Memory Interface Verification and Debug

Customer Presentation
Version 1.0
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Memory Interface Analog Validation

Measure the analog signal characteristics; trtf, Vmin/max, jitter, eye
size, crossover, strobe/clock alignment, etc.
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DDR Analog Verification and Debug

Signal Acquisition

= Automatically trigger and capture Memory Interface signals .
— ldentify and trigger directly on DQ, DQS in real-time to isolate Reads/Writes g
— Automatically set voltage levels and data rates =

= Capture long time duration at high resolution
— Direct connection to DPOJET for signal analysis

Signal Access - Probing
= Easy but reliable physical connectivity

— access to various measurement points on DRAM device
= Maximum signal integrity

— sufficient performance for signal speeds

Signal Analysis
= DDRA — Automated setup, read/write burst detection, JEDEC pass/fail meas.
= DPOJET — The most powerful Jitter, Eye and Timing analysis tool

— Time, Amplitude, Histogram, measurements

— Advanced Jitter, Eye diagram measurements and Pass/Fail testing

— Many display and plotting options

— Report generator

4 1/2013 55W-28828-0
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Supported Standards

= Comprehensive coverage of multiple JEDEC memory standards in a single package

= Support for all the JEDEC defined speed grades in each standard as well custom
settings

= JEDEC Standards specify measurements & methods

Memory Type  JEDEC Specification

DDR JESD79E
DDR2 JESD79-2F
DDR3 JESD79- 3F
DDR3L JESD79-3-1
DDR4 JESD79-4
LPDDR JESDZ209A
LPDDR2 JESD209-2E
LPDDR3 JESD209-3
GDDR5 JESD212

'
(1) oneration, RateandLovels  DORGenwration  Dota Rate
DOR v 11600 MT/s Jv

d Measurements and Sources 'DDR2 11866 MTis
3

'DDR3 ' 2133 MTis
Burst Dotection Mothod DORIL ' 12400 MT7s
'DOR4 ' 2666 MT/s
LPODOR 3200 MT/s
LPODR2 | Custom
‘-None

5 Tektron/ix*



Test Setup and Configuration

All the tests are logically grouped based on the input source requirement

READ
WRITE
CLOCK
DQS
ADDR/CMD

Quickly set up the test configuration by selecting a complete group or individual tests
for targeted analysis.

Flexible input source requirement, inputs are not hardwired to a particular Oscilloscope
channel.

DDR Analysis

Generation, Rate and Levels

@ Measurements and Sources

Measurement Type Measurement
\Write Bursts [v| Sources

| 3 | Burst Detection Method
n Burst Detection Settings

B Thresholds and Scaling

B st easwemens BRI
[+] Data Eye Height ' DQ [ch2 |v|
] Data Eye Width - CK [cha v
# [] Differential DQS
#[] Single Ended DQS _

#-[v] Slew Rate DQ

21 sampc bl

Cannot select Diff and SE measurements at th;same time...
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Burst Detection

= Read / Write bursts are automatically detected for
analysis purposes
= Several different techniques are used for Read/Write

Burst Separation

— DQ/DQS phase alignment: DQ and DQS have different
phase relationship in Read and Write bursts

— CS, Latency + DQ/DQS Phase Alignment: CS is used
to quality the occurrence of a burst, followed by DQ/DS
phase relationship to distinguish between Read/Write

— Logic State + Burst latency: The command bus probed
using the digital channels on the MSO is used to
identify Read/Write commands on the command bus
are quality and distinguish Read and Write bursts

= Options are provided to adjust the levels to improve
burst detection in systems with lower signal integrity

e

DDR Analysis

r:/L Ganeration, Rote and Lovols DT D
: + DQOAS Phase Asgnment

:/ijm.-m Chip Select, Latency » DQADGS Phane Alignment
Logic State » Burst Latency

('3 | Burst Detection Methos

| hirat s o 1 | o DG 0 phawe re
Thiusholds and Scafng Measurement resuita may vary aa the Ref invels are changed

