TEDnovations, LLC \\

Innovation in Electronics

Realizing the Pl:ltli'nlél\ N
of ,,
High-Performonce Oata Conve

By Thomas E. Linnenbrink, Principal With comments from
M: 719-235-7327 Donald L. Herman, Jr.; LSkand=__~—\&
e: toml@tegnovations.com Michael J. Hoskins, PhD, Hittite Mi ««r%

October 2013 LLRF 13 Workshop \ |



-rEQnovatlons LLC

Innovat ion in Electronics

Hgendno

» Oata Sheet ond Reference Oesign Infarmation
» Power and Ground Straotegies

» Anolog/RF Signal/Oato Poths

» Sompling Clock Considerations

» Direct Conversion Considerations

» Performance Measures

» Summary

» Questions

October 2013 LLRF 13 Workshop 2



TEQnovations, LLC

Innovation in Electronics

/
A7

i

DATA SHEET AND REFERENCEN )
DESIGN INFORMATION |

{
v ‘
1 |

~ ‘

\ = A
\ .
‘ 3

154

October 2013 LLRF 13 Workshop




TEQnovations, LLC

——__Innovation in Electronics

Relerence Design

Marjorie Plisch, Jim Brinkhurst

TI Designs High Speed: Verified Design
Schematic and Layout Recommendations for the GSPS

ADC

w3 Texas INSTRUMENTS

Tl Designs High Speed

Tl Designs High Speed designs are analog solutions
created by TI's analog experts. Verified Designs offer
the theory, part selection, simulation, complete PCB
schematic & layout, bill of materials, and measured
performance of useful circuits. Circuit modifications
that help to meet alternate design goals are also
discussed.

Design Resources

Design Description

This reference design is a guide to the schematics and
layout for the system designer using a GSPS ADC in
their system. Use this reference design along with the
datasheet — the datasheet is always the final
authority. Also, the ADC1xDxxxx(RF)RB Reference
Board provides a useful reference design. All design
source files for the Reference Board as well as the
CAD/CAE symbols for the ADC are available on the
product web page for download. For the purpose of
this document, ADC or GSPS ADC refers to the
ADC12D1800RF, ADC12D1600RF, ADC12D1000RF,

Design Zip File Simulations, PCB, Gerber, BOM
ADC10D1000 Product Folder ADC12D800RF, ADC12D500RF, ADC12D1800,
ADC10D1500 Product Folder ADC12D1600, ADC12D1000, ADC10D1500,
ADC12D1000 Product Folder ADC10D1000, ADC12D1600QML, and
ADC12D1600 Product Folder ADC10D1000QML.
ADC12D1800 Product Folder
ADC12D500RF Product Folder
ADC12D800RF Product Folder R - "
T e ur Analog Experts
ADCIZDIOGORE  prodct Focer i, GO
ADC12D1800RF Product Folder T E2E™ 15 DEnn SO L
Community
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Re:nended Components
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Example Balun Circuits for Analog Inputs

From “Schematic and Layout Recommendations
For the GSPS ADC”, Tl/National Semi., April 2013
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Oetoiled Information

Design Resources

Design Zip File Simulations, PCB, Gerber, BOM

From “Schematic and Layout Recommendations
For the GSPS ADC”, Tl/National Semi., April 2013

October 2013 LLRF 13 Workshop 6



TEQnovatlons LLC o
——__Innovation in Electronics /

Required Components

HMCAD1520

HIGH SPEED MULTI-MODE 8/12/14-BIT
1000/640/105 MSPS A/D CONVERTER

CM_EXT
Input o—\ 3

=0 IPx
43 Q0
Input
Amplifier P pF ==
43 0
B

4[/ Sl INX

From “HMCAD1520” Data Sheet”, e
Hittite Microwave,
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POWER AND GROUND
STRATEGIES
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SIGNAL 1
as
possible POWER 1
As close POWER 2
as
possible GROUND 2
SIGMNAL 2

SIGNAL1

GROUND 1

POWER 1

GROUND 3

.

GROUND 4

POWER 2

.

October 2013

GROUND 2

SIGNAL 2
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Low-Iimpedance => Plaones

As close
as
possible

As close
as
possible
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Avoid Inadvertent Coupling Between Plones

LAYER 1
LAYER 2

ANALOG

LAYER 1
LAYER 2

DIGITAL

' I
From “Techniques for High Speed ADC App“es to all planes.

