 826.92 Amps Input Wire AWG 18AWG

AWG to Diameter AWG= 18 0.040303Inches Result Current 82.88Amps

Units

Trace 

Width 

(mils)

Layer Cu Thickness


Recommended via for 10OC for circuit cards or boards.
[image: image5.emf]10C Temperature Rise Via/Pin Calculations (cards)

Variable Units

Remarks

Pin/Via Via Via Via Via Via Via Via Via Pin Pin Pin Via Via Via

Pin Diameter 40 60 80 mils

Via Drill Size 8 10 12 20 22 30 40 42 64 96 128 96 128 240 mils

Finish Hole Size (FCS) 7 9 10 18 20 28 38 40 62 94 126 94 126 238 mils

Via Ampacity Z-axis limit

0.81 0.95 1.38 1.96 2.09 2.59 3.16 3.27 4.38 5.79 7.07 5.79 7.07 10.93 Amps

Open (unfilled) via (see Note 1)

Via Ampacity Z-axis limit

0.81 0.95 1.38 1.96 2.09 2.59 3.16 3.27 4.38 5.79 7.07 5.79 7.07 10.93 Amps

Open (unfilled) via (see Note 1)

1/2-oz copper trace from 

via

0.43 0.50 0.57 0.84 0.90 1.13 1.39 1.44 1.96 2.65 3.27 2.65 3.27 5.19 Amps

Ampacity 10C rise, inner layer 

(0.685 mils)

1/2-oz copper trace from 

via

1.18 1.37 1.55 2.18 2.33 2.87 3.48 3.60 4.78 6.27 7.61 6.27 7.61 11.63 Amps

Ampacity 10C rise, outer layer 

(0.685 mils)

Via Ampacity Z-axis limit

0.81 0.95 1.38 1.96 2.09 2.59 3.16 3.27 4.38 5.79 7.07 5.79 7.07 10.93 Amps

Open (unfilled) via (see Note 1)

1-oz copper trace from 

via

0.71 0.84 0.96 1.39 1.49 1.87 2.32 2.40 3.27 4.41 5.44 4.41 5.44 8.64 Amps

Ampacity 10C rise, inner layer (1.37 

mils)

1-oz copper trace from 

via

1.88 2.18 2.47 3.48 3.71 4.57 5.55 5.73 7.61 10.00 12.14 10.00 12.14 18.54 Amps

Ampacity 10C rise, outer layer (1.37 

mils)

Via Ampacity Z-axis limit

0.81 0.95 1.38 1.96 2.09 2.59 3.16 3.27 4.38 5.79 7.07 5.79 7.07 10.93 Amps

Open (unfilled) via (see Note 1)

2-oz copper trace from 

via

1.18 1.39 1.59 2.32 2.48 3.12 3.85 3.99 5.44 7.33 9.06 7.33 9.06 14.38 Amps

Ampacity 10C rise, inner layer (2.74 

mils)

2-oz copper trace from 

via

2.99 3.48 3.93 5.55 5.92 7.29 8.85 9.14 12.14 15.95 19.36 15.95 19.36 29.56 Amps

Ampacity 10C rise, outer layer (2.74 

mils)

Note 2. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller.

Note 1. The Z-axis limit for open via allows some limited free convection air flow, therefore ampacity is adjusted half way in between outer and inner layer limit for unfilled vias.  Filed vias with solder 

and pin allow for much higher current.

Values



Recommended via for 5OC for mid-planes and back-planes.
[image: image6.emf]5C Temperature Rise Via/Pin Calculations (cards)

Variable Units

Remarks

Pin/Via Via Via Via Via Via Via Via Via Pin Pin Pin Via Via Via

Pin Diameter 40 60 80 mils

Via Drill Size 8 10 12 20 22 30 40 42 64 96 128 96 128 240 mils

Finish Hole Size (FCS) 7 9 10 18 20 28 38 40 62 94 126 94 126 238 mils

Via Ampacity Z-axis limit

0.81 0.95 1.38 1.96 2.09 2.59 3.16 3.27 4.38 5.79 7.07 5.79 7.07 10.93 Amps

Open (unfilled) via (see Note 1)

Via Ampacity Z-axis limit

0.59 0.69 1.00 1.42 1.52 1.88 2.30 2.38 3.18 4.21 5.13 4.21 5.13 7.92 Amps

Open (unfilled) via (see Note 1)

1/2-oz copper trace from 

via

0.29 0.34 0.39 0.57 0.61 0.77 0.95 0.99 1.35 1.81 2.24 1.81 2.24 3.56 Amps

Ampacity 5C rise, inner layer (0.685 

mils)

1/2-oz copper trace from 

via

0.88 1.02 1.15 1.62 1.73 2.13 2.59 2.67 3.55 4.66 5.66 4.66 5.66 8.64 Amps

Ampacity 5C rise, outer layer (0.685 

mils)

Via Ampacity Z-axis limit

0.59 0.69 1.00 1.42 1.52 1.88 2.30 2.38 3.18 4.21 5.13 4.21 5.13 7.92 Amps

Open (unfilled) via (see Note 1)

1-oz copper trace from 

via

0.49 0.57 0.65 0.95 1.02 1.28 1.59 1.64 2.24 3.02 3.73 3.02 3.73 5.92 Amps

Ampacity 5C rise, inner layer (1.37 

mils)

1-oz copper trace from 

via

1.40 1.62 1.83 2.59 2.76 3.40 4.12 4.26 5.66 7.44 9.02 7.44 9.02 13.78 Amps

Ampacity 5C rise, outer layer (1.37 

mils)

Via Ampacity Z-axis limit

0.59 0.69 1.00 1.42 1.52 1.88 2.30 2.38 3.18 4.21 5.13 4.21 5.13 7.92 Amps

Open (unfilled) via (see Note 1)

2-oz copper trace from 

via

0.81 0.95 1.09 1.59 1.70 2.14 2.64 2.74 3.73 5.02 6.21 5.02 6.21 9.85 Amps

Ampacity 5C rise, inner layer (2.74 

mils)

2-oz copper trace from 

via

2.23 2.59 2.92 4.12 4.40 5.42 6.58 6.80 9.02 11.86 14.39 11.86 14.39 21.97 Amps

Ampacity 5C rise, outer layer (2.74 

mils)

Note 2. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller for inner.

