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Schedule of Demonstrations

TDR of basic transmission line

— open circuit, matched termination, short circuit,
underterminated

TDR of a line with slots in the ground plane
TDR of a line with two vias

Crosstalk demonstration
— homogeneous medium

— Inhomogeneous medium
— source terminated

— perpendicular crosstalk

Frequency dependent loss
— TDT of line
— response to data sequence
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The Sampling Scope/
Time-Domain Reflectometer

« HP 54750A Sampling Scope

— 54754A Differential TDR head
e 45ps step generator
e dual 18GHz sampling heads

— 54751A Sampling head
* dual 20GHz samplers

— Inputs +/- 2V Max! oo EEEC oo DUEy ——
SR - B

— 3.5mm/SMA connectors _ mn o R

i
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The Pulse Generator

« HP 8133A

— 3GHz pulse generator
— Square wave

— Pulse

— 32-bit sequence
— PRBS sequence
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TDR of Basic Line

P
P

Open circuit

P
P

Matched termination

B—  Short circuit

A A

—R]
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D—R}— Underterminated
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Open Line

Marker
Mode

| NENUEL
x1, ¥1 Source

| channel 1

%1 Position

Y1 Position

w2, Y2 Zource
[Lchannel 1 |

%2 Position

500.0 ps/div 41.6100 ns 45. 9200 ns
1 100 mUsdiv 196 mu kS

Y2 Position

3.0 ns from start of line to reflection implies line is ns long
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: Compare slope of edge
Open Line at start of line with slope
after two round trips.

Mode
| NENUEL
A1, Y1 Source

channel 1

xl Position

42,9550 ns

Y1 Position

w2, Y2 Zource

channel 1

®2 Positiaon
45.9200 ns

100 mlAdiy 196 ml
Y2 Position
o.0 u
o.0 u
1/0%

EE273, Demo, Feb 9, 2001 Copyright (C) by William J. Dally, All Rights Reserved 7



Matched Termination

.}
EE273, Demo, Feb 9, 2001 Copyright (C) by William J. Dally, All Rights Reserved 8



Short Circuit

(D
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“Ring-Up” of Underterminated Line

Marker

Mode
[Lmanual

nl,

Y1 Source

channel 2

%1 Position

45. 7050 ns=

Y1 Position

F00 pll

Y2 Zource

channel 2

%2 Position

41.6100 ns 535.2700 ns

12
5.000 nsSdiw
5.0 mlAddw 10,5 ml

Y2 Position

7.0 mbl
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Close-up of TDR Rise-Time

Channel 1

Displa

Offset
121.2 ml

Bandwidth

Alternate
scale...

L2089 ns

Calibrate...
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TDR of Line with Slots in Ground Plane

Coupon 7: Return
plane slots

A

Board layer stackup

Signal 1 (0.5 oz)

Plane 1 (0.5 0z)
Signal 2 (0.5 oz)

2
ielectric: GE

GETEK Laminate
o Signal 3 (0.5 0z)

Plane 1 (0.5 oz)

62 (overall)
RTINS

Signal 4 (0.5 oz)
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From Side with Narrow Slot

\

' N '" f T \/
" Open end

T

I_l____,_..l '...-u-’ T
SMA Slot 2

Slot 4 of line
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From Side with Wide Slot

Channel 1

Displa

50.0 mllAdiw

Of fset
301.0 ml

Eandwidth

Alternate
500.0 psSdiw 45,4600 ns scale. ..

1 50.0 mUldivw 301 mil

Calibrate...
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Line with Two Vias

18mil 36mil

mEs \—o—

2.00

.}
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Vias from the 18mil side

Channel 1

Displa

scale
5.0 mlSdiw

192.6 ml

Eandwidth

Alternate
500.0 psSdiw 44,7870 ns scale. ..

1 5.0 mUAdiw 193 mu

Source off

Calibrate...
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Vias from the 36mil side

(D
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Setup for Crosstalk Demonstration

= X B

~ Signall

Coupon 9: Homogeneous &
- : - : inhomogeneous crosstalk

8 mil conductors, 5 mil spacing | el et

S@ge '
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—rosstalk Between Surface Traces
Source end of two open lines

Stimulus — !I
w‘_

Near end
of victim |

Edge on stimulus occurs
inside scope far off left

edge of screen - <+— |ength of coupled segment
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Terminate far end of victim
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Terminate far end of aggressor

Stimulus
-—)
Near end
of victim =

Far end
of aggressor —p

Far end =
of victim

(D
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Surface Traces vs Internal Traces

EE273, Demo, Feb 9, 2001

Board layer stackup

Signal 1 (0.5 oz)

Plane 1 (0.5 0z)
Signal 2 (0.5 oz)

N
electric: GE
GE_TEK Laminate

Signal 3 (0.5 oz)

Plane 1 (0.5 oz)

62 (overall)
TR T

Signal 4 (0.5 oz)
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Crosstalk in Homogeneous Medium
Source end of source terminated lines
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Terminate far end of victim

(D
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Terminate far end of aggressor
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Perpendicular Crosstalk Demonstration

(D
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Perpendicular Crosstalk

TETET

Persistence

variable ERIFRTRLE

Persist ftime

1 s

Color grade
off...

Draw wavefarm

Graticule...

51.1509 n=
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Setup for Frequency-Dependent Loss
Demonstration

\_uwt"wu uUHFV"-’—/
e oupon 1: ~1m surface
———————— 1y trace (Signal 1) for

i : : skin-depth measurements

Coupon 2: ~Im
internal trace (Signal 2) for
skin-depth measurements

=
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Freqguency Dependent Attenuation
Step Response

Time base
Zcale

| 100.0 psidiw

Positian
57.4040 ns
Reference

left center

Hindowing

dizabled EEEIRE

100.0 ps/diwv 57.4040 ns
current
Rizetimef2) 269 ps
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Freqguency-Dependent Attenuation
Eye Diagram

Setup print

Print format

Destination
dizk

.GIF file

51.1509 n=
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Frequency-Dependent Nature of Attenuation

51.1509 n=

1.5GB/s 3.5GB/s
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1Gb/s vs 3Gb/s
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Imvs 2m
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