PCB Layout”, AN-1142, Analog Devices,
October 2013 LLRF 13 Workshop 10
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1.9V ADC Main

Vm VA VE VD‘R :
o
%

» Bypass each peninsulaindividually
From “Schematic and Layout Recommendations » Avoid neCking pOW@r buses
For the GSPS ADC”, Tl/National Semi., April 2013 > AVOld CheeS|ng ground/power planes
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Bypossing

> A large electrolytic caopacitor [e.qg., 10 pF] where
power supply connects to power plone

* Provides local charge reservoir for board
> Smaller chip copocitors [e.g. 10 - 100 nf] ot each IC
« Shorts high-frequency noise at IC

» Connect decoupling copaocitors to ground plane
through vias or very short troces in ball field

 Minimizes inductance to ground
» Measure resononces within copaocitors

ond/or omong paorallel copocitars
* Insures that bypassing is capacitive, not inductive

All capacitors are not created equal!

October 2013 LLRF 13 Workshop 12
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Decoupling

» Place ferrite in supply line near IC to localize noise

e i .
e T Tiow « Keeps external noise
" out of the IC
wo—1 9 1.
4.7@ ;10&' ] | ]
el  Keeps internal noise
o o 2 D L ithi
ST T generated within the
| IC from propagating to
-475v O )
o Lo the rest of the system
4.7.:'4_:=f "L 10eF
EEEEEEEELRE

From “HMC1061LC5” Data Sheet,
Hittite Microwave
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LAYER 1 - TOP SIGNAL
LAYER 2 - GROUND1 |

LAYER 3 - POWER1 | |

__ DIELECTRIC
LAYERS

LAYER 4 - POWER2

LAYER 5 - GROUND2 |

LAYER 6 - BOTTOM SIGNAL

DECOUPLING CAP L DECOUPLING CAP

From “Techniques for High Speed ADC > Massive eI dco n nection
PCB Layout’, AN-1142, Analog Devices, and/or heat extraction path
October 2013 LLRF 13 Workshop 14



TEQnovatlons LLC o
——__Innovation in Electronics /

- Foor EPAD Boord Layout

NOTICE THE BUBBLES.

ALAAAR RIS

silnigi{

)

P PR N

A dd EEREAREN & o

From “Schematic and Layout Recommendations for GSPS
ADC”, SNAA206 — April 2013, TI / National Semiconductor.
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From “Techniques for High Speed ADC
PCB Layout”, AN-1142, Analog Devices,
October 2013

El:ll:lrJ EF'FIEI Board Layout

1 H{ t“

IR Sy a2

-1t
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> Partition EPAD
area into multiple
smaller areas

» Fill vias to
prevent wicking
solder from
beneath EPAD

16
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Ploce Components to Monoge Return Currents

ANALOG to DIGITAL Digital MEMORY AND
CONVERTER Data SYSTEM INTERFACE
T [ T T
|ttt
! TRACK ! —
! AND . TIMING
1
GENERATOR
: HOLD < —>
_______ T— [ ——]
ANALOG / RF
SIGNA{ POWER SYSTEM
CONDITIONING CONDITIONING CONTROL
© ﬂ
=
[+%]
w E
&
¥ T . . T w g 2
2 S v v S = S =
5 = z 2 o = o =
= <) B = £ = o
< 0 o o 0 — &} )
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» Separate analog and
digital currents

» Connect ground planes

at a single point to
avoid ground loops

> Isolate signal paths
from clock paths to
prevent cross
modulation

17
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ANALOG/RF PATHS FOR
SIGNAL, CLOCK, AND DIGITAL DFI
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Anaolog ond Oigital RF Paths

> [Path behaves os o tronsmission line if its length is
> 1/40*" wavelength of the fundomental frequency

e Minimize trace stubs and back-drill vias to minimize stubs
« Keep stubs <1/10™" wavelength of clock period

» Rule of thumb: £ uomena = 0.3 7 L

» Square wave = fundomentaol plus odd harmonics
« Account for at least the 39 harmonic

» Increase line width ond thickness to minimi2e
resistive oand inductive loss

» Choose oppropriote dielectric to minimi2e dispersion
» Place path over quiet, continuous ground plaone

October 2013 LLRF 13 Workshop 19
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It's o Tronsmission Line!
[whether you know it or not)

Bad Better Best

SYNC SYNC SYMNC
RESET RESET RESET
PC trace controlled controlled
impedance impedance
line line

October 2013 LLRF 13 Workshop 20
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Single-Ended to Oifferential Conversiaon

