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State of the Art 1968













Real Time Sampling
vs

Equivalent Time Sampling







































ET Sampling Architecture











The Analog Way





Fast Edges c. 2019
I NE555:

I 74HC04:

I 74AC04:

I 74LVC1G04:

I ECL Gate:

I SiGe Transistors:

I CML Comparator:

I CML Gate:

I Limiting Amplifier:

I Laser Diode Driver:

I Unobtainium CML Gate:
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First Analog Sampler
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The Digital Way
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Comparator Samplers: A Brief History
1975

S. P. McCabe III, “A sampling voltage tracker for analyzing high speed wave-
forms,” M.S. thesis, University of California, Los Angeles.

1987-2008
NIST Sampling Waveform Analyzer

2014
$300 Sampling Scope Kickstarter Campaign (unsuccessful)



Suitable Comparators

Part Bandwidth (GHz)∗ Cost ($, qty 1)
ADCMP562 1.5 6

ADCMP567 5 8

ADCMP582 8 20

HMC674 9.3 40

HMC874 10 70



Timebase (Delay) Technologies
I Resistor-Varactor

I Voltage Ramp / Comparator

I Gated Ring Oscillator

I FPGA Techniques

I Switched Gate Delays







Proto 2

I Input Range:

I Vertical Resolution:

I Rise Time:

I Bandwidth:

I ET Sample rate:

I TDR Resolution:

I BOM Cost:

± 2 V

1 mV

48 ps (10%–90%)

7 GHz∗

100 GS/s (500–1000 GS/s ?)

≈ 5 mm (FR4)

< $100 USD





Proto 1 Tek 11801B / SD-24



Proto 1 Tek 11801B / SD-24















Light travels 14.4 mm in 48 ps



Applications

I Time Domain Reflectometry (TDR)

I Eye Diagrams

I Discovery



Time Domain Reflectometry

(TDR)



















Problem:

Design a 50-Ohm Coplanar Waveguide





Coplanar Waveguide Calculators
50-Ohm CPWG; OSH Park 2-layer stackup, 6 mil gaps, 50-mil vias

30.5 mil trace

I AppCAD

31.7 mil trace

I TXLINE

32 mil trace

I KiCAD PCB Calculator

I 1 Web Calculator

38.7 mil trace

I Sonnet Lite

40 mil trace

I Saturn Toolkit

I 4 Web Calculators



As Designed 6= As Built













EYE DIAGRAMS





















DISCOVERY
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What Next?
Proto 3

I Better Name

I 32-bit CPU

I Timebase Enhancements

I Integrated Power Supply (USB)

I KiCAD ?

Applications
I UWB RADAR

I LiDAR



Thanks!



Get In Touch!

hackaday.io/ted.yapo
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