Note 3. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller for outer.

Values

Note 1. The Z-axis limit for open via allows some limited free convection air flow, therefore ampacity is adjusted half way in between outer and inner layer limit for unfilled vias.  Filed vias with solder 

and pin allow for much higher current.


Via size interactive calculator (double-click to use).

[image: image7.emf]Via Calculator from Trace Width Versus Temperature Rise Calculate via max temperature rise

Calculator for trace width versus current. DATA INPUT ENTER UNITS

Current= 1.88 Amps

Trace Thickness= 1.37 mils

I = 0.015 * (T)^.5453 * (A)^.7349 (Internal Traces, IPC-2221 formally IDC-D-275 PWB) Via Thickness= 1.00 mils

I = 0.0647 * (T)^.4281 * (A)^.6732 (External Traces, IPC-2221 formally IDC-D-275 PWB) Via Drill Size= 30 mils

Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

UNITS

Temp Rise Via-Inner= 10.1

O

C

0.5 oz 1.0 oz 2.0 oz Temp Rise Via-Outer= 1.3

O

C

.685 mil 1.37 mil 2.74 mil Temp Rise Via Z-Axis=  5.7

O

C

Via thickness for 10mil drill=0.7mil min Calculate via max current limit

Via thickness for 12mil+ drill=1.0mil min DATA INPUT ENTER UNITS

Temperature rise= 5.00

O

C

Calculate minimum via drill size Trace Thickness= 1.37 mils

DATA INPUT ENTER UNITS Via Thickness= 1.00 mils

Current= 3.02 Amps Via Drill Size= 30 mils

Temperature rise= 5.00

O

C

Layer Thickness= 1.37 mils UNITS

PTH Thickness= 1.00 mils Current max Layer Inner= 1.28 A

Current max Layer Outer= 3.40 A

Via Limited=

Layer 

Inner

Layer 

Outer

Z-axis 

Inner

Z-Axis 

Output

Z-Axis 

Average UNITS Current max Via, Inner= 1.02 A

Via Drill Size min= 96.05 25.18 131.59 34.49 51.36 mils Current max Via, Outer= 2.75 A

Current max Via Average= 1.88 A

1.  This table for  10

O

C temperature rise is used for PC board designs for high-reliability and long-life designs.

2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.

5. Orange results of calculations are approximation only.  Reuse results in via maximum current limit for more accurate results.

RESULTS

RESULTS

Layer Cu Thickness

Use lowerest max current of layer or Z-Average.

Use largest via minimum of layer or Z-Average.

RESULTS


PCB Trace and Via Ampacities.doc
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VIA AMPACITY 10C BOARDS SIMPLE

		Board Current Carrying Capacity of Vias-Simplified																		DP ARDUINI				Rev. D				8/23/05

		EDCS-541556

		10C Temperature Rise Via/Pin Calculations (cards)

		Variable				Values																				Units		Remarks

		Pin/Via		Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter												40		60		80								mils

		Via Drill Size		8		10		20		30		40		64		96		128		96		128		240		mils

		Via Ampacity Z-axis limit		0.95		0.95		1.96		2.59		3.16		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		Note 1. The Z-axis limit for open via allows some limited free convection air flow, therefore ampacity is adjusted half way in between outer and inner layer limit for unfilled vias.  Filed vias with solder and pin allow for much higher current.

		Via Ampacity Z-axis limit		0.95		0.95		1.96		2.59		3.16		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		1/2-oz copper trace from via		0.50		0.50		0.84		1.13		1.39		1.96		2.65		3.27		2.65		3.27		5.19		Amps		Ampacity 10C rise, inner layer (0.685 mils)

		1/2-oz copper trace from via		1.37		1.37		2.18		2.87		3.48		4.78		6.27		7.61		6.27		7.61		11.63		Amps		Ampacity 10C rise, outer layer (0.685 mils)

		Via Ampacity Z-axis limit		0.95		0.95		1.96		2.59		3.16		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		1-oz copper trace from via		0.84		0.84		1.39		1.87		2.32		3.27		4.41		5.44		4.41		5.44		8.64		Amps		Ampacity 10C rise, inner layer (1.37 mils)

		1-oz copper trace from via		2.18		2.18		3.48		4.57		5.55		7.61		10.00		12.14		10.00		12.14		18.54		Amps		Ampacity 10C rise, outer layer (1.37 mils)

		Via Ampacity Z-axis limit		0.95		0.95		1.96		2.59		3.16		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		2-oz copper trace from via		1.39		1.39		2.32		3.12		3.85		5.44		7.33		9.06		7.33		9.06		14.38		Amps		Ampacity 10C rise, inner layer (2.74 mils)

		2-oz copper trace from via		3.48		3.48		5.55		7.29		8.85		12.14		15.95		19.36		15.95		19.36		29.56		Amps		Ampacity 10C rise, outer layer (2.74 mils)

		Note 2. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller.

		RULES:

		2.  All power vias between layer traces or planes shall have a total minimum average ampacity based on 75% of fuse current rating.

		3.  All signal pins on leaded power supplies shall have a redundant via next pin PTH in series with the trace.

		4.  12-mil (drill-size) vias are recommended minimum where applicable for spacing.
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VIA AMPACITY 5C BK-PLANE SIMPLE

		Back-Plane/Board Current Carrying Capacity of Vias-Simplified																		DP ARDUINI				Rev. C		6/4/04

		EDCS-541556

		5C Temperature Rise Via/Pin Calculations (cards)

		Variable		Values																				Units		Remarks

		Pin/Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter										40		60		80								mils

		Via Drill Size		10		20		30		40		64		96		128		96		128		240		mils

		Via Ampacity Z-axis limit		0.69		1.42		1.88		2.30		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		Note 1. The Z-axis limit for open via allows some limited free convection air flow, therefore ampacity is adjusted half way in between outer and inner layer limit for unfilled vias.  Filed vias with solder and pin allow for much higher current.