> Baolun » Oifferentiol Amp

Analog Devices ADL5561
Analog Devices ADL5565

Tl (National) LMH6554
T3 c68 CM_EXT
1 ol-4 | |4.7nF VIN -
VIN C
] je sl : H‘?G?gnF Input i, 5 C— IPx
Capacitor 0402 10pF 1 43 Q0
Anarens0430J50100A00 Input
- Amplifier RN ==
43 0
VINQ 4 i 3 R70 100 ‘ ‘57202% = IN
\AAAS T T — [C72 e / S— X
6 av~v—~e_1 L/\/\ﬁ | |0.22uF vinG o —
Mini-Circuits TC1_1_13MA o |
From “Schematic and Layout Recommendations From “HMCAD1520” Data Sheet”,
For the GSPS ADC”, Tl/National Semi., April 2013 Hittite Microwave,

» Buffer (or filter) may be required to mitigate kick back
» Place in-line component close to end of transmission line
» Shadow (i.e. clear ground) pads of in-line components

October 2013 LLRF 13 Workshop 21
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Differential Signaoling Preferred for Oigital Paoths

Ground Plane 1 Ground Plane 2

» No return current in ground plane!

» Minimize ground-to-ground gap

» Maximize symmetry near paths
October 2013 LLRF 13 Workshop 22
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Oifferential Oato Poths

» ECL / CML / LVPRECL / HCSL
> LVvOS

» SERDOES
« 8b/10b Encoding
« Embedded clock
> JESO204B”
 8b /10b Encoding
« Embedded Clock
* Multiple, Synchronized Lanes
 Rates up to 12.5 Gb/s (10 Gb/s data)

* From "What is JESD204 and Why Should We Pay Attention to it?”,
MS-2374, Analog Devices

October 2013 LLRF 13 Workshop 23
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SAMPLING CLOCK
CONSIDERATIONS
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Jitter versus Signal Frequency

£ Aperture Uncertainty (+/- 0.5 Isb)
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2 4-bit

6-bit

8-bit

10-bit

12-bit

14-bit

16-bit

Jitter is independent
of sampling rate

Applies to carrier
+ signal

Graph shows
worst-case jitter

Error is proportional
to slew rate

tr,f =03/ fsignal

Two basic types

« Random
« Deterministic

Impact of jitter is
complex

25
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Twao Tuypes af Saompling Clocks

> Square wove
 For lower sampling rate converters
* t,;of about 15 ps
 Random jitter of about 200 fs

« Deterministic jitter of about 2 ps
» Matters if both edges of clock are critical

« Caution: high frequency content in edge!

> Sine wave
 For most higher sampling rate converters
 Band-pass filter phase noise
* No higher frequency components

October 2013 LLRF 13 Workshop 26
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Locaol Clock Sompling Generation

Crystal or foiock
External PLL —————> .
Reference f\/ > SI ne Wave
o
Crystal or
External (" » Sguare wave
Reference e
Q
ML
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DIRECT CONVERSION
CONSIDERATIONS
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Amplitude

—

Direct Conversion Process

ﬁ Image Up ﬁ

4/_ folding o

frequencies

October 2013

Alias Down
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Direct Conversion Requirements

»Hdequate onolog banduwidth for signal
ot RF frequency

arnc

»>Sufficiently small sompling operture to
nccommocdate [RF + signal] frequency

October 2013 LLRF 13 Workshop 30
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Wice-BW DOirect Down Canverter

HMCAD1520
Data Out
. HMC760 ADC
I T/H > 12 bit
\640 MS/s |e—0
ry SPI
640 MS/s 640 MS/s
HM{C988
1:2 Power 2
Divider vV - Mt
SPI
HMC830
gLL'/CIE:[Ck Frequency Range : 0-5 GHz
enerator > IBW, o, : 320 MHz
Resolution : 12 bits
Crystal or
External
Reference

October 2013
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Wicder-BlW Direct Down Converter

HMCE61 or ADC12D1800RF

HMC1061 W Data Out
RF
\640 MS/s le—0
- SPI

3.6 GS/s 1.8 GS/s
HMC988
1:2 Power % .
- — N
Divider Z2& !
b
SPI
HMC829
PLL/Clock Frequency Range : 0-18 GHz
Generator

T BWa: 1.8 GS/s
Resolution : 12 bits

Crystal or
External
Reference

October 2013 LLRF 13 Workshop 33
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T track : hold : track : hold

