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Outline

ÅEnemies of Precision:

ÅñHiddenò components
ÅNoise

ÅCrosstalk

ÅAnalog-to-Analog

ÅDigital-to-Analog

ÅEMI/RFI

ÅPoor Grounds

ÅThermal Instability

ÅLeakage Currents

ÅOptimize the Signal Chain at the PCB



What is Precise?

ÅSignal Range Is Critical

Åõ10V Is A 20V Range

Å16 Bits: 20V/65536 = 305µV Per LSB

Å24 Bits: 20V/16777216 = 1192nV Per LSB

Åõ2.5V Is A 5V Range

Å16 Bits: 5V/65536 = 76.3µV Per LSB

Å24 Bits: 5V/16777216 = 298nV Per LSB

Åõ0.020V Is A 0.040V Range

Å16 Bits: 0.040v/65536 = 0.610µV Per LSB

Å24 Bits: 0.040V/16777216 = 2nV Per LSB



Enemy #1: ñHiddenò Components

ÅResistance

ÅInductance

ÅCapacitance



All Materials have a Finite Resistance

For PCB Trace

For Wire

For 1 oz. Copper:

ɟ = 1.724 x 10-6Ø-cm  for Y = 0.0038cm

R = 0.45 Z/X mØ= number  of ñsquaresò

R = sheet resistance for 1 ñsquareò

( Z = X ) = 0.45mØ/square

R = ɟZ/XY
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PCB Trace Resistance

Å1 inch (7 mil) trace of 1/2 oz copper 

with 10ɛA of current => voltage drop 

of 1.3ɛV 

Å4 LSBs (298nV) at 24 bits!

1 inch
1.3µV

10µA



PCB Inductance

Wire:

PCB:

L

2R

Inductance = 0.0002L   ln             - 0.75    ëH

Example:

L = 10cm

2R = 0.5mm

This wire has 105nH of inductance
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(    )Inductance = 0.0002L  ln                + 0.2235               + 0.5    ëH

Example:

L = 10cm

W = 0.25mm

H = 0.038mm

This PC track has 141nH of inductance
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PCB Capacitance

ÅTwo Cu plates with PCB material dielectric

ÅTwo 10 mil traces on a multi layer PCB, 10 mil between layers

Note: 10 mil = 0.25 mm.

A = 0.25 mm x 0.25 mm

Permittivity of FR4 å 4.7

äo = 8.84 x 10 -12



0.4mm (0.0157ò) via with 1.6mm (0.063ò) thick PCB has å1.2nH

1.6mm (0.063ò) Clearance hole around 0.8mm (0.031ò) pad on FR-4 has å0.4pF

Component: Vias 

Purpose: Interconnect traces on different layers

Problem: Inductance and Capacitance

PCB Vias

er = PCB material permeability (FR-4 å 4.5) 
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Bypass Capacitors

ÅUsed in all analog applications

ÅUsed for bypassing (cleaning up) 
power supplies

ÅMost op amp applications use two 

types for the two roles they must fill



Poor Bypassing

Good Bypassing

Bypass Capacitors

ÅDO NOT have vias between 

bypass caps and active device ï

Visualize the high frequency 

current flow !!!

ÅEnsure Bypass caps are on 

same layer as active component 

for best results.

ÅRoute vias into the bypass caps 
and then into the active 
component. 

ÅThe more vias the better.

ÅThe wider the traces the better.

ÅThe closer the better 



Enemy #2: Noise and Crosstalk

ÅNoise = anything in your signal that is 

not your signal

ÅMay couple from signals on your 

board, or

ÅFrom signals external to your board



Source of Electromagnetic Energy

RF generating sources

Intentional radiators

Åcell phones

Åtransmitters & transceivers

Åwireless routers, peripherals

Unintentional radiators

ÅSystem clocks & oscillators

ÅProcessors & logic circuits 

ÅSwitching power supplies

ÅSwitching amplifiers (class D)

ÅElectromechanical devices

ÅElectrical power line services

Electromagnetic wave

representation

E

H

t

f = 1/ t (per cycle)



How radio frequency energy comes about 

in circuitry

sin x

x

1/T0 2/T0 3/T0 4/T0

T0

Complex frequency domain in 

Polar form



Coupling Medium: Conducted Emissions



Coupling Medium: Radiated Emissions



Radiated Noise: Long Traces

ÅTrace going into 10-bit or 12-bit ADC 

input is longer than a few inches

Emitted Noise



Analog receptors: 

electromagnetic energy

Op-amps
Low-speed: offset shift, RF noise

High-speed: linear and non-linear

amplification

Converters
EMI aliased into passband

offset shift

Regulators
offset shift in output voltage



a Loop ïthe path current follows

Loops

Å Introduces 

unintended 

inductance in the 

current path where:

VL = L di/dt

Å May result in multiple 

AC signals sharing a 

current path

Å May become a loop 

antenna that couples 

EMI/RFI 

The common-mode return loop

may be difficult to predict



Traces That Form a Loop

Ground

Signal Path
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Loop Area Influences Inductance


