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Memory Interface Analog Validation
Measure the analog signal characteristics; trtf, Vmin/mayx, jitter, eye

Size, crossover, strobe/clock alignment, etc.
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DDRA Features and Benefits

Complete Solution for Memory Interface Physical Layer Test

Feature
Memory Validation and Debug

Selectable Speed Grades

Auto Configuration Wizard
Qualified Multi-Rank Measurements

Cycle Type Identification
Visual Trigger / Pin Point Triggering

De-embedding
Test Selection
Reporting

Conformance and Debug
Probing Solutions

Digital Channels on MSO

Aanalysis and Debug Tools

Benefits
Comprehensive support for validation of multiple memory standards including DDR4 and LPDDRS3 the newest standards
targeted for Server/Computer and Mobile handsets.
Support for various JEDEC specification defined speed grades as well as custom speeds

Easily set up the test configuration for performing the analysis.
Isolate measurements to a rank of interest by using the chip select signal in a multi rank configuration

Navigate and Timestamp all the READ and WRITE cycles in an acquired record using Search and Mark

Quickly trigger, isolate and capture events of interest with Pin-Point HW Triggering combined with Visual Trigger and
Active Search and Mark capabilities in Tektronix Oscilloscopes, making them an indispensable tool for Memory Interface
Validation.

De-embed the effects of the Interposers and Probes to provide more accurately representation of the signal.

Provides the ability to select the Memory specification and the Speed Grade against which the analysis needs to be done
as well as individual tests or group of tests to perform targeted analysis.

Automatically generate consolidated reports that include pass/fail results, statistical measurement information as well as
details about the test setup

Quickly switch into debug mode in case a system fails conformance tests and use the DPOJET jitter analysis package

P7500 Trimode Probe Family and Micro-Coax Tips combined with Nexus Technology Interposers for various memory
standards and packaging types results in a complete probing system that provides easy access to memory interface
signals and allows making differential, single-ended, and common mode measurements accurately and definitively

Address/Command signals acquired on the digital channels of the Mixed Signal Oscilloscope can be used to precisely

qualify bus cycles or events of interest as well as perform timing measurements

Tektronix provides a broad range of tools for Electrical Test, Logic Debug and Execution Validation, . W oe =
ACKILL Ull/lx



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 JESD209A
LPDDR2 JESD209-2E
LPDDR3 JESD209-3
GDDR5 JESD212
DDR Analysis
B (1 conroton ratesnstoves DOR Ganeration -
DOR 1| |woomms |
' 2 | Measurements and Sources DOR2 :1353 MTls |
| 3 | Burst Detection Method Egﬂ j.:;j E-'Z M
| e

[ 4 | Burst Detection Settings

| 5 | Thresnolds and Scaling

DDR4
\LPODR
\LPOOR2
\LPOOR3

— GODR3

GODR3

" 2666 MT/s
3200 MT/s

Custom
Wane
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Test Setup and Configuration

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

— READ

— WRITE

— CLOCK

— 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

B Burst Detection Method

n Burst Detection Settings

B Thresholds and Scaling

Measurement Type Measurement
\Write Bursts v Sources

Data Eye Height Da ch2 |v|
[~] Data Eye Width CKk [cha |v
+- [ Differential DOS
+- [~ Single Ended DQS

+-[w] Slew Rate DQ
b

=] wamoc hd
Cannot select DNff and SE measurements at the same time...

Preferences ¥

Tektronix-
/



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

RAS# WE# CAS# (s#

Lol

DDR Analysis Preferences ¥

Burst Detection Method
Generation, Rate and Levels i

« DQ/DQS Phase Alignment
,/ Measurements and Sources Chip Select, Latency + DQ/DQS Phase Alignment

Logic State + Burst Latency

| 3 | Burst Detection Method

|| ﬁllml

1
[ 4 ) Burst Detection Settings C l_| |

B Thresholds and Scaling Measurement results may vary as the Ref levels are changed ...