		Via Ampacity Z-axis limit		0.69		1.42		1.88		2.30		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1/2-oz copper trace from via		0.34		0.57		0.77		0.95		1.35		1.81		2.24		1.81		2.24		3.56		Amps		Ampacity 5C rise, inner layer (0.685 mils)

		1/2-oz copper trace from via		1.02		1.62		2.13		2.59		3.55		4.66		5.66		4.66		5.66		8.64		Amps		Ampacity 5C rise, outer layer (0.685 mils)

		Via Ampacity Z-axis limit		0.69		1.42		1.88		2.30		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1-oz copper trace from via		0.57		0.95		1.28		1.59		2.24		3.02		3.73		3.02		3.73		5.92		Amps		Ampacity 5C rise, inner layer (1.37 mils)

		1-oz copper trace from via		1.62		2.59		3.40		4.12		5.66		7.44		9.02		7.44		9.02		13.78		Amps		Ampacity 5C rise, outer layer (1.37 mils)

		Via Ampacity Z-axis limit		0.69		1.42		1.88		2.30		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		2-oz copper trace from via		0.95		1.59		2.14		2.64		3.73		5.02		6.21		5.02		6.21		9.85		Amps		Ampacity 5C rise, inner layer (2.74 mils)

		2-oz copper trace from via		2.59		4.12		5.42		6.58		9.02		11.86		14.39		11.86		14.39		21.97		Amps		Ampacity 5C rise, outer layer (2.74 mils)

		Note 2. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller.

		RULES:

		2.  All power vias between layer traces or planes shall have a total minimum average ampacity based on 75% of fuse current rating.

		3.  All signal pins on leaded power supplies shall have a redundant via next pin PTH in series with the trace.

		4.  12-mil (drill-size) vias are recommended minimum where applicable for spacing.
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VIA AMPACITIES

		Current Carrying Capacity of Vias																		EDCS-541556				DP ARDUINI						Rev. D				8/23/05

		10C Temperature Rise Via/Pin Calculations (cards)

		Variable				Values																										Units		Remarks

		Pin/Via		Via		Via		Via		Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter																		40		60		80								mils

		Via Drill Size		8		10		12		20		22		30		40		42		64		96		128		96		128		240		mils

		Diameter		0.008		0.010		0.012		0.020		0.022		0.030		0.040		0.042		0.064		0.096		0.128		0.096		0.128		0.240		Inches

		Circumference		25.1		31.4		37.7		62.8		69.1		94.2		125.7		131.9		201.1		301.6		402.1		301.6		402.1		754.0		mils		C = Pi * D

		Circumference		0.0251		0.0314		0.0377		0.0628		0.0691		0.0942		0.1257		0.1319		0.2011		0.3016		0.4021		0.3016		0.4021		0.7540		Inches		C = Pi * D

		Assume circumference is equal to a trace width for ampacity of via-to-trace.

		PTH or via is nominal with 10% tolerance that should be added to calculations.

		I = 0.015 * (T)^.5453 * (A)^.7349																												(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

		I = 0.0647 * (T)^.4281 * (A)^.6732																												(External Traces, IPC-2221 formally IDC-D-275 PWB)

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)		Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)		Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

		via thickness		0.7		0.7		1		1		1		1		1		1		1		1		1		1		1		1		mils		Thickness minimum Cisco spec

		Via Ampacity		0.43		0.51		0.76		1.10		1.18		1.49		1.84		1.90		2.59		3.50		4.32		3.50		4.32		6.85		Amps		Ampacity 10C rise, inner layer calculations

		Via Ampacity		1.19		1.39		2.00		2.82		3.00		3.70		4.49		4.64		6.16		8.09		9.82		8.09		9.82		15.00		Amps		Ampacity 10C rise, outer layer calculations

		Via Ampacity		0.81		0.95		1.38		1.96		2.09		2.59		3.16		3.27		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Ampacity 10C rise, average of inner & outer layer calculations

		10C Temperature Rise Via/Pin Calculations (cards)

		Variable				Values																										Units		Remarks

		Pin/Via		Via		Via		Via		Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter																		40		60		80								mils

		Via Drill Size		8		10		12		20		22		30		40		42		64		96		128		96		128		240		mils

		Finish Hole Size (FCS)		7		9		10		18		20		28		38		40		62		94		126		94		126		238		mils

		Via Ampacity Z-axis limit		0.81		0.95		1.38		1.96		2.09		2.59		3.16		3.27		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		Note 1. The Z-axis limit for open via allows some limited free convection air flow, therefore ampacity is adjusted half way in between outer and inner layer limit for unfilled vias.  Filed vias with solder and pin allow for much higher current.

		Via Ampacity Z-axis limit		0.81		0.95		1.38		1.96		2.09		2.59		3.16		3.27		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		1/2-oz copper trace from via		0.43		0.50		0.57		0.84		0.90		1.13		1.39		1.44		1.96		2.65		3.27		2.65		3.27		5.19		Amps		Ampacity 10C rise, inner layer (0.685 mils)

		1/2-oz copper trace from via		1.18		1.37		1.55		2.18		2.33		2.87		3.48		3.60		4.78		6.27		7.61		6.27		7.61		11.63		Amps		Ampacity 10C rise, outer layer (0.685 mils)

		Via Ampacity Z-axis limit		0.81		0.95		1.38		1.96		2.09		2.59		3.16		3.27		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		1-oz copper trace from via		0.71		0.84		0.96		1.39		1.49		1.87		2.32		2.40		3.27		4.41		5.44		4.41		5.44		8.64		Amps		Ampacity 10C rise, inner layer (1.37 mils)

		1-oz copper trace from via		1.88		2.18		2.47		3.48		3.71		4.57		5.55		5.73		7.61		10.00		12.14		10.00		12.14		18.54		Amps		Ampacity 10C rise, outer layer (1.37 mils)

		Via Ampacity Z-axis limit		0.81		0.95		1.38		1.96		2.09		2.59		3.16		3.27		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		2-oz copper trace from via		1.18		1.39		1.59		2.32		2.48		3.12		3.85		3.99		5.44		7.33		9.06		7.33		9.06		14.38		Amps		Ampacity 10C rise, inner layer (2.74 mils)

		2-oz copper trace from via		2.99		3.48		3.93		5.55		5.92		7.29		8.85		9.14		12.14		15.95		19.36		15.95		19.36		29.56		Amps		Ampacity 10C rise, outer layer (2.74 mils)

		Note 2. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller.