%mmm ".,
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Burst Detection

Easily Identify, Mark & Measure all Read / Write bursts
— Scroll through marked reads / writes across the entire waveform record
— Measurements performed on ALL Reads/writes within an acquisition

@ Genaranon, Rate end Levels

(Z Measutemments and Souces
@ Burst Detsction Method
GJ Burst Detection Settings

@m.wm

L AAAAAA weyy

il —

v 2400 T/

Vikd Vrel

EEEES 0mV
« JEDEC Datautt TEDET [etas
Usar Dafined = Unar Detnend

Enter Mo cavused DRAV companent Vel Dekve proceeding
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I Meoasurement Results )
Doscr ?ijtion Sl |

mmﬂlmmma mumvcunw[m va.uv uqv[n muvi: {now‘ow
(ro:?:-nwu;.."ﬁqbop )Tbm l’vm(,. ‘:‘nqp.'mv(y- [n&” ]b t °°‘f"!(°°l°‘”'l
Reports Pasa/Fall Summary Thoro wivn ro passtsd bmits deficed o the selocted measummmen(s
Plot Images
. . . ’ Meoasurement Plot(s)
= Analysis results are compiled into an e Tt e o T

HTML report enabling easy report
management and distribution.

= Report includes

— Measurement results

— Pass/Fall test results based on o] e
specification values " —1

— Summary and detail plots o e

— Osciuoscope screenshots SHMWMH%}?HMHMWMW

— Measurement and Instrument '
configuration summary

= Report contents are user definable
content

= Provision to append more results later

DDR Analysis

—— Overall Test Result: & Fail

+3 Description Pass/Fail  Mean Std Dev Max Min p-p
EJ Data Eye Width, DQ... 277.69ps 0.0000s 277.69ps 277.69ps 0.0000s
[+ tDH-Diff(base), DQS... (¥ Pass 517.93ps 78.008ps 908.52ps 214.20ps 694.32ps
() tDQSH, DAS & Pass 1.2500ns 6.7707ps 1.2692ns 1.2249ns 44.286ps 898
[+ tDQSL, DQS & Pass 1.2479ns 6.6527ps 1.2663ns 1.2240ns 42.297ps 783

High Limit
Low Limit &J Fail 75.000ps
Current Acquisition 581.49ps 132.47ps 929.69ps @ 6.8603ps & 922.83ps 951

Tektron/ix-



Beyond DDRA

= Tektronix Oscilloscopes come with several tools
that aid in debug of Memory Interfaces
— DPOJET advanced Jitter analysis toolkit
— PinPoint Triggering
— Visual Trigger
— Mask Testing
— Advanced Search and Mark

10
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Signal Analysis & Debug
DDRA + DPOJET

= DDRA is not a closed tool — seamlessly links directly to DPOJET for measurement analysis

= Opportunity to change or fine-tune settings, add new measurements as needed

= DPOJET - powerful measurement engine
for DDRA

= All settings are explicit — you can see them
and change them.

L Jeee  Mabaw  Mae
B e e
S e S . A e AU L
e L T Rt T
A S LN RS e e L

Bit Type

Transition

- - Selo “One Click” access
to DPOJET & back

Mask

T C \DDR dero\DDA3 1066 o
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DPOJET Debug Tools

12

“Find Worst Case Events” feature

Zoom to waveform from Min / Max for each measurement

File  Eoe

vertics | Digitd | Horosacg | T

J60mY 1

200mVv

1.95ps 1.94us

1.95us -1.04us

Masswe | Mask  Mathy | MyScope | Analyze | Lblibes | Hep “

v YWY[V VW iWVW vaww TWV‘W Y
lls.(uww,.v..vl-b—- -r--.._..,\-.-;,.-_n.-...- T

J‘v\iﬁ'l‘lA,i.l-L*‘l L

Tek ’
;‘YY'W, ™

,»-~.¢.-o »\D m»- -—»‘-ﬁ——r'ﬁ

g i1

1 0psidiv  50.0GSHs 20 Opsu/pt
Previow Single Seq
0 acqgs RL 500k

Man Jamuary 25, 2013
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I Pinpoint Triggering