A Tektron/iw



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

Fite | Edt | vertical | Digitai | Horiztacq | Trg | Display | Gursors | measure | Mask | math | myscope | anayze | utities | Heip |IFR

R2 1 it ! o 0 1 A g 0 1H
R el o AR | R e ) o i oL T U B0 Ao 1 g 0 1 e e i 0 A Position €} i

WYV Y ' YYYY 49.44%

Factor 9

\ . -
I
| il

&TH 200mV 10.0us ™ S -2omv |[ 1.0usidiv 50.0685s  20.0psipt
& 115mV 10.0us Preview 1

T 200mV 50.0ns -20.3ns -303ns 0 acgs RL:500k
TP 115mV 50.0ns -80.3ns -30.3ns

Man  January 22, 2013 13:01:35

DDR Analysis Preferences ¥

]
lw/ | ‘Generation, Rate and Levels DDR Generation Data Rate

DDR4 v 2400 MT/s v
Measurements and Sources
7 i} Vdd Vref Vin, Vil
. Burst Detection Method m 600mV
* JEDEC Default JEDEC Default

BurstDEIcChosetins User Defined «) User Defined

B Thresholds and Scaling Enter the caiculated DRAM component Viref before proceeding
________________________J
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Reports

= Analysis results are compiled into an
HTML report enabling easy report
management and distribution.

= Report includes

— Measurement results

— Pass/Falil test results based on
specification values

— Summary and detail plots

— Oscilloscope screenshots

— Measurement and Instrument
configuration summary

= Report contents are user definable
content

Provision to append more results later

DDR Analysis

m Qverall Test Result: &3 Fail

Std Dev
0.0000s
T78.008ps
6.7707ps
6.6527ps

Max

277.69ps
a08.52ps
1.2692ns
1.2663ns

Mean

277.69ps
517.93ps
1.2500ns
1.2479ns

3 Description PassiFail
[*) Data Eye Width, DQ...
[+) tDH-Diff{base), DQS... (Y Pass
=l tDQSH, DQS
= tDQSL, DQS
»
High Limit
Low Limit
Current Acquisition

) Pass
) Pass

€ Fail

581.49ps 132.47ps

» Measurement Results

Description Mean Std Dev |Max Min PP Population | Max-cc | Min-cc
Data Eye Height, DQ, DQS | 485.04mV | 53.316mV | 522.74mV | 447 34mV | 75.400mV | 2 0.0000V | 0.0000V
Current Acquisition 522.74mV | 0.0000V [522.74mV | 522.74mV | 0.0000V |1 0.0000V | 0.0000V
Data Eye Width, DQ, DQS |761.25ps | 15.916ps |772.50ps |749.99ps |22.509ps |2 0.0000s | 0.0000s
Current Acquisition 772.50ps |0.0000s |[772.50ps |772.50ps [0.0000s |1 0.0000s [ 0.0000s

» PassiFail Summary There were no passifail limits defined for the selected measurement(s).

+ PlotImages
+ Measurement Plot(s)

V:Voltage ‘Width1: Eye Diagram

Eye: Al Bits ™5
05V | Otfset 078336
Uis:3144:3144, Totat 63126312

“Ans -0.8ns

+ Oscilloscope Waveform

e /oov 1.0ps/div  50.0GS/s 20.0ps/pt

Single Sec

Min

277.69ps
214.20ps
1.2248ns
1.2240ns

p-p
0.0000s
694.32ps
44.286ps
42.297ps

581.49ps 13247ps 920.69ps | i | 922.83ps

75.000ps

929.69ps &) 6.8603ps B 922.83ps
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Beyond DDRA

11

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

Tektron/iX@



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.

Jitter and Eye Diagram Analysis Tools

F coloct. ) Measurement Source(s) -

S Data Eye Width (Jpa,pos Bit Type e
L b, LML oc| ransition on-Transition 1] H ”

o R e e ™ TQ“ y é Single. One Click” access

= to DPOJET & back

[/ C:\DDA demotDDR3 1086 msk @

Tektron/ix@
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DPOJET Debug Tools

= “Find Worst Case Events” feature
Zoom to waveform from Min / Max for each measurement

File | Edit | Vertical | Digital | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help 'n Tek

( T 360mV 1.0us

™ 200mV 1.0ups

27T 360mV 909ps  -1.95ps -1.94ps
FZTT» 200mV 909ps -1.95ps -1.94ps

DDR Analysis
Overall Test Result: ., Pass

Description
(=) Diata Eye Height, D
[+ Data Eye Whdth, DO
b |- DHDibase), DOS_ () Pass
High Limst
Lowr Limit
C Acquisit
[© DS Dilbase), DAS—. () Pass
[# QSH, DAS /) Pass
[+ MQSL. DAS J Pass

