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ATP offers embedded ground connections formed with via holes 
through the substrate material. These connections provide a 
convenient means of obtaining a ground return through the case 
of the mounting medium, without the use of cumbersome bond 
ribbons. Assembly concerns are also addressed by eliminating 
epoxy and solder bleed onto the component mounting surfaces 
with either polyimide or solid filled vias.

Hollow Plated Vias
Hollow plated vias are Laser or Ultrasonic 
drilled with diameters as low as 50% of 
the material thickness and are available on 
Alumina (AL2O3), Aluminum Nitride (AlN), 
Beryllium Oxide (BeO) and Fused Silica/
Quartz. This process can be used to create 
slots and castellations.

Enforced Hollow Plated Via-Wrap
Enforced vias are an additive process to the standard hollow 
plated vias. This application is used for thicker conductive metal 
on the wall and anchor ends of the via 
holes. This process will ensure increased 
stability and conductivity. Metal overlaps 
over existing standard metallizations. 
The metal via wrap on the surface can 
be a minimum of 0.002" (0.0508mm) larger than the via hole 
diameter. The Au metal via wrap thickness can be 100–400µ" 
(2.5–10 microns). 

Polyimide Filled Vias
Via is filled with a non-conductive polyimide plug for via hole 
assemblies. The non-conductive plug will prevent epoxy and 
eutectic solders from reaching the surface of the circuit,  
while keeping continuity between the back side and front  
side surfaces.

Physical Properties of Polyimide Fill

Max. Use Temp. 2800°F

Base Aluminum Oxide

Compressive Strength 4200 psi

Flexural Strength 1900 psi

Dielectric Strength 125 Volts/mil

Volume Resistance 108 Ohm cm

Thermal 
Conductivity 15 BTU in/hr. °F ft.2

Expansion 4.0 × 10-6/°F

Components 2.0

Mix Ratio 100 to 30 (by weight)

Consistency Paste

Manufactured according to Mil Spec MIL-I-45208

Via Hole Technology

Polyimide Filled Vias

Enforced Hollow Plated Via-wrap

Hollow Plated Vias

Hollow Plated, Polyimide Filled and Enforced Via Sizes

Substrate Thickness Preferred Hole Diameter

0.005" (0.127mm) 0.004–0.006" (0.101–0.152mm)

0.007" (0.177mm) 0.005–0.010" (0.127–0.254mm)

0.008" (0.202mm) 0.005–0.010" (0.127–0.254mm)

0.010" (0.254mm) 0.008–0.010" (0.202–0.254mm)

0.015" (0.381mm) 0.012–0.015" (0.305–0.381mm)

0.020" (0.508mm) 0.015–0.020" (0.381–0.508mm)

0.025" (0.635mm) 0.020–0.025" (0.508–0.635mm)

Cross-section

Cross-section

Cross-section
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Via Hole Technology (Continued)

Au or Cu Solid Filled Vias
The Au or Cu Via is completely filled 
and planarized, which provides a 
low inductance ground path on both 
sides without the need for venting 
structures, dissimilar metals or 
exposed oxides. Filled vias can also 
act as a thermal pathway for two-sided signal interconnects. ATP 
offers three types of solid filled via circuits: Au, Cu and Polyimide. 
Filled vias are available on Alumina (AL2O3), Aluminum Nitride 
(AlN) and Beryllium Oxide (BeO).

Au/Cu Solid Filled Via sizes

Substrate 
Thickness

Ideal Via
Diameter

Minimum Via Spacing

Center to Center Center to Edge

0.010" (0.254mm) 0.007"–0.010"
(0.177–0.254mm)

0.014"–0.020"
(0.356–0.508mm)

0.008"–0.014"
(0.203–0.356mm)

0.015" (0.381mm) 0.011"–0.015"
(0.279–0.381mm)

0.022"–0.030"
(0.558–0.762mm)

0.010"–0.014"
(0.254–0.356mm)

0.020" (0.508mm) 0.015"–0.020"
(0.381–0.508mm)

0.042"–0.060"
(1.066–1.524mm)

0.011"–0.014"
(0.279–0.356mm)

0.025" (0.635mm) 0.017"–0.020"
(0.431–0.508mm)

0.051"–0.060"
(1.295–1.524mm)

0.013"–0.014"
(0.330–0.356mm)

Filled Via Planarity

Front Side +0/-0.001"(+0/-0.0254mm)

Back Side +0.0002"/-0.001"(+0.0508/-0.0254mm)

Electrical Current Limits For Solid-Filled Vias

Introduction
How much DC current can safely be passed through a Copper-
filled via? To answer this question, we must specify how the 
Joule heat generated in the via will escape. Usually, the B-face of 
a thin-film circuit is brazed or epoxied to a metal package base or 
carrier. The exposed A-face has thin-film traces and other circuit 
elements on it.