= Fastest way to solve sophisticated Memory signaling issues

— Superior real-time insight into the complex signaling
— DPX (FastAcq) and Pinpoint Triggering gives you “the power to see what others can’t’

— FastAcq shows any disparities on signals, like infrequent glitch’s

gg@iﬂﬂ.m\!m.mw

AALA

13 Tektron/ix-



14

Visual Trigger

8 customizable zones to quality HW trigger setup
Areas may be resized or moved after creation
Four standard shapes supported (rectangle, triangle, hexagon, trapezoid)
Custom shapes may be built from templates up to 48 verticies

Areas are “keep in” or “keep out” and can be applied to either trigA or trigB.
Can be used to

Separate Read / Write Bursts
Separate ranks

Look for pattern dependencies
Enable persistence eye diagrams

=B 226mVidiv 500 Hjy:6.0G6
@B 125mV 0:750mV 500 §y6.0G Dg

Visual Qualification Setup
Visual areas qualify the acquired data using the expression shown below

Visual

mm Window 100ps/div 50.0GS/s IT 1.0ps/pt

Cons Januan y 08, 2012 00:01:37

Qualifier |

® O N

RL:1.0k




Visual Trigger Used For DQ Pattern Detection
010000X Pattern

File | Edit | Vertical | Digital | HorizfAcg | Trg | Display | Cur

51'

o) CS#
) RASH
M case
y wes

#F7 250mV/div 500 91"-'.:12.56 .3.2ns indo 40.0ns/div 50.0GS/s 20.0ps/pt

@F» 115mV Offset:850mV 500 By12.5G Single Seq
RL:20.0k

ET3H 250mV 800ps -2.68ns 5.32ns ns \ : D15-D0 IT Time Res: 20.0ps/pt
€IT7» 115mV 800ps -2.68ns 5.32ns ) z Man June 15, 2012 13:27:15
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Advanced Search and Mark

16

Scans entire acquisition for multiple occurrences of an event and marks each
occurrence

Extends across live data, stored as well as math waveforms.

Integrated with Trigger function and extends it

— Marks all events in the current acquisition that match the trigger setup
Integrated with DDRA

— DDRA uses ASM to mark all the events of interest and the marked events are
used as gates for analysis by DDRA

AAAAA

Trigger - Setup/Hold

. Trigger Type
Setup/Hold ;| ¥

v/ Mark All Trigger
Events in Record

ik

 Settings
Shared v

........
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Advanced Search and Mark

Tabular Results and Navigation
— Events by Type — read/write or other events
— Time stamps, delta-times between events
— Intuitive navigation — Zoom on the burst of interest

‘Stop on Found’ works as a pseudo-trigger mode

DORRead | ChA1,Ch2
DDR Write Ch1,Ch2

Type Location sec [ ms | us | ne [ o Description
DDR Write -8.579us DDR3 - WRITE - 1.066G
DDR Wirite -8.496us_000_ 000 000 082 480

DDR Write -8.414us 000 000 00D 082 520
| D e [C1]-8331us 000 000 000 082 500 [ D

DI 6G
DDR Write -8. 2908 000 000 000 041 240 | DDR3-WRITE - 1.066G
DDR Write 208y DDR3 - WRITE - 1.066G




Memory Probing

= Computer Systems use standardized DIMM'’s for which several probing
solutions are available

= Memory in Embedded Designs is usually directly mounted on the PCB.

= Memory Components use BGA or PoP Packages
— Reduces the parasitics, enabling performance at higher speeds
— Mandate from JEDEC

= Probing a BGA or PoP package is Difficult
— Unable to probe at the Balls of the Device
— Probing at a connector, trace, or a via is not the same as probing at the device
— Not a true representation of the signal

18
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Memory Component Interposers

19

Provide easy access to signals of Interest

Controller Impedance path with embedded resistor for good signal Integrity
De-embed filters to remove effects of interposer tap trace

SPICE model available upon request for simulation and analysis

DDR2 - BGA - Socketed Interposer
- Direct Attach Interposer
DDR3 - BGA - Socketed Interposer

