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€ EMI/RFI noise sources can couple from anywhere
€ Some common sources of externally generated noise:

® Radio and TV Broadcasts

® Mobile Radio Communications

® Cellular Telephones

@ Vehicular Ignition

@ Lightning

® Utility Power Lines

® Electric Motors

® Computers

® Garage Door Openers

® Telemetry Equipment
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€ Impedance mismatches and discontinuities
€ Common-mode impedance mismatches — Differential Signals
€ Capacitively Coupled (Electric Field Interference)
® dV/dt — Mutual Capacitance — Noise Current
(Example: 1V/ns produces 1mA/pF)
€ Inductively Coupled (Magnetic Field)
® di/dt — Mutual Inductance — Noise Voltage
(Example: 1ImA/ns produces 1mV/nH)
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€ Common-impedance noise
® Decouple op amp power leads at LF and HF
® Reduce common-impedance
® Eliminate shared paths

€ Techniques

® Low impedance electrolytic (LF) and local low inductance
(HF) bypasses

® Use ground and power planes
® Optimize system design
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€ Reduce Level of High dV/dt Noise Sources
€ Use Proper Grounding Schemes for Cable Shields
€ Reduce Stray Capacitance
® Equalize Input Lead Lengths
® Keep Traces Short
® Use Signal-Ground Signal-Routing Schemes
Use Grounded Conductive Faraday Shields to Protect
Against Electric Fields
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€ Careful Routing of Wiring
€ Use Conductive Screens for HF Magnetic Shields
€ Use High Permeability Shields for LF Magnetic Fields
(mu-Metal)
Reduce Loop Area of Receiver
® Twisted Pair Wiring
® Physical Wire Placement
® Orientation of Circuit to Interference
Reduce Noise Sources
® Twisted Pair Wiring
® Driven Shields
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LP Filter Type ADVANTAGE DISADVANTAGE

RC Section Simple Resistor Thermal Noise
Inexpensive Ie X R Drop = Offset
Single-Pole Cutoff

LC Section Very Low Noise at LF Medium Complexity
(Bifilar) Very Low IR Drop Nonlinear Core Effects Possible
Inexpensive
Two-Pole Cutoff

T Section Very Low Noise at LF Most Complex
(C-L-C) Very Low IR Drop Nonlinear Core Effects Possible
Pre-packaged Filters Expensive
Multiple-Pole Cutoff
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Always Assume That Interference Exists!

Use Conducting Enclosures Against Electric and HF
Magnetic Fields

Use mu-Metal Enclosures Against LF Magnetic Fields
Implement Cable Shields Effectively
Use Feedthrough Capacitors and Packaged PI Filters
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SHIELDED SHIELDED SHIELDED
ENCLOSURE A INTERCONNECT ENCLOSURE B

CABLE

LENGTH =L

N
4 N

/717FULLY SHIELDED ENCLOSURES CONNECTED BY FULLY 7/ [ /
SHIELDED CABLE KEEP ALL INTERNAL CIRCUITS AND
SIGNAL LINES INSIDE THE SHIELD.

® TRANSITION REGION: 1/20 WAVELENGTH
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€ V, Causes Current in Shield (Usually 50/60Hz)

€ Differential Error Voltage is Produced at Input of A2 Unless:
® Al Output is Perfectly Balanced and
® A2 Inputis Perfectly Balanced and
® Cable is Perfectly Balanced
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Shield Carries Signal Return Current

COAX CABLE
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