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Source:

https://github.com/raspberrypi/documentation/blob/develop/documentation/asciidoc/computers/raspberry-pi/images/4-model-b.jpg

https://datasheets.raspberrypi.com/rpi4/raspberry-pi-4-reduced-schematics.pdf

Power Delivery 

path length: ~27mm

Theory behind power delivery I

Raspberry Pi is a trademark of Raspberry Pi Ltd.
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Theory behind power delivery II

Motherboard/Base

Illustration only, not to scale

VR VR

Power consumed by the IC(s) on 

the top side of the substrate needs 

to be transported by the copper 

layers/vias from bottom to top.

Standard ICS cores have a height 

of 800-1200 µm and do rely on 

paste filled plated MTH holes.
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Theory behind power delivery III

Illustration only, not to scale

Use case: 

250A, 5000 MTH plating thickness 15µm, in total 100.000 vias, 8-2-8 build-up, power delivery considered only

~27% ohmic losses | BU vias

~69% ohmic losses | MTH vias

~4% losses | BU layers
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Power Delivery IV

Which technical possibilities do we have to reduce power delivery 

losses?
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Optimize core and replace it by a multi-layer core

Instead of plated MTH use copper filled through holes

Redesign overall power supply by the use of embedded 

components
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Heavy metal
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Core via losses vs. temperature 

4-layer MLC core

Overall thickness: 800 µm

MTH: 150 µm, laser: 60 µm (filled)

Simulation case: 2A per MTH

Optimization: 

reduced MTH length

Decreased losses

Graphic shows:

Temperature vs. plating thickness

Current density vs. plating thickness

Optimize core and replace it by a multi-layer core (MLC)
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Copper filled holes

▪ X-section of filled mechanical through hole

▪ Differential drilling, i.e. using two different drill 

diameters

▪ Filled MTHs with electrolytic copper

▪ Thick copper layers for (high) lateral transfer

▪ Multilayer stack-up example consisting of two cores

Instead of plated MTH use copper filled through holes
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Simplified process flow

Instead of plated MTH use copper filled through holes

Preparation of 
both cores

Lamination of  
individual cores

MTH drilling

MTH (plating / 
filling)

Lithography

Re-Lamination

Laser via 
drilling (MLC)

Laser via filling
(MLC)

Lithography

AOI & test

Process flow similar to standard multi-core build-up
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Embedding process flow

Redesign overall power supply by the use of embedded 

components
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Multi-layer core using embedded components

Redesign overall power supply by the use of embedded 

components

L1
L2

L3

L4

L5

L6

Embedded core 1

Embedded core 2

Copper filled MTH

4, 6 and 8-layer 

construction possible

active and passive components

Increased copper height on core layers possible

Illustration only, not to scale
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Process flow MLC including embedding

Redesign overall power supply by the use of embedded 

components

Individual core 
lithography

Cavity cutting

Component assembly

Component 
encapsulation

Laser via drilling 
(component)

Laser via filling 
(component)

Individual core 
lithography

Individual core

lamination
MTH drilling

MTH (plating / filling)

Lithography

Lamination
Laser via drilling (BU-

layer)

Laser via filling (BU-
layer)

Lithography

AOI & Test
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Traditional vs. Optimized

Redesign overall power supply by the use of embedded 

components

Motherboard  

VR

IVR

IPD IPD

Traditional Optimized

Illustration only, not to scale

VR
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Early prototype build

Redesign overall power supply by the use of embedded 

components

▪ Early 6-layer MLC including 2 

active embedding layers 

▪ Filled MTH not visible in cross 

section

▪ Component connection single 

sided
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Warpage

Redesign overall power supply by the use of embedded 

components

1

1

1

1

3b

3
a

4c

4a

3
b

3a

4d

4
b

▪ Graphical mapping for 

substrate warpage topography 

including embedded 

components

▪ Topography delta in C4 area 

~100 µm (blue-ish area).
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▪ Embedding might be used for 

power delivery as well as signal 

integrity

▪ Optics are in development and 

will in near future optimize data 

throughput
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Conclusion
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Various scalable 

options help to 

improve power 

efficiency in ICS

Glass core 

supports optical 

channels for 

increased data 

throughput in 

future 

(in development)

Warpage analysis 

ensure that the C4 

area is not 

effected by the 

MLC construction

Embedding of  

actives and 

passives enables 

various 

possibilities in 

power delivery and 

signal integrity

Depending on the 

application, 

electro-thermal 

simulation helps to 

optimize cost  and 

performance 

C4 area not 

effected by using a 

multi-layer core
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This presentation is provided by AT & S Austria Technologie & Systemtechnik Aktiengesellschaft, having its headquarter at Fabriksgasse 13, 8700 Leoben, 

Austria, or one of its affiliated companies (“AT&S”), and the contents are proprietary to AT&S and for information only.

AT&S does not provide any representations or warranties with regard to this presentation or for the correctness and completeness of the statements contained 

therein, and no reliance may be placed for any purpose whatsoever on the information contained in this presentation, which has not been independently verified. 
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result, actual developments, results, performance or events may vary significantly from the statements contained explicitly or implicitly herein.
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use by, any person or entity that is a citizen or resident or located in any locality, state, country or other jurisdiction where such distribution, publication, availability 

or use would be contrary to law or regulation or which would require any registration or licensing within such jurisdiction. 
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