- Direct Attach Interposer
- MSO DIMM Interposer
- Instrumented DIMM

DDR4 - BGA - Socketed Interposer
- Direct Attach Perimeter Interposer
- MSO DIMM Interposer
- Instrumented DIMM

LPDDR2 - BGA - Socketed Interposer
- PoP - PoP Interposer

LPDDR3 - BGA - Socketed Interposer
- PoP - PoP Interposer

GDDR5 - BGA - Socketed Interposer

- Direct Attach Interposer

Tektron/ix-



Installation Process

Socket on Memory Memory Chip
Component Interposer ] Memory Component

\ — Interposer
Memory socket on Board under test
target with guide — r'd

posts . !

Tektron/ix



BGA Chip Interposer for Oscilloscopes

= |nstallation Similar to LA Interposer
= |nterposers with and without sockets are available

= Recommended probes: P7500 Series
— P7504, P7506, P7508, P7513A
— New P7500 solder tip adapter for Nexus interposer: order part #020-3022-00

Tektron/ix



De-embedding

= In order to remove the effects on the Interposer, probe tips and
probes de-embedding must be considered.

= De-embedding filters will available for the interposers upon request.
These de-embedding filters are developed assuming nominal values

= For more accurate characterization for a particular setup SDLA
visualizer for Real time scopes can be used

13 Giotal BW Lime 0.4 GHz

Sagle nput @ Dual mput

22 Tektron/ixf



Eye Diagram: Voltage, mV

BGA Chip Interposer for Oscilloscopes — Signal Fidelity

ECO

Vert Cursor

600
N ) o Smgw———— ) % Ay 1130035

400
ty 398.4ps

At: 0.7987kps

200

Horiz Cursor

400

V‘:-49‘9.8mv
400

V,: 499.8mV
aco
-H00ps  -600ps  -400ps  -200ps Ops 200ps  400ps  600ps  poops AV: 0.9996V

DDR Eye - unfiltered

Eye Diagram: Voltage, mV

Vert Cursor
600

1 402.7ps

' tz: 196ps
At: 0.7987kps
Horiz Cursor
V,: 462.3mV

e ——— T s

400

200

200

4c0

v
L

-600ps

»

£00 Vy: 462.3mV

-H00ps 400ps  -200ps  Ops 200ps  400ps  G00ps  Boops AV 0.9246V

DDR Eye — with filter
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TriMode Probing

= TriMode, with a single probe-DUT connection, allows:
— Traditional differential measurements: V+ to V-
— Independent single ended measurements on either input

— V+ with respect to ground
— V- with respect to ground

— Direct common mode measurements: ((V+) + (V-))/2 with respect to
ground

= Many standards require both differential and single-ended voltage limit
measurements. Requires two separate probes — Until Now!

TriMode® access points

With TriMode® probing you can
work in traditional differential mode or
choose to include ground(+) for single
ended and common mode measurements

24 Tektron/ix-



Before and After

......
......
......

...... O . A

Before TriMode Probing

1 Probe for Differential

2 Probes for SE and Common Mode

or

1 Probe Soldered and Re-soldered 3 times
2 Probes for Common Mode

25

After TriMode Probing

1 Probe and 1 setup for
Differential, SE and Common Mode

Tektron/ix*



Oscilloscope BandW|dth Requirement

Memory Technology DDR2 DDR2 DDR3 DDR3 DDR3L LPDDR3 DDR4
Speed all rates to 400MT/s to 800MT/s to 1600MT/s to 2400MT/s to 1600MT/s to 1600MT/s to 3200MT/s
Max slew rate 5 5 5 10 12 12 8 18
Typical V swing 1.8 1.25 1.25 1 1 0.9 0.6 0.8
20-80 risetime (ps) 216 150 150 60 50 45 45 27
Equivalent Edge BW 1.9 2.7 2.7 6.7 8.0 8.9 8.9 15.0
Recommended Scope BW 2.5 3.5 4.0 12.5 125 125 12.5 16
(Max Performance)