		5C Temperature Rise Via/Pin Calculations (cards)

		Variable				Values																										Units		Remarks

		Pin/Via		Via		Via		Via		Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter																		40		60		80								mils

		Via Drill Size		8		10		12		20		22		30		40		42		64		96		128		96		128		240		mils

		Diameter		0.008		0.010		0.012		0.020		0.022		0.030		0.040		0.042		0.064		0.096		0.128		0.096		0.128		0.240		Inches

		Circumference		25.1		31.4		37.7		62.8		69.1		94.2		125.7		131.9		201.1		301.6		402.1		301.6		402.1		754.0		mils		C = Pi * D

		Circumference		0.0251		0.0314		0.0377		0.0628		0.0691		0.0942		0.1257		0.1319		0.2011		0.3016		0.4021		0.3016		0.4021		0.7540		Inches		C = Pi * D

		Assume circumference is equal to a trace width for ampacity of via-to-trace.

		PTH or via is nominal with 10% tolerance that should be added to calculations.

		I = 0.015 * (T)^.5453 * (A)^.7349																												(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

		I = 0.0647 * (T)^.4281 * (A)^.6732																												(External Traces, IPC-2221 formally IDC-D-275 PWB)

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)		Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)		Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

		via thickness		0.7		0.7		1		1		1		1		1		1		1		1		1		1		1		1		mils		Thickness minimum Cisco spec

		Via Ampacity		0.30		0.35		0.52		0.76		0.81		1.02		1.26		1.30		1.78		2.40		2.96		2.40		2.96		4.70		Amps		Ampacity 10C rise, inner layer calculations

		Via Ampacity		0.89		1.03		1.48		2.09		2.23		2.75		3.34		3.45		4.58		6.02		7.30		6.02		7.30		11.15		Amps		Ampacity 10C rise, outer layer calculations

		Via Ampacity		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Ampacity 10C rise, average of inner & outer layer calculations

		5C Temperature Rise Via/Pin Calculations (cards)

		Variable				Values																										Units		Remarks

		Pin/Via		Via		Via		Via		Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter																		40		60		80								mils

		Via Drill Size		8		10		12		20		22		30		40		42		64		96		128		96		128		240		mils

		Finish Hole Size (FCS)		7		9		10		18		20		28		38		40		62		94		126		94		126		238		mils

		Via Ampacity Z-axis limit		0.81		0.95		1.38		1.96		2.09		2.59		3.16		3.27		4.38		5.79		7.07		5.79		7.07		10.93		Amps		Open (unfilled) via (see Note 1)

		Note 1. The Z-axis limit for open via allows some limited free convection air flow, therefore ampacity is adjusted half way in between outer and inner layer limit for unfilled vias.  Filed vias with solder and pin allow for much higher current.

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1/2-oz copper trace from via		0.29		0.34		0.39		0.57		0.61		0.77		0.95		0.99		1.35		1.81		2.24		1.81		2.24		3.56		Amps		Ampacity 5C rise, inner layer (0.685 mils)

		1/2-oz copper trace from via		0.88		1.02		1.15		1.62		1.73		2.13		2.59		2.67		3.55		4.66		5.66		4.66		5.66		8.64		Amps		Ampacity 5C rise, outer layer (0.685 mils)

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1-oz copper trace from via		0.49		0.57		0.65		0.95		1.02		1.28		1.59		1.64		2.24		3.02		3.73		3.02		3.73		5.92		Amps		Ampacity 5C rise, inner layer (1.37 mils)

		1-oz copper trace from via		1.40		1.62		1.83		2.59		2.76		3.40		4.12		4.26		5.66		7.44		9.02		7.44		9.02		13.78		Amps		Ampacity 5C rise, outer layer (1.37 mils)

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		2-oz copper trace from via		0.81		0.95		1.09		1.59		1.70		2.14		2.64		2.74		3.73		5.02		6.21		5.02		6.21		9.85		Amps		Ampacity 5C rise, inner layer (2.74 mils)

		2-oz copper trace from via		2.23		2.59		2.92		4.12		4.40		5.42		6.58		6.80		9.02		11.86		14.39		11.86		14.39		21.97		Amps		Ampacity 5C rise, outer layer (2.74 mils)

		Note 2. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller for inner.

		Note 3. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller for outer.

		5C Temperature Rise Via/Pin Calculations (backplanes & midplanes)

		Variable		Values		Values		Values																								Units		Remarks

		Pin/Via		Via		Via		Via		Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter																		40		60		80								mils

		Via Drill Size		8		10		12		20		22		30		40		42		64		96		128		96		128		240		mils

		Diameter		0.008		0.01		0.012		0.02		0.022		0.03		0.04		0.042		0.064		0.096		0.128		0.096		0.128		0.24		Inches

		Circumference		25.1		31.4		37.7		62.8		69.1		94.2		125.7		131.9		201.1		301.6		402.1		301.6		402.1		754.0		mils		C = Pi * D

		Circumference		0.0251		0.0314		0.0377		0.0628		0.0691		0.0942		0.1257		0.1319		0.2011		0.3016		0.4021		0.3016		0.4021		0.7540		Inches		C = Pi * D

		Assume circumference is equal to a trace width for ampacity of via-to-trace.

		PTH or via is nominal with 10% tolerance that should be added to calculations.

