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(a) Thermal circuit shows two primary heat transfer paths:
* Heat sink / coldplate
* PCB
(c) Heat transfer modes:
* Convection: transfer of heat through forced air (or other liquid)
* Conduction: transfer of heat by direct contact
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(b) Exploded view of system represented in thermal circuit.
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For a square of copper W =L,
resistance is independent of size
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Where:

R = Total resistance

A = Cross-sectional area of plane

W = Width

T = Thickness, defined by copper weight

p = Resistivity of copper, typically 1.7pQ-cm (0.67uQ-in) at 25°C

Copper weight in oz | Thickness in mm [mils] | mQ/square at 25°C
0.5 0.02 0.7) .0
1 0.04 [1.4] 05
2 0.07 2.8] 0.25
For a square of adjacent power and return planes W = Len, _ Len _ 5 Len
inductance is dependent on dielectric thickness Lioop =Ho* w SHElole0 w
Len /

e

Len
Ligor =Ho*h* =5

Where:

#, = Permeability constant
Len = Length of plane

W = Width

h = Thickness of dielectric

[PHZmil [ Dielectric s T
32 |31 | 100pH |
1% 5. H|OF K&k 2 7|5kt 7|8t Al 2 ikt 4~ QIrt.
pL
185 A
-
)
Where:
R = Via resistance
A = Cross-sectional area of via
L = Vialength
t = Thickness of via plating
p = Resistivity copper, typically 1.7pQ-cm (0.67pQ-in)
*Note: resistivity of plated copper can be higher than pure copper; consult with pcb vendor
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Lower dielectric spacing will decrease inductance

but increase capacitance

0.0886°¢,°A
C(pF) ~ f’

Where:

C = Parasitic capacitance

h = Distance between planes (cm)

A = Area of common planes (cm?)

&, = Dielectric permeability (4.5 for FR-4)
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SE A(ESL: Equivalent Series Inductance)
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Place bypass capacitors as
close to device terminals

Use planes to connect.
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Via placement and
capacitor pad spacing matters!

O
—TT
O]

Minimize via separation:

o Place vias close to pads or use VIPPO

 Use smaller caps (0402) for
high-frequency bypassing

* Reverse-geometry caps can offer
lower inductance
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Caps in socket above
CPU to decouple load
from PDN

Caps at device output
attenuate ripple

VIPPO for 0402 caps
placed across terminals
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