Recommended Scope BW 2.5 25 & 8.0 125 12.5 12.5 125

(Typ Performance)

= Highest Accuracy on Faster Slew rates
= Slew Rates are about 80% of the Max Spec
= DDR3L, DDR4 and LPDDR3 is supported only on DSA/MSO/DPO70000C/D models only

26 www.tektronix.com/ddr TEktronix
/



Digital + Analog Probing for MSO70K

= 16 Digital Channels in addition to 4 Analog Channels

#TSF Format Type
#File Radix
#+ Version 2.1.0 PATTERN

#Command Command
#Symbol Name Pattern

# CS RAS CAS WE (D3 D2 D1 DO0)
#

MODE_REG 0000
REFRESH 0001
PRECHARGE 0010
ACTIVATE 0011
WRITE 0100
READ 0101

NOP 0111
DESELECT IXXX

/’;.;/' 1 ;
i Y

27 1/2013 55W-28828-0

RAS#

WE# CAS# CS#

W Sy i

RO 0N OEReEEen o

DQSO Clock

Tektron/ix



DDR3Z G, 75 5 irs:

File | Edit | Vertical | Digital | HoriziAcg | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help Iﬂ
W

:_D as _ '*""‘"—'\J'*"" Ir-"M‘"'v'-ﬁq el

s g e e A Al et et At Ao et Ay s e f e it o8 \ || \ |‘

; 3 ) ‘ |
. 1 |VW e Inad

WRITE

D 300mV o 500 Bulg:d..l]G |u B1 Bus Parallel | 10.0ns/div 25.0GS/s IT 4.0psipt

! Y 300mV/div 500 %:4.06 Run Sample
e - 000000000 === 2 218 acgs RL:25.0k

D15-D0 IT Time Res: 4.0ps/pt
Aute MNovember 22, 2009 15:34:22

Trigger - Bus A:Bus — Acquire

Logic
Trigger Type B1 Iy Thresholds
WRITE _

Bus Type This is a 4 bit Bus.
Parallel Format

Symbaolic

Pattern

) Maore Than | ¥
Settings
Independent | ¥ Time
1000ps

28
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o 7 5 e AT A R
l/FﬁVCO\ Clock~ SerdesiF %L1EE1_$1TE'~Z£EF %U,\/éﬁﬂlﬁﬁ

WARIE AT M2 Nec. seiA M P E 58 X R 2
IR B B AT T ERAE,  SERETE O A 45 il

Het | HonsAcy | Tag  Display s

=
H
i}

O
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[5] 25 B PR R 4

File | Edit | Vertical | Digital | Horiziacq | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help |n

Ch2 Position ¢y “

-B60mdiv

Ch2 Scale {D

1.88V

&= 1.25Vidiv | B350/ 1.48v || 10.0ns/div 50.068/s IT 4.0ps/pt

#@TH 1.88V/idiv
. 130 acqgs RL:25.0k

D15-D0 IT Time Res: 4.0ps/pt
Aute December 07,2009 1T

Vertical Setup

Analog Input i Position MultiView
[ -860mdiv [a) Zoom
Scale

[ 188 (b
Zoom

30 2014/5/28 Tektronix:
/
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g | Duplay | Gusors | Messwew | Mags

peed e e e e e >

~* ' ~‘
y | #
Q L

|
l‘ |

b-—-L-—-———————— ‘
1 'nWWWWW

l

V’W’\Mﬁw

31 2014/5/28

Ch2 Scate (D) "1
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Memory Interface Digital Validation

Measure the digital logic state and cycle based timing
characteristics for diagnostic and troubleshooting purposes

|||l|liil| g

333
e B 1111111 ._=§-
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DDR4 Memory Component Interposers

= MCI’s are used for probing signals from
individual Memory Components

= Comes with a Custom Socket that needs
to be soldered to Target system

= Quickly swap TLA & oscilloscope
interposers on the same target. Quickly
move interposers to different target.