		I = 0.015 * (T)^.5453 * (A)^.7349																												(Internal Traces, IDC-D-275 PWB)

		I = 0.0647 * (T)^.4281 * (A)^.6732																												(External Traces, IDC-D-275 PWB)

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)		Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)		Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

		via thickness		0.7		0.7		1		1		1		1		1		1		1		1		1		1		1		1		mils		Thickness

		Via Ampacity		0.30		0.35		0.52		0.76		0.81		1.02		1.26		1.30		1.78		2.40		2.96		2.40		2.96		4.70		Amps		Ampacity 5C rise, inner layer calculations

		Via Ampacity		0.89		1.03		1.48		2.09		2.23		2.75		3.34		3.45		4.58		6.02		7.30		6.02		7.30		11.15		Amps		Ampacity 5C rise, outer layer calculations

		Via Ampacity		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Ampacity 5C rise, average of inner & outer layer calculations

		5C Temperature Rise Via/Pin Calculations (cards)

		Variable				Values																										Units		Remarks

		Pin/Via		Via		Via		Via		Via		Via		Via		Via		Via		Pin		Pin		Pin		Via		Via		Via

		Pin Diameter																		40		60		80								mils

		Via Drill Size		8		10		12		20		22		30		40		40		64		96		128		96		128		240		mils

		Finish Hole Size (FCS)		7		9		10		18		20		28		38		40		62		94		126		94		126		238		mils

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		Note 1. The Z-axis limit for open via allows some limited free convection air flow, therefore ampacity is adjusted half way in between outer and inner layer limit for unfilled vias.  Filed vias with solder and pin allow for much higher current.

		1/2-oz INNER copper trace 5C rise from via ampacity limits

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1/2-oz INNER copper trace from via		0.29		0.34		0.39		0.57		0.61		0.77		0.95		0.99		1.35		1.81		2.24		1.81		2.24		3.56		Amps		Ampacity 5C rise, inner layer (0.685 mils)

		1/2-oz OUTER copper trace 5C rise from via ampacity limits

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1/2-oz OUTER copper trace from via		0.88		1.02		1.15		1.62		1.73		2.13		2.59		2.67		3.55		4.66		5.66		4.66		5.66		8.64		Amps		Ampacity 5C rise, outer layer (0.685 mils)

		1-oz INNER copper trace 5C rise from via ampacity limits

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1-oz INNER copper trace from via		0.49		0.57		0.65		0.95		1.02		1.28		1.59		1.64		2.24		3.02		3.73		3.02		3.73		5.92		Amps		Ampacity 5C rise, inner layer (1.37 mils)

		1-oz OUTER copper trace 5C rise from via ampacity limits

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		1-oz OUTER copper trace from via		1.40		1.62		1.83		2.59		2.76		3.40		4.12		4.26		5.66		7.44		9.02		7.44		9.02		13.78		Amps		Ampacity 5C rise, outer layer (1.37 mils)

		2-oz INNER copper trace 5C rise from via ampacity limits

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		2-oz INNER copper trace from via		0.81		0.95		1.09		1.59		1.70		2.14		2.64		2.74		3.73		5.02		6.21		5.02		6.21		9.85		Amps		Ampacity 5C rise, inner layer (2.74 mils)

		2-oz OUTER copper trace 5C rise from via ampacity limits

		Via Ampacity Z-axis limit		0.59		0.69		1.00		1.42		1.52		1.88		2.30		2.38		3.18		4.21		5.13		4.21		5.13		7.92		Amps		Open (unfilled) via (see Note 1)

		2-oz OUTER copper trace from via		2.23		2.59		2.92		4.12		4.40		5.42		6.58		6.80		9.02		11.86		14.39		11.86		14.39		21.97		Amps		Ampacity 5C rise, outer layer (2.74 mils)

		Note 2. Actual single via ampacity limit is Z-axis limit or trace from via limit, whichever is smaller.
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Via Calculator 1

		EDCS-541549														10/29/07		DPA

		Via Calculator from Trace Width Versus Temperature Rise																Calculate via max temperature rise

		Calculator for trace width versus current.																DATA INPUT		ENTER		UNITS

																		Current=		1.88		Amps

																		Trace Thickness=		1.37		mils

		I = 0.015 * (T)^.5453 * (A)^.7349						(Internal Traces, IPC-2221 formally IDC-D-275 PWB)										Via Thickness=		1.00		mils

		I = 0.0647 * (T)^.4281 * (A)^.6732						(External Traces, IPC-2221 formally IDC-D-275 PWB)										Via Drill Size=		30		mils

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

																		RESULTS				UNITS

										Layer Cu Thickness								Temp Rise Via-Inner=		10.1

										0.5 oz		1.0 oz		2.0 oz				Temp Rise Via-Outer=		1.3

										.685 mil		1.37 mil		2.74 mil				Temp Rise Via Z-Axis=		5.7

								Via thickness for 10mil drill=0.7mil min										Calculate via max current limit

								Via thickness for 12mil+ drill=1.0mil min										DATA INPUT		ENTER		UNITS

																		Temperature rise=		5.00

		Calculate minimum via drill size																Trace Thickness=		1.37		mils

		DATA INPUT		ENTER		UNITS												Via Thickness=		1.00		mils

		Current=		3.02		Amps												Via Drill Size=		30		mils

		Temperature rise=		5.00

		Layer Thickness=		1.37		mils												RESULTS				UNITS

		PTH Thickness=		1.00		mils												Current max Layer Inner=		1.28		A

		RESULTS																Current max Layer Outer=		3.40		A

		Via Limited=		Layer Inner		Layer Outer		Z-axis Inner		Z-Axis Output		Z-Axis Average		UNITS				Current max Via, Inner=		1.02		A

		Via Drill Size min=		96.05		25.18		131.59		34.49		51.36		mils				Current max Via, Outer=		2.75		A

		Use largest via minimum of layer or Z-Average.																Current max Via Average=		1.88		A

																		Use lowerest max current of layer or Z-Average.

		2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

		3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

		4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.

		5. Orange results of calculations are approximation only.  Reuse results in via maximum current limit for more accurate results.





Via Calculator 2

		ACULAB Via Calculator																				6-12-07  DP ARDUINI

																						Via Current Calculator V2.0

		Input										Input										Input

		Plane thickness				1		oz				Via drill size				20.00		mils				maximum temperature rise above ambient				10		°C

																						Results

																						maximum current in Amps =				1.443

																						Minimum Via count Calculator

																						Required current in Amps for single Net				1.00

																						Minimum Number Of Vias Needed =				2

																						Via drill size				0.51		mm

				Converters

						Inputs								Results

				mils		10		=		mm				0.254										1.59512		62.8

																								20.00		1.44

				Microns		60		=		Oz				1.64										90.432

				mm		0.254		=		mils				10.00

				Please Note

				I have created the Via Calculator on information I found from various sources.

