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Lecture topics

» Reflection concepts
» Reflection coefficients
» Basic cases:
— Matched and open circuit
« Generalized mismatches
— Source and load
« Bounce chart/lattice diagram
» Reflections from discontinuities
« EMI and EMC
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Objectives

Understand origins of reflections

Determine reflection waveforms by
bounce chart

Calculate effects of discontinuities

Calculate EM radiation and
susceptibility in basic case
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1. Reflection Coefficient
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2. Basic examples

« 3 significant cases: I'y = (R -Z,) (R +Z,)
— Matched load R, =2Z,—-T,=0
— Open circuit load R = © — I\, = +1
— Short circuitload R, =0 — I\, =-1

« Similarly at the source end:
- Fvs (Rs-Zo)/ (Rs"'zo) Rs=2Zy—Tys=0
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FIGURE 6.17  Termination at the receiving end: Rs =0, R, = Z,
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FIGURE 6.18 Termination at the source end: Rs = Zy, R, = o0
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FIGURE 6.8 Waveforms for various Rs and Zg combinations in the circuit in
4/15/2012 Fig. 6.7. As can be seen by the /;,, /v markers, the time axes of the plots are not
Jrawn at the same scale for clarity. The top plot R. = 10Z, has the longest delay.




3. Mismatched load &/or source

« 1 volt pulse, Z,=78Q
— Consider R, =78Q cases first, then vary R|

+ ()R =Z,
 (b) Rg<<Z,
+ (0) Rs >>Z
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4/15/2012 Same as Figure 3-9, but driver resistance is 320 1.




4. Bounce chart/lattice diagram

Calculate reflection coefficients
Distance / time diagram
Transfer data to waveform plots
Examples:

— (1) Open circuit line

—(2) Two segment line
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Figu}'t'z 6.14 Voltage waveforms at source (dotted line) and receiver (solid line), L-to-H 18
transition, R; > Z,. See Fig. 6.13.
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Figure 6.16 Voltage waveforms at (a) source, (b) junction of the two transmission line 21
segments and (c) far end. See Fig. 6.15.
5. Discontinuities
» Capacitive loads (MOSFETS)
» Stubs
« Multiple loads
» Line geometry changes
— bends
—vias
* Non-linear loads
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FIGURE 6.22 Capacitively terminated transmission line
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FIGURE 6.6 Inductive and capacitive discontinuities. The transmission line
is driven by a signal generator with Rs = 2o, and the reflected waveforms are
observed at the source end. The line is either infinitely long or is terminated
with R = 2y at the far end. Two types of reflected waveforms are plotted

for each discontinuity: one assuming a step input (left) and another assuming a
finite-rise-time input (right).
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Figure 3-9. Discrete or Distributed Net Configurations. Note reflections fro
discontinuitics.
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Figure 6.3 A short stub (a) reflects as a capacitor (b).
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PQ, XY are board internal traces.
14 Vl’, V,V; are through vias. The path
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4/15/2012 ECE414/514 Electronics e

Packaging Spring 2012

14



L=
Point-To-Point %

Near-End-Ctuster

3=

./%
Far-End Cluster N
Rr

Discretely Loaded

TR R

Distributed

4/15/2012 Figure 3-8. Chip Interconnection Networks. 2

P Q
|Ro/2Lo/2 Lo/aRpfl

T

(b)
Figure 48 (a) A planar tend - top view; (b) Equivalent circuit
representation.

aq—p— — —
O—&— — —

4/15/2012 ECE414/514 Electronics 30
Packaging Spring 2012

15



Figure 342 Through holes.

Figure 3.43 Blind vias.

Figure 3.44 Buricd vias.
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Fig. 10. A via hole (a) top view (b) cross-sectional view (c) equivalent circuit model
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Propagation delay 7, Line is disuibuted if 9.1.4
Risctime degradation 2T, > 7,

Trr > Ta)

Ohmic drop Steady-state attcnuation 5.2

(frequency-independent)

Skin effect Slow dribble-up at 104
(frequency dependent)  transition

Reflection from lumped  Glitch accompanies 622
loads: every transition

(a) capacitor

(b) inductor

Undershoot on Parallel-tenminated line: 6.4
(a) shont line (at receiver): R < 2,
(®) long line -

Series-terminated line
(at source): R, > Z,

Overshoot on Parallel-terminated ine 6.4
(a) short tine (at receiver): R, > Z,
(b) Tong line

Scries-terminated line
(at source): R, > Z,

Spurious noises: Non-deterministic Chap.

* crosstalk association with every 7.8

* switching transition

o oscillations 35
o others

EMI/EMC Models: Loop/Dipole Antennas

Radiation

signal trace

dc:ﬁg: Loop current : receiver
ground trace ground trace cable
connection
1 //\\;
n
loop current 7777;77777'
4/15/2012 ECE414/514 Electronics 36

Packaging Spring 2012

18



\

<
~ |2 T
L
= >
A A
ng g M= E, g R,
I v I

Electromagnetic compatibility/interference models

EMI/EMC Models: Emissions

» At “far field” distance r (>A=c/f) from the line of length L and area A = L.d,
the radiated electric field strength is
+ E=Ep+Egy
+ where E; due to the differential current | is
« Ep=1316x10"f2Al,/r V/m
+ and E,, due to the common mode current I, is (for L<A)
« Equ=4nx107f LIy /r Vim
* where Iy = (l; +1,)/2 and Iy = (I - 1,)/2. Common mode currents are
ideally zero, but small values can lead to CM dominance over differential.
For the differential current, the maximum value can be taken to be the
supply current, but the user must specify a non-ideal common mode
estimate. For digital systems, use f=2n/t. For other geometries, other
expressions for A are valid.
» There are many different standards for EM radiation limits, but for
guidance the EU limit is E<100uV/m at r = 10m (class A) or 3m (class B).
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EMI/EMC Models: Susceptibility

jWHoLdHn
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Susceptibility

» For the line shown, with capacitance C per
unit length, e.g.

« C=mneggyin(dr,)
« for parallel wires, the induced voltages are
* Vs =-jo [RRs/ (R + Rg)I [LA] [C - (no/Mo)/RL]
* VL =+jo [RRs/ (R + Rg)] [Ld] [C + (ng/Mo)/Rs]
* where E = E;=nyH,, and ny = 120 = 377Q.

* As an example of an EU standard, the device
must function in a field of E = 3V/m.
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