= No special footprints or special routing
requirements

=  Memory Component Interposer Types
— Logic Analyzer and Oscilloscope
— Direct Attach or Socketed interposers
— x4/x8 and x16 Memory Component types

Tektronix Confidential Tektronix ;
/



DDR4 ACC Interposers

= Protocol / Execution Validation
— DIMM and SODIMM Interposers
— Targeted for protocol compliance analysis

— Automated Setup
— Use with Nexus Compliance Analysis S/W
— Compatible with P6960HCD or NEX-PRB1XL

34 Sales University 2012 - Tektronix Confidential Course Title vx.x (Edit in View/Insert > Header and Footer) Tektronix x



Introducing New DDR3/4 High Speed Interposer
Next Generation DDR3/4 Probing Technology

:
u||l l'
,

h u/;'// f“ W' il

Gain Unprecedented Visibility Into Your
DDR3/4 Signal Activity

DIMM Interposer SODIMM Interposer

Collaborative design combining years of Logic Analyzer acquisition and
DDR3 probing experience between Tektronix and Nexus Technology

Tektron/ix



New DDR3/4 High Speed Interposer
Next Generation DDR3/4 Probing Technology

= Provides significant performance improvements to DDR3 probing

— Integrates Tektronix ultra-high performance SiGe Hybrid ASIC
technology
— Compensation for platform trace loss on writes

= Improved interposer input impedance (5.2k to 0.73V)
— Reduces load on target with minimal effect on bus
— Provides an accurate representation of the signal on the target

= Enables probing DDR3/4 speeds at 2400MT/s and beyond
= Enables probing lower voltage signals on LVDDR3/4
= [nterposers compatible with UDIMM, RDIMM, LRDIMM

Tektron/ix-



Scope Screenshots at DDR3 2133MT/s — Writes

OLD Interposer NEW Interposer

Tektron/ix-



I Write Data Eye — DDR3 2400MT/s

Write data eye, rising strobe Write data eye, falling strobe
edge, 853mV x 270ps edge, 869mV x 266ps

‘ Represents minimum TLA7BB4 eye size, 180ps x 200mV

NOTE: Signals probed via TLA7BB4 analog mux into a 70000C series real time scope. Tektronix:



Scope Screenshots at DDR3 2133MT/s — Reads

OLD Interposer NEW Interposer

Tektron/ix-



Read Data Eye — DDR3 2400MT/s

Read data eye, rising strobe Read data eye, falling strobe
edge, 492mV x 252ps edge, 454mV x 266ps

‘ Represents minimum 7BB4 eye size, 180ps x 200mV

NOTE: Signals probed via TLA7BB4 analog mux into a 70000C series real time scope. Tektronix:



TLA7BBx Logic Analyzer Modules

Proven Technology for Analyzing DDR3 SDRAM

DIGITAL CHARACTERISTICS | TLA7BB2 TLA7BB3 TLA7BB4
Digital Channels 68 102 136
High Speed Timing (MagniVu) 50GS/s (20ps)
Deep Memory Timing Up to 6.4GS/s
State Speed Up to 1.4GHz/3.0Gbps
Memory Depth Standard 2Mb, Maximum 64Mb
Probes All P68xx and P69xx
ICapture (Analog Mux) 3 GHz

=) .
E=PHI® it

e

o @
o oo

&

0P

|

111 _.

=  Preserve investment in TLA7BBx modules

oo

E - B

l
I l

= N

= Enable higher DDR3 speed support with new interposer

Tektron/ix



MagniVu 20ps (50 GS/s) High Speed timing

Industry Leading Sampling Resolution

& TLA[192.168.5.44] - [Wavetarm 4

-

s FERE A Eocke - llSw « o » 5 wavfien = 1Y Lesng @ - @ I L

A recaoTueeERs T roncitesgne B stanaiss [llcs [lrexoorenotrocoe B vesty )} Define Congare

. a2 W @ New SN § Aty F Tivestoid OF Ve <) & Term/Ore | 2330 v| © B ® Sesch v 8

a ~ﬂLul-:H'Ibﬂ'.u;«'.’vl-‘u.m

201 400

50GHz timing analysis on every channel

Acquired simultaneously and time-correlated with state acquisition data

Enables acquisition and debug of S/H violations, glitches, and other timing violations
Reveals fly-by command/address/control bus timing