				The via calculator simply converts the drill size into its  Circumference And assumes this behaves the same as a trace

				Due to a lack of Data I cannot confirm the accuracy of this calculator (use as rough guide only).

				This means it is down to the User to determine its accuracy.																				Designed

				This Program was designed by Phillip Restall and is in no way connected with Aculab plc.																				By
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Trace Width Calcutator

		EDCS-541549														7/21/08		DPA

																														OUTER CALCULATIONS EACH TRACE								INNER CALCULATIONS EACH TRACE

		DC Current Carrying Capacity for Traces for Temperature Rise Calculator																Calculate max temperature rise												Calculate max temperature rise								Calculate max temperature rise

		Calculator for trace width versus current.																DATA INPUT		ENTER		UNITS								DATA INPUT		ENTER		UNITS				DATA INPUT		ENTER		UNITS

																		Current=		2		Amps								Current=		12.35		Amps				Current=		8.82		Amps

		I = 0.015 * (T)^.5453 * (A)^.7349						(Internal Traces, IPC-2221 formally IDC-D-275 PWB)										Copper Thickness=		0.69		mils								Copper Thickness=		3.50		mils				Copper Thickness=		2.50		mils

		I = 0.0647 * (T)^.4281 * (A)^.6732						(External Traces, IPC-2221 formally IDC-D-275 PWB)										Copper Width=		400		mils								Copper Width=		400		mils				Copper Width=		400		mils

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

																				RESULT												RESULT								RESULT

		DATA INPUT		ENTER		UNITS												Temperature Rise Inner=		4.09										Temperature Rise Inner=								Temperature Rise Inner=		10.85

		Current=		3.5		Amps				Layer Cu Thickness								Temperature Rise Outer=		0.44										Temperature Rise Outer=		2.40						Temperature Rise Outer=

		Temperature rise=		10						0.5 oz		1.0 oz		2.0 oz

		Copper thickness=		0.685		mils				.685 mil		1.37 mil		2.74 mil				Calculate max current

																		DATA INPUT		ENTER		UNITS

				ANSWER														Temperature Rise=		80

		Layer=		Inner		Outer		UNITS										Copper Thickness=		1.37		mils

		Trace width=		441.04		126.74		mils										Copper Width=		12		mils

		Trace width=		0.441		0.127		inches

		Trace Wide/A		126.01		36.21		mils/A												RESULT

																		Current max Inner=		1.28		A

																		Current max Outer=		2.78		A

		Trace resistance with temperature

		RULES:

		2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

		3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

		4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.
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10C Trace Ampacity

		EDCS-541549

		DC Current Carrying Capacity for Traces with 10C Temperature Rise																8/22/06

		Typically used for high-reliability PCB layouts.																DPA

		I = 0.015 * (T)^.5453 * (A)^.7349						(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

		I = 0.0647 * (T)^.4281 * (A)^.6732						(External Traces, IPC-2221 formally IDC-D-275 PWB)

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

		Ampacity for 10C temperature rise

		Trace Width (mils)		Inner Layer Cu Thickness						Outer Layer Cu Thickness						Units

				0.5 oz		1.0 oz		2.0 oz		0.5 oz		1.0 oz		2.0 oz

				.685 mil		1.37 mil		2.74 mil		.685 mil		1.37 mil		2.74 mil

		10		0.22		0.36		0.60		0.64		1.01		1.62		Amps

		20		0.36		0.60		1.00		1.01		1.62		2.58		Amps

		40		0.60		1.00		1.66		1.62		2.58		4.11		Amps

		50		0.71		1.18		1.96		1.88		3.00		4.78		Amps

		80		1.00		1.66		2.76		2.58		4.11		6.56		Amps

		100		1.18		1.96		3.26		3.00		4.78		7.62		Amps

		125		1.39		2.31		3.84		3.48		5.56		8.86		Amps

		150		1.58		2.64		4.39		3.94		6.28		10.02		Amps

		200		1.96		3.26		5.42		4.78		7.62		12.16		Amps

		250		2.31		3.84		6.39		5.56		8.86		14.13		Amps

		400		3.26		5.42		9.02		7.62		12.16		19.38		Amps

		500		3.84		6.39		10.63		8.86		14.13		22.52		Amps

		1,000		6.39		10.63		17.69		14.13		22.52		35.92		Amps

		2,000		10.63		17.69		29.45		22.52		35.92		57.27		Amps

		4,000		17.69		29.45		49.01		35.92		57.27		91.33		Amps

		6,000		23.83		39.67		66.02		47.19		75.25		119.99		Amps

		8,000		29.45		49.01		81.56		57.27		91.33		145.64		Amps

		10,000		34.69		57.74		96.09		66.56		106.13		169.24		Amps

		RULES:

		2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

		3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

		4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.
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5C Trace Amps

		EDCS-541549

		DC Current Carrying Capacity for Traces with 5C Temperature Rise																				8/22/06

		Typically used for high-reliability Backplane/Midplane layouts.																				DPA

		I = 0.015 * (T)^.5453 * (A)^.7349								(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

		I = 0.0647 * (T)^.4281 * (A)^.6732								(External Traces, IPC-2221 formally IDC-D-275 PWB)

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

		Ampacity for 5C temperature rise

		Trace Width (mils)		Inner Layer Cu Thickness						Outer Layer Cu Thickness						Units