Joule heat generated in the Cu-filled via exits through the 
package base. This is the model we will analyze. Details of the 
mathematical analysis are deferred to the Appendix.

Thermal Model
Figure 1 shows a cross-sectional view 
of the assembly to be analyzed. The 
ceramic substrate with an isolated 
Cu via is brazed to a 
Tungsten:Copper (W:Cu) 
carrier. The carrier is firmly 
mounted to a system heatsink  
whose temperature  is Ta.

Copper has such a high thermal conductivity that for this 
analysis, heat leaks from the via’s upper surface and through the 
via walls can be neglected. Essentially all of the Joule heat will 
exit through the via’s lower end and thence through the carrier to 
the system heatsink. We’ll return to this assumption in Summary 
And Conclusions.

For our model, the via’s upper end is the hottest point, with a 
temperature, Tm. Most circuit designers would not want Tm to be 
much above 100°C so this will be our design limit. An expression 
in the Appendix enables other choices for Tm to be made.

The system heatsink temperature, Ta, often is specified to  
be 80°C.

Numerical Parameters

Material Parameter Symbol Value Units

Cu Electrical Resistivity ρ 2.8 × 10-8 Ohm-meters

Thermal Conductivity κ 391 Watts/meter Kelvin

W:Cu, (80:20) Electrical Resistivity ρ1 5.0 × 10-8 Ohm-meters

Thermal Conductivity κ1 248 Watts/meter Kelvin

Au Solid Filled Vias

Cross-section

Cu Solid Filled Vias

Cross-section
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Via Hole Technology (Continued)

Mathematical Appendix

Consider only the Joule heating in the Cu-filled via and its 
spreading through the package base to the system heatsink. 
Then the current, Im, required to heat the via’s A-face to a 
temperature, Tm, is given by the following expression:

Im = (π/4)(D2/H) {        2(Tm-Ta)(κ/ρ)  
    }½

[1+(π/4)(κ/κ1)(D/H)]

Where D and H are the via’s diameter and height respectively,
ρ and κ are the via metal’s electrical resistivity and thermal 
conductivity respectively,
κ1 is the thermal conductivity of the package base metal,
Ta is the temperature of the system heatsink.

If we assume that the current, Im, spreads from the via’s 
B-face into the W:Cu base and to the system heatsink, then 
we can estimate the heating from this source. The spreading 
resistance from a circular source of diameter, D, is given by:

Rsp = ρ1/(2D)  
where ρ1 is the electrical resistivity of the W:Cu base.

For the present problem, Rsp = 0.89 × 10-4 Ohms compared 
with the via’s resistance of 1.73 × 10-4 Ohms. The additional 
heating from the W:Cu will reduce the value of Im from 
88 to 86 Amperes. The preceding conclusions remain valid.

Summary And Conclusions
• An extremely large DC current (88 Amperes in this example) 

is required to heat the via’s A-face to 100°C.
• The present analysis has ignored the problem of passing such 

a large current into and out of the via.
• Standard thin-film Au traces could not safely sustain such a 

high current.
• An Au or Cu via is safe to operate with any electrical current 

that the thin-film circuit traces can safely deliver to it.
• Some Joule heat will escape through the via walls into the 

ceramic substrate and down to the system heatsink. Thus Im 
given above is a lower bound for the current that will bring the 
via’s A-face up to 100°C.

Via Dimensions

Height (H) 0.38mm (0.015")

Diameter (D) 0.28mm (0.011")

Results

Tm (°C) Im (Amperes) Pm (Watts) Rvia (Ohms)

100 88 1.325 1.7 × 10-4

Cross section of 
Au Solid Filled Via

Cross section of 
Hollow Plated Via

Cross section of 
Cu Solid Filled Via

Cross section of 
Polyimide Filled Via

Cross section of 
Polyimide Filled Via at 200X