Tektron/ix-



Analog Mux, ICapture

Enables Signal Integrity Troubleshooting
= Unrivaled capability of the TLA that

provides single-point digital and analog
probing

= No need to separately probe with a
scope, as probing done through the
interposer

= Walk through all the signals on your DDR
bus in less than 15 minutes to review
channel behavior and isolate any
potential problems

= Quickly perform detailed analog
characterization on signals of interest
using a scope component interposer

Analog Out Analog In
3 GHz | o CH1
Analog CH1
Mux | 4 CH2

a

TT>\

CH 2

[ e} o CH3
CH3

e . cH4

CH4

LA DSO

34ch o
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IView
View Correlated Analog & Digital Characteristics in the Same Display
= Unique capability on the TLA that provides time correlated state acquisition,

high-speed MagniVu timing acquisition, and analog scope capture results on
the same screen.

= Capture events that occur in analog or digital domain through cross triggering

= Enables cross domain analysis by quickly capturing and isolating potential
problems

Communication Bus /r\—i\ﬁew Cable
1 | erB

1

Trigger Bus

Performance
Oscilloscope

Analog Mux
BNC Cables

44 Tektron/ix-



IView

Correlated High-Speed MagniVu Acquisition & Scope Capture Data Example

FBOMEN 20 Magniiu; Sample

W aveform HDns | 132000 1 172000 | 2120005 | 25.200n3 | 28.200ns | 33.200ns | 37.200ns
1 | - 1 | - 1 1 l 1 | 1 1 1 | T 1 | 1 | 1 | - 1 1 1 1 | - 1 | - 1 1 1 1 | - . | -

L 250 . } } . } } .
EIIII IIIIIIrI.IISIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIII TOCLEERE e e e e e e e e e e e e e e e e e e e e e e e e e e e eene e e 1

FBOM=W 28 bagniu: DDRCED

FBDOMEN 20 Magnivu: Command

A
(]
L
-
% n
3

FBOMEN 20 Magnidu; A_DatHi

FBDOMEN 20 Magnidu; &_Datlo

CSA74048: 5ample

9,235 ns : | . 40
| N T Y T T Y T Y Y T A Y Y Y ‘T Y TN N Y N O Y O N Y Y AN U T Y Y T Y Y Y Y N Y Y Y Y Y N Y Y T N Y Y N TN Y Y Y Y Y Y Y Y Y Y O AN B |

CSa7a04: DDRCED

L. 5w

C5A7404: DASO

Oerlan 1

C5a7404: A_DON

C5a7404: A_DAO

T eY o LT PL LRI PP P RR TR RRPPPP PRI L RAMEENE R R AEENLEE L L L LR E R LR R LRI ERRERLERE
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TLA - Initial Setup

" NewFast& Easy Setup = Load the TLA Software
— Quick and easy connection

— Fast software setup = Load the Support Package
— No calibration needed for _

CMD/ADDR/CTRL = Ready to Acquire CMD / ADDR /
— Automated and graphical DQ data CTRL!

calibration
— Up and running acquiring ALL data B

in 15-30 minutes! e —
— ldentify problem channels at the sy ey Tw———E T

same time!
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ICIs Overview

= Goals of ICiS
— Make LA memory tuning easier and quicker
— Less dependency on platform specific DQ valid regions
— Less dependency on DQS placement
— Put more power in the users hands
— Allow both Vth and sample point to be determined at same time
— Quick check of signal integrity on the memory bus
— Allow tuning of address and command signals
— Simultaneous tuning of Read and Write sample points
— Double mouse click method to set Vth and sample point for all signals
— Single tuning tool leveraged for DDR3, DDR4, LPDDR2/3

= User control
— DDR bus parameters
— Voltage sweep step size
— Voltage sweep range
— Which signals to tune
— Address bit(s)

— Command bit(s)

— DQ-byte lane or individual DQ
— Read & Write, read only, write only
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DDR3 Sweep
100mV Resolution, Full Burst Mode / 8 DQ Eyes, Reads