				0.5 oz		1.0 oz		2.0 oz		0.5 oz		1.0 oz		2.0 oz

				.685 mil		1.37 mil		2.74 mil		.685 mil		1.37 mil		2.74 mil

		10		0.15		0.25		0.41		0.47		0.75		1.20		Amps

		20		0.25		0.41		0.68		0.75		1.20		1.92		Amps

		40		0.41		0.68		1.14		1.20		1.92		3.06		Amps

		50		0.48		0.81		1.34		1.40		2.23		3.55		Amps

		80		0.68		1.14		1.89		1.92		3.06		4.88		Amps

		100		0.81		1.34		2.23		2.23		3.55		5.67		Amps

		125		0.95		1.58		2.63		2.59		4.13		6.58		Amps

		150		1.09		1.81		3.01		2.93		4.67		7.44		Amps

		200		1.34		2.23		3.72		3.55		5.67		9.03		Amps

		250		1.58		2.63		4.38		4.13		6.58		10.50		Amps

		400		2.23		3.72		6.18		5.67		9.03		14.41		Amps

		500		2.63		4.38		7.28		6.58		10.50		16.74		Amps

		1,000		4.38		7.28		12.12		10.50		16.74		26.70		Amps

		2,000		7.28		12.12		20.18		16.74		26.70		42.57		Amps

		4,000		12.12		20.18		33.58		26.70		42.57		67.88		Amps

		6,000		16.33		27.18		45.24		35.07		55.93		89.18		Amps

		8,000		20.18		33.58		55.89		42.57		67.88		108.24		Amps

		10,000		23.77		39.57		65.85		49.47		78.88		125.79		Amps

		RULES:

		2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

		3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

		4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.
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Trace-Via-Wire Fusing

		EDCS-541549														10/29/07		DPA

		DC Current Fusing of Traces

		Fusing Current, copper trace (Amps) = K*d^3/2 = 10,244*(2*(w*t/pi)^.5)^(3/2)

		Trace Fusing Current (Estimated only, from wire data in free air with no consideration for heat sinking)

		Trace Width (mils)		Layer Cu Thickness						Units				Trace Width Calculator for fusing (estimated only)

				0.5 oz		1.0 oz		2.0 oz						Input		Thickness		0.69		mils

				.685 mil		1.37 mil		2.74 mil						Input		Width		4.00		mils

		10		1.64		2.76		4.65		Amps

		20		2.76		4.65		7.82		Amps				Result		Current		0.83		Amps

		40		4.65		7.82		13.15		Amps

		50		5.50		9.25		15.55		Amps				Via Calculator for fusing (estimated only)

		80		7.82		13.15		22.12		Amps				Input		Thickness		1.00		mils

		100		9.25		15.55		26.15		Amps				Input		Via Drill Diameter		55.10		mils

		125		10.93		18.38		30.91		Amps

		150		12.53		21.07		35.44		Amps				Result		Current		18.53		Amps

		200		15.55		26.15		43.98		Amps

		250		18.38		30.91		51.99		Amps				Copper Wire Dia Calculator for fusing (in free air)

		400		26.15		43.98		73.96		Amps				Input		Thickness		1.00		mils

		500		30.91		51.99		87.44		Amps				Input		Wire Diameter		40.30		mils

		1,000		51.99		87.44		147.05		Amps

		2,000		87.44		147.05		247.31		Amps				Result		Current		82.88		Amps

		4,000		147.05		247.31		415.92		Amps

		6,000		199.31		335.20		563.74		Amps				Copper Wire AWG Calculator for fusing (in free air)

		8,000		247.31		415.92		699.49		Amps				Input		Thickness		1.00		mils

		10,000		292.36		491.69		826.92		Amps				Input		Wire AWG		18		AWG

		AWG to Diameter				AWG=		18		0.0403026513		Inches		Result		Current		82.88		Amps



&C&A

&LFile: &F&CPage &P of &N




_1317745799.xls
Trace Width Calcutator

		EDCS-541549														7/21/08		DPA

																														OUTER CALCULATIONS EACH TRACE								INNER CALCULATIONS EACH TRACE

		DC Current Carrying Capacity for Traces for Temperature Rise Calculator																Calculate max temperature rise												Calculate max temperature rise								Calculate max temperature rise

		Calculator for trace width versus current.																DATA INPUT		ENTER		UNITS								DATA INPUT		ENTER		UNITS				DATA INPUT		ENTER		UNITS

																		Current=		2		Amps								Current=		12.35		Amps				Current=		8.82		Amps

		I = 0.015 * (T)^.5453 * (A)^.7349						(Internal Traces, IPC-2221 formally IDC-D-275 PWB)										Copper Thickness=		0.69		mils								Copper Thickness=		3.50		mils				Copper Thickness=		2.50		mils

		I = 0.0647 * (T)^.4281 * (A)^.6732						(External Traces, IPC-2221 formally IDC-D-275 PWB)										Copper Width=		400		mils								Copper Width=		400		mils				Copper Width=		400		mils

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

																				RESULT												RESULT								RESULT

		DATA INPUT		ENTER		UNITS												Temperature Rise Inner=		4.09										Temperature Rise Inner=								Temperature Rise Inner=		10.85

		Current=		3.5		Amps				Layer Cu Thickness								Temperature Rise Outer=		0.44										Temperature Rise Outer=		2.40						Temperature Rise Outer=

		Temperature rise=		10						0.5 oz		1.0 oz		2.0 oz

		Copper thickness=		0.685		mils				.685 mil		1.37 mil		2.74 mil				Calculate max current

																		DATA INPUT		ENTER		UNITS

				ANSWER														Temperature Rise=		80

		Layer=		Inner		Outer		UNITS										Copper Thickness=		1.37		mils

		Trace width=		441.04		126.74		mils										Copper Width=		12		mils

		Trace width=		0.441		0.127		inches

		Trace Wide/A		126.01		36.21		mils/A												RESULT

																		Current max Inner=		1.28		A

																		Current max Outer=		2.78		A

		Trace resistance with temperature

		RULES:

		2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

		3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

		4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.
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10C Trace Ampacity

		EDCS-541549

		DC Current Carrying Capacity for Traces with 10C Temperature Rise																8/22/06

		Typically used for high-reliability PCB layouts.																DPA

		I = 0.015 * (T)^.5453 * (A)^.7349						(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

		I = 0.0647 * (T)^.4281 * (A)^.6732						(External Traces, IPC-2221 formally IDC-D-275 PWB)

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

		Ampacity for 10C temperature rise

		Trace Width (mils)		Inner Layer Cu Thickness						Outer Layer Cu Thickness						Units

