
FUNDAMENTALS OF 
EMBEDDED PASSIVE

COMPONENTS

Greg Link
Topsearch Printed Circuits LTD



BURIED 
CAPACITANCE



Power Distribution ModelPower Distribution Model

ZicCc

Lcp

Lcg

Cb

Lbp

Lbg

Vs

Zsg      Zbg

Zsp       Zbp                                  Zcp

Zcg

Supply                Backplane                          Daughter Card

Vload = Vs - (Vdc + Vac)



Power Distribution ModelPower Distribution Model
Vload = Vs - (Vdc + Vac)

Vdc = Idc(Rs + Rb + Rc) = the dc voltage drop through 
the system.
Idc is the dc current
Rs is the source resistance
Rb is the backplane resistance
Rc is the card resistance

Vac = Iac (Zs + Zb + Zc) = the ac voltage drop through 
the system with corresponding impedances relating 
to each section of the system.



Add SMT CapacitorAdd SMT Capacitor
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The Cap CircuitThe Cap Circuit
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Add SMT CapacitorAdd SMT Capacitor
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At high frequenciesAt high frequencies
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Buried CapacitanceBuried Capacitance
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Capacitance EffectsCapacitance Effects
Capacitive Function
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DK = 4, 0.002" dielectric thickness DK = 20, 0.002" dielectric thickness
DK = 4, 0.001" dielectric thickness DK = 20, 0.001" dielectric thickness



Thick Film TechnologyThick Film Technology
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EMERGING TECHNOLOGIESEMERGING TECHNOLOGIES

Capacitance Inductance Dim
Stability

Handling Voltage
With-

standing

Distributed
or Discrete

BC-2000 Low Low Moderate Acceptable High Distributed

Thick film
High DK

High Very Low Low Difficult Low Discrete or
Distributed

Emcap High High Moderate Difficult High Distributed

Thin Film Very High Very Low NA NA Very
Low

Discrete
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Rectangular Resistor ValuesRectangular Resistor Values
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Rectangular Resistor ValuesRectangular Resistor Values
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Annular Resistor ValuesAnnular Resistor Values
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Temperature Rise vs Power Density for Different Areas

R1 = 25Ω area of R1 = 0.500 x 0.500 = 0.2500 in2

R2 = 25Ω area of R2 = 0.250 x 0.250 = 0.0625 in2

R3 = 25Ω area of R3 = 0.125 x 0.125 = 0.0156 in2

R4 = 25Ω area of R4 = 0.063 x 0.063 = 0.0039 in2

R5 = 25Ω area of R5 = 0.031 x 0.031 = 0.0010 in2



Temperature Rise vs Power Density for Different Core Thickness and Cladding

       Core Thickness       Cladding
R1 = 250Ω 0.0025 in 1R25/0 (unclad)
R2 = 250Ω 0.0025 in 1R25/1 (clad)
R3 = 250Ω 0.025 in 1R25/0 (unclad)
R4 = 250Ω 0.025 in 1R25/1 (clad)
R5 = 250Ω 0.062 in 1R25/0 (unclad)
R6 = 250Ω 0.062 in 1R25/1 (clad)



R Tolerance Laser TrimmingR Tolerance Laser Trimming

R before trim vs after 1st cut
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R ToleranceR Tolerance
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Plated 2% 3% 5% 5% 15% <1%

PTF 1% 5% 0-5% 5% 11-16% <1%

  Thin Film 0-1% 1% 1% 1% 3-4% <1%

TF on Foil 0-1% 1% 1-5% 5% 3-12% <1%

Assumptions:

0.010 - 0.012” smallest dimension

18”x24” panel
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