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Transmission Lines
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Transmission Lines for On-Wafer Wiring
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Transmission Lines: Waves, Voltage, Current
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Reflections
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Pulse Reflections on Transmission Lines
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Relating Lumped and Distributed Circuits
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Short Tramission Lines Can Be Modeled as L's and C's
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Skin effect loss

periphery. carrying-current effective  theis  P where,)1(1 

lengthunit per  resistance series added has Line

ty.conductivi  theis  where
2/

 depth skin oneby conductor   thepenetratesCurrent 

δσ

σ
ωµσδ

j
P

Zsurface
+

=

=

H 

W 

~W +2H



ECE194J /594J notes, M. Rodwell, copyrighted 2011

package resonance
and grounding
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What is Ground Bounce ?

ADC digital
sections

input
buffer

ground return
currents

Lground

∆Vin
ground
bounce
noise

"Ground" simply means a reference potential shared between many circuit paths. 

To the extent that it has nonzero impedance, circuits will couple in unexpected ways

RFI, resonance, oscillation, frequently result from poor ground systems
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Ground Bounce on an IC: break in a ground plane

signal line 

signal line 

ground plane 

line 1

“ground”

line 2

“ground”

common-lead inductance

coupling / EMI due to poor ground system integrity is common in high-frequency systems
whether on PC boards
...or on ICs.
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Ground Bounce: IC Packaging with Top-Surface-Only Ground

Bond wire inductance aggravates the 
effect: resonates with through-wafer 
capacitance at 5-20 GHz

Peripheral grounding allows parallel plate mode resonance
die dimensions must be  <0.4mm at 100GHz

IC: parallel-plane transmission line

peripheral
bond inductances

peripheral
bond inductances
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power-supply resonance
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Power Supply Resonance
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Power Supply Resonances; Power Supply Damping
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90 GHz--local resonance between power supply capacitance and supply lead inductance

~N*5GHz resonances--global standing wave on power supply bus

Power supply is certain to resonate: we must model, simulate, and add dampling during design.
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Standard cell showing power buses
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Interconnects:
Summary, 

Design Strategy
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fewer breaks in ground plane than CPW

IC Interconnects  -- Thin-Film Microstrip

narrow line spacing → IC density

... but ground breaks at device placements

still have problem with package grounding

thin dielectrics → narrow lines
→ high line losses
→ low current capability
→ no high-Zo lines
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...need to flip-chip bond

no substrate radiation, no substrate losses

InP mm-wave PA 
(Rockwell)
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No breaks in ground plane

IC Interconnects  -- Inverted Thin-Film Microstrip

narrow line spacing → IC density

... no ground breaks at device placements

still have problem with package grounding

thin dielectrics → narrow lines
→ high line losses
→ low current capability
→ no high-Zo lines

...need to flip-chip bond

Some substrate radiation / substrate losses

InP 150 GHz master-slave latch

InP 8 GHz clock rate delta-sigma ADC
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VLSI  Interconnects with Ground Integrity & Controlled Zo

negligible breaks in ground plane 

narrow line spacing → IC density

negligible ground breaks @ device placements

still have problem with package grounding

thin dielectrics → narrow lines
→ high line losses
→ low current capability
→ no high-Zo lines

...need to flip-chip bond

no substrate radiation, no substrate losses
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No clean ground return ? →  interconnects can't be modeled !

35 GHz static divider
interconnects have no clear local ground return
interconnect  inductance is non-local
interconnect inductance has no compact model

InP 8 GHz clock rate delta-sigma ADC

8 GHz clock-rate delta-sigma ADC
thin-film microstrip wiring
every interconnect can be modeled as microstrip
some interconnects are terminated in their Zo
some interconnects are not terminated
...but ALL are precisely modeled
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Active Devices: 
Bipolar Transistors 
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HBT Physical Structure
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Physical structure, symbolic
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HBT hybrid-Pi equivalent-circuit model
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Active Devices: 
MOSFETs
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MOSFETS
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MOSFET DC Characteristics
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Knee Voltage: Mobility-Limited Case
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Knee Voltage: Velocity-Limited Case
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MOSFET Transconductance
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Linear vs. Square-Law Characteristics: 90 nm
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90 nm MOSFET DC Characteristics
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Device Structure and Model
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