				0.5 oz		1.0 oz		2.0 oz		0.5 oz		1.0 oz		2.0 oz

				.685 mil		1.37 mil		2.74 mil		.685 mil		1.37 mil		2.74 mil

		10		0.22		0.36		0.60		0.64		1.01		1.62		Amps

		20		0.36		0.60		1.00		1.01		1.62		2.58		Amps

		40		0.60		1.00		1.66		1.62		2.58		4.11		Amps

		50		0.71		1.18		1.96		1.88		3.00		4.78		Amps

		80		1.00		1.66		2.76		2.58		4.11		6.56		Amps

		100		1.18		1.96		3.26		3.00		4.78		7.62		Amps

		125		1.39		2.31		3.84		3.48		5.56		8.86		Amps

		150		1.58		2.64		4.39		3.94		6.28		10.02		Amps

		200		1.96		3.26		5.42		4.78		7.62		12.16		Amps

		250		2.31		3.84		6.39		5.56		8.86		14.13		Amps

		400		3.26		5.42		9.02		7.62		12.16		19.38		Amps

		500		3.84		6.39		10.63		8.86		14.13		22.52		Amps

		1,000		6.39		10.63		17.69		14.13		22.52		35.92		Amps

		2,000		10.63		17.69		29.45		22.52		35.92		57.27		Amps

		4,000		17.69		29.45		49.01		35.92		57.27		91.33		Amps

		6,000		23.83		39.67		66.02		47.19		75.25		119.99		Amps

		8,000		29.45		49.01		81.56		57.27		91.33		145.64		Amps

		10,000		34.69		57.74		96.09		66.56		106.13		169.24		Amps

		RULES:

		2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

		3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

		4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.
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5C Trace Amps

		EDCS-541549

		DC Current Carrying Capacity for Traces with 5C Temperature Rise																				8/22/06

		Typically used for high-reliability Backplane/Midplane layouts.																				DPA

		I = 0.015 * (T)^.5453 * (A)^.7349								(Internal Traces, IPC-2221 formally IDC-D-275 PWB)

		I = 0.0647 * (T)^.4281 * (A)^.6732								(External Traces, IPC-2221 formally IDC-D-275 PWB)

				Where: I=Current (A), T=Temp rise (C), A=cross sectional area (square mils)

		Ampacity for 5C temperature rise

		Trace Width (mils)		Inner Layer Cu Thickness						Outer Layer Cu Thickness						Units

				0.5 oz		1.0 oz		2.0 oz		0.5 oz		1.0 oz		2.0 oz

				.685 mil		1.37 mil		2.74 mil		.685 mil		1.37 mil		2.74 mil

		10		0.15		0.25		0.41		0.47		0.75		1.20		Amps

		20		0.25		0.41		0.68		0.75		1.20		1.92		Amps

		40		0.41		0.68		1.14		1.20		1.92		3.06		Amps

		50		0.48		0.81		1.34		1.40		2.23		3.55		Amps

		80		0.68		1.14		1.89		1.92		3.06		4.88		Amps

		100		0.81		1.34		2.23		2.23		3.55		5.67		Amps

		125		0.95		1.58		2.63		2.59		4.13		6.58		Amps

		150		1.09		1.81		3.01		2.93		4.67		7.44		Amps

		200		1.34		2.23		3.72		3.55		5.67		9.03		Amps

		250		1.58		2.63		4.38		4.13		6.58		10.50		Amps

		400		2.23		3.72		6.18		5.67		9.03		14.41		Amps

		500		2.63		4.38		7.28		6.58		10.50		16.74		Amps

		1,000		4.38		7.28		12.12		10.50		16.74		26.70		Amps

		2,000		7.28		12.12		20.18		16.74		26.70		42.57		Amps

		4,000		12.12		20.18		33.58		26.70		42.57		67.88		Amps

		6,000		16.33		27.18		45.24		35.07		55.93		89.18		Amps

		8,000		20.18		33.58		55.89		42.57		67.88		108.24		Amps

		10,000		23.77		39.57		65.85		49.47		78.88		125.79		Amps

		RULES:

		2.  All power traces or planes shall have a minimum average width based on 75% of fuse current rating.

		3.  All signal traces in the power sections shall be minimum of 10-mils wide for short lengths <6-inches long.

		4.  All signal traces in the power sections shall be minimum of 20-mils wide for short lengths >6-inches long.
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Trace-Via-Wire Fusing

		EDCS-541549

		DC Current Fusing of Traces														10/29/07		DPA

		Fusing Current, copper trace (Amps) = K*d^3/2 = 10,244*(2*(w*t/pi)^.5)^(3/2)

		Trace Fusing Current (Estimated only, from wire data in free air with no consideration for heat sinking)

		Trace Width (mils)		Layer Cu Thickness						Units				Trace Width Calculator for fusing (estimated only)

				0.5 oz		1.0 oz		2.0 oz						Input		Thickness		0.69		mils

				.685 mil		1.37 mil		2.74 mil						Input		Width		4.00		mils

		10		1.64		2.76		4.65		Amps

		20		2.76		4.65		7.82		Amps				Result		Current		0.83		Amps

		40		4.65		7.82		13.15		Amps

		50		5.50		9.25		15.55		Amps				Via Calculator for fusing (estimated only)

		80		7.82		13.15		22.12		Amps				Input		Thickness		1.00		mils

		100		9.25		15.55		26.15		Amps				Input		Via Drill Diameter		55.10		mils

		125		10.93		18.38		30.91		Amps

		150		12.53		21.07		35.44		Amps				Result		Current		18.53		Amps

		200		15.55		26.15		43.98		Amps

		250		18.38		30.91		51.99		Amps				Copper Wire Dia Calculator for fusing (in free air)

		400		26.15		43.98		73.96		Amps				Input		Thickness		1.00		mils

		500		30.91		51.99		87.44		Amps				Input		Wire Diameter		40.30		mils

		1,000		51.99		87.44		147.05		Amps

		2,000		87.44		147.05		247.31		Amps				Result		Current		82.88		Amps

		4,000		147.05		247.31		415.92		Amps

		6,000		199.31		335.20		563.74		Amps				Copper Wire AWG Calculator for fusing (in free air)

		8,000		247.31		415.92		699.49		Amps				Input		Thickness		1.00		mils

		10,000		292.36		491.69		826.92		Amps				Input		Wire AWG		18		AWG

		AWG to Diameter				AWG=		18		0.0403026513		Inches		Result		Current		82.88		Amps
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