[ 70 AL revarechrtag et - 7R

™ OBe e £n

gmwe Jaou  Wesse e

Sl e BEEE A Mo 8 8 1moe - = Wiom

Glemral| Sxpes Twwscs

etlyy Type | DDA Data
MO Overley  Show Somee B
Fier Back ToSeck Boon

Q5 Guym
¥ Kt Ointa
e,
Outa_H
Dutx |o
7 Datsiiga 7
0ase
¢ Dutallytet
7| Dutabiye®
¢ Dutabiytad
4 Datziive

7 Eu.f.su.

tom | Low . 1Y Resctsas F »

DDR Setagp Purarrmtery

Fam 5

lhu"n‘ (]

S Gan t
Dc:_.nyﬁsm) o

Sargie P20
lhll”v\d(‘ln

S xu Poe

D-ul!yn) [ -

3 ;mvr

Datallyse 0001 1+
T Thuea ¥

S Sargle P e
Dcunwlmi

l"ri -

DataBysed G
T; Thaea ¥

S Sergle e

e coe .A oo

(IQ ‘ ll“»

5 Serw uqr-'p-

oas |RD)

04 Gy

hrom Y
5 Sarvgle P pw

8 valid DQ eyes Tektronix:
/



TLA Data Analysis

State, MagniVu timing, & analog
mux at your fingertips

Compliance analysis tools
— Fast setup

— Comprehensive coverage and
violation detection

Min.(ps) Max.(ps) Average(ps) Margin(%) Spec..

[ Jius] =

il | ==

= ook

LR 1)

(T
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Memory Interface Execution Validation

Measure the bus command and control timing sequences, and
compare them to a specification or evaluate them as indicators

of bus utilization or performance

A © 0 O O O o O

L2
- ‘
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I What's unique about Execution Validation

= Typical instrument use a post-capture model
TRIGGER = ACQUIRE = ANALYZE
= Execution Validation use model

ty < > Yuniimited
| Analysis Run |

= Two equipment options
1. Logic Analyzer - S/W automates acquisitions
2. Memory Compliance Analyzer - Real-time Analysis

52
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Memory Compliance Analyzer

REAL-TIME PROTOCOL COMPLIANCE ANALYSIS

= Analysis 160+ categories
of JEDEC spec parameters

= |ncludes Power up/down,
self-refresh and auto-
precharge (RDA/WRA)
analysis

Fnu AOOOO'O'O’O‘

= Timing and State analysis

Real-time
AND
= HTML reports / XML Post Capture
exporting Compliance Analysis
Command/Address
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Real-time Compliance Results

Occurences  Viclations  Status Min.(ps) |Max.(ps) Average(ps) | Margin{%) Spec. Value(ps)
SRE Separation from RD{A) 0 i
MRS Settle

MRS Burst

=SREF Time

WR Burst

RD to WR(A) Separation
PO Slow Exit

Rank DLL Reset to RD{A)

WH to RD{A) Separation

RD Burst

sPD Time Min.

sPD Time Maoc.

PRE(A)

sREF Ti

sACT Time Min.

sACT Time Maox.

ACT to RD(A)WR(A)

RD to PRE(A)

RD to ACT

WR to PRE(A)

WR to ACT

CKEx Signal After DLL ReGet

o
"
-
-3
o
"
[}
-
o
o
®
-
-
-
-3
[ 3
-3
o
"

Real-time event
statistics
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Benefits of Real-Time + Post Capture

ACC+DQ
(Address/Command/ControI) (Address/Command/ControI/Data)

At-Speed / Real-Time

Post Capture

MCA Advantages LA Advantages

Capture Depth 1Gcycles State Capture of ALL DDR Signals
Cost 20ps High Speed Timing / MagniVu
PA Real Time + LA State Analysis Analog Mux

Multi Bus Cross Correlation

'Ibktron/ix*



Memory Validation Continuum

Analog Digital Execution
Validation Validation Validation

—

Instruments

Analysis SW
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