Timing Criteria

Teock = Taata + ,& Tetats

T |
| | |
1 tcon\-‘ 1 1 1 SUCh that tcon\.rer't
1 T .
I I v I is stable regardless of f;
1 1 1t 1
| | | COFN. "
1 1 1 |
I I I 17
1 1 1 1
HMCB61 or ADC12D1800RF
Data Out
e HMC1061 tyata
Ik 12
bitle —
SPI1
3.6 GSfs 1.8 GS/s
HMC988
1:2 Power
Divider =2 &Kt
SPI
HM(C829
CF:LL/CI?[CI( Frequency Range : 0-18 GHz
enerator = BW,ns: 1.8 GS/s
Resolution: 12 bits

Crystal or

External

Reference

October 2013

LLRF 13 Workshop
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Down Conversion Ferformonce

10 T e e » Hittite HMC 1061LC5 T/H

» TIADC12D1600 ADC

» Clocked at 1 GS/s

AMPLITUDE (dB)

» Data includes both
harmonic distortion and
Intermodulation distortion

-100 : : ' : "

0 2 - 6 8 10 12 14 16 18 rd ; .
FREQUENGY (GHz) » 3'%-order intermodulation

products are in-band

Fundamental Amplitude
nd Order Poduct Leve
3rd Order Product Level

From “HMC1061LC5” Data Sheet,
Hittite Microwave

October 2013 LLRF 13 Workshop 35
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Mixer + LO versus Trock/Hold
> Mixer + LO > Trock/Hold
« Narrow Converted Bandwidth e Wide Converted Bandwidth

* Higher Linearity in Narrow Bandwidth Modest Linearity over Wide Bandwidth

« Lower Noise  Higher Noise
o Integrated over pass band o Integrated over full T/H bandwidth
 Requires LO + ADC Clock  Requires only the ADC Clock
* Produces mixer products  Produces aliases of signal
o Can alias if not filtered before ADC o Requires anti-aliasing filter before T/H
« Complex frequency change « Simple frequency change
o Change LO frequency o No change, or
o Change mixer analog filters o Change band-select filter
= Limited number of filters o Acquire wide frequency band,
= Switching filter can cause glitches then filter digitally
= Multiple filters are bulky and = Flexible, programmable
expensive = Small and inexpensive
= May drift with time, temperature = Stable

October 2013 LLRF 13 Workshop 36
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IEEE Standards for AOC and DAC

Terminology ond Test Methods
IEEE Stcl 1241-2010 for ADCs > IEEE St 1658-2011 for DACS

e R — =
IEEE Standard for Terminology and IEEE Standard for Terminology and
Test Methods for Analog-to-Digital Test Methods of Digital-to-Analog
Converters Converter Devices
IEEE Instrumentation & Measurement Society IEEE Instrumentation and Measurement Society
Sponsored by the Sponsore: d by the
Waveform Generation Measurement and Analysis Technical Committee . G i and Analysis Technical Committee (TC-10)
IEEE IEEE
o Aveie IEEE Std uu"' 2010 P IEEE Std 1658™-2011
New York, NY 10016-5997 New York, NY !
SA IEEE 2 20 ) USA
14 January 2011 10 February 2012

October 2013 LLRF 13 Workshop 38
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"IEEE Stl:lnrJnrrJ far
Digiti2zing Woveform Recorders

/‘

< IEEE > Last revised in 2007

IEEE Standard for Digitizing » New revision in progress now
Waveform Recorders « Incorporate terms and
test methods from

IEEE Instrumentation and Measurement Society

svpaovne?grr%d ggr:zraatlon Measurements and Analysis Committee (TC-10) I ateSt A D C Stan d ard
- .
h—\ « Develop and incorporate
Te new material

* We could use your help!

& bok ivis IEEE St 108772007

18 April 2008

October 2013 LLRF 13 Workshop 39
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Proposed IEEE Stondard on lditter

» lmpaoct on mixed-signaol circuits
[e.g., ROC, DAL, etc.]

> lmpact on digital dato communications

> We could use your help!

October 2013 LLRF 13 Workshop 40
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SUMMARY
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» Oata Sheet ond Reference Oesign Infarmation
 Use to your advantage

» Power and Ground Strategies
 Use planes; bypass/decouple carefully
» Anolog/RF Signal/Oato Poths
« Design for real RF content; manage return currents
» Sompling Clock Considerations
« Consider local generation; manage jitter
» Oirect Conversion Considerations
« Use to simplify system if performance is adequate

> Perfarmance Meaosures
« Use IEEE standards for terms and test methods
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QUESTIONS 2
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