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ET Sampling Architecture
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The Analog Way



4-Diode Sampler

Current pulse (+)

Current pulse (-)
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Fast Edges c.

NE555:

7T4HCO04:

T7T4AC04:
74LVC1GO04:

ECL Gate:

SiGe Transistors:
CML Comparator:
CML Gate:
Limiting Amplifier:
Laser Diode Driver:

Unobtainium CML Gate:
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First Analog Sampler



S o ‘ ;
f‘ G 8 ’
£ f\,,f:, iq 0' e StrObe

B AV










=/l




IN5711 Sampling Gate
Rise-time of 662 ps Edge

Sample (mV)

Trise = 2.57 ns
(corrected: 2.48 ns)

Bandwidth = 141 MHz
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TEK 6

HP 1430A HP 1430C PSPL $-1430D

Figure 1: Picosecond Domain Transient Step Responses of 9 Sampling Heads
Input step from HP-1106A TD pulser. 50 mV/div and 20 ps/div.

Copyright (C) Tektronix. Reprinted with permission. All Rights Reserved.



The Digital Way
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Comparator Samplers: A Brief History

1975
S. P. McCabe Ill, “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
ADCMP562
ADCMP567
ADCMP582
HMC674
HMC874
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Timebase (Delay) Technologies

P Resistor-Varactor

» Voltage Ramp / Comparator
» Gated Ring Oscillator

» FPGA Techniques

» Switched Gate Delays
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Proto 2

Input Range:
Vertical Resolution:
Rise Time:
Bandwidth:

ET Sample rate:
TDR Resolution:
BOM Cost:

+2V

1 mV

48 ps (10%-90%)

7 GHz*

100 GS/s (500-1000 GS/s ?)
~5 mm (FR4)

< $100 USD
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VNA Output: 2.75 GHz
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Channel 1 (mV)
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Light travels 14.4 mm in 48 ps



Applications

» Time Domain Reflectometry (TDR)
» Eye Diagrams
» Discovery



Time Domain Reflectometry
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Problem:

Design a 50-Ohm Coplanar Waveguide



Regulators  Track width  Electrical Spacing  TransLine =~ RF Attenuators Color Code  Board Classes

Substrate Parameters

Transmission Line Type: Physical Parameters:

Microstrip Line

Er: | 45 W: | 32 mil v
Coplanar wave guide
TanD:  0.02 S |6 mil v
Coplanar wave guide with ground plane
Rho: | 1.72e-08 L: | 319.67 mil v
Rectangular Waveguide
Coaxial Line iy 50 mil
Coupled Microstrip Line T 14 mil v ¥ Analyze Synthesize 4

Stripline muRelC: 1 Electrical Parameters:

Twisted Pair Z0: 50.0085 Ohm V¥

Ang_l:  14.8861 Degree v

S WS Componenk Parameters: Resulks: I

e e ] ErEff: 2.33093
Frequency: 1 GHz v i

Conducter Losses: 0.00865152 dB
Dielectric Losses: 0.016567 dB
Skin Depth: 2.0873 pm




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

30.5 mil trace 38.7 mil trace

» AppCAD » Sonnet Lite
31.7 mil trace 40 mil trace

> TXLINE » Saturn Toolkit
32 mil trace > 4 Web Calculators

» KiCAD PCB Calculator
» 1 Web Calculator
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Coplanar Waveguide with Ground Plane
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Coplanar Waveguide with Ground Plane
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EYE DIAGRAMS
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225 Mbps NRZ
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Channel 1 (mV)

225 Mbps NRZ PRBS-11 (Reference)
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Channel 1 (mV)
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DISCOVERY
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Figure 1. ULTTL Output Structure
Image courtesy of Texas Instruments (SCEA027A)




What Next?

Proto 3
» Better Name
> 32-bit CPU
» Timebase Enhancements
» Integrated Power Supply (USB)
» KiCAD ?
Applications
> UWB RADAR
> LiDAR



Bil Herd




Get In Touch!

hackaday.io/ted.yapo
Otedyapo

8 GHz Sampling Oscilloscope The Rise and Fall of Pulses
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