Passiad  Mean

13
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T

P‘NNU\A:;-N;O- b, |

( ”1.Uu5fdiv 50.0GS/s 20.0psipt |

Preview Single Seq
0 acgs RL:500k
Man  January 25, 2013 5:23:27

Standara Options g

Summary
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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

Ty
i

Il

T
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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 | Horiziacq | Trg | Display | Cur easure | Mask | Math | MyScope | Analyze | Utilities | Help | ﬂ Tek ! !

BT

l” 1\ |‘ “ ” ml" H h\“ ” ; e ”T“W "u H Hh ’h[ {Ill! l| UH \H "

‘1 T T T T T T T T i T T | T
DESE LECT DESELECT

#F7 250mV/div 500 91"-'.:12.56 .3.2ns indo 40.0ns/div 50.0GS/s 20.0ps/pt
@D 115mV Offset:850mV 500 By:12.5G 8ns rig Dly: 1 events Single Seq
RL:20.0k
GI3) 250mV 800ps -2.68ns 5.32ns D15-00 IT Time Res: 20.0ps/pt
€IT7» 115mV 800ps -2.68ns 5.32ns ) z Man June 15, 2012 13:27:15

Tektron/ix-@



Advanced Search and Mark

17

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

Trigger - Setup/Hold

Trigger Typu
Setup!HoId i

v Mark All Trigger
Events in Record

Imim
LEAEEC

Settings
Shared v

\ f\u il
’\ H[\ i

v/ Mark All Trigger
Events in Record

Tektron/iX@



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

Results: Counts. i
Select o 50 :
DDR Read Ch1,Ch2 130
DDR Write Ch1,Ch2 157
Results: Mark Table

Time Delta

Index Type Src | Location

sec | ms | us | ns | ps

Description

DDR Write |C1 | -8.579us

DDR3 - WRITE - 1.066G

Configure Z2 DDRWrite |C1 | -8.496us 000 000 000 082 480

DDR3 - WRITE - 1.066G

DDRWrite |C1 | -8.414us 000 000 000 082 520

-8.331us 000 000 000 082 500

Results

DDRWrite |C1 | -8.29us 000 000 000 041 240

DDR3 - WRITE - 1.066G
DDR3 - WRITE - 1.066G

(=] {3} WIN| =

DDR Write |C1 | -8.208us__000 000 000 082 500
000 000 000 164 000

phfigure

18

DDR3 - WRITE - 1.066G

Tektron/iw



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

S M
I

Argea

* . : o '
19 Courtesy Micron Technologies Tektronix®
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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 10 include ground(+¥) for single
ended and common mode measurements

20 Tektron/iX@



Before and After

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

oooooo O -

ooooo

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

21

After TriMode Probing

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

Tektronix-
/



Memory Component Interposers

22

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

DDR3

DDR4

LPDDR2

LPDDR3

GDDRS5

BGA

BGA

BGA

BGA
PoP

BGA
PoP

BGA

Socketed Interposer
Direct Attach Interposer

Socketed Interposer
Direct Attach Interposer
MSO DIMM Interposer
Instrumented DIMM

Socketed Interposer

Direct Attach Perimeter Interposer
MSO DIMM Interposer
Instrumented DIMM

Socketed Interposer
PoP Interposer

Socketed Interposer
PoP Interposer

Socketed Interposer
Direct Attach Interposer

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

)
® view O cee [l

| Global BW Limit: 0.4 GHz

() Single Input (@) Dual Input

i
& Setup block menus and press Apphy.

23 Tektron/ix@



Memory Interface Digital Validation

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

Tekironix

Tektron/iX®



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
— Xx4/x8 and x16 Memory Component types

Tektronix Confidential Tektronixo
/s



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

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



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

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

File | Edit | iy | Math | Iy Fie | Ecit |
Curs1 X Pos gy | ' . 4 : Curs1 X Pos gy [
2.38ns g s n 1.96ns

Curs1 ¥ Pos () : W " T Curs1¥Pos ()

367V P o Wy, : 730mV

(400psidiv 25068/s ET 4.0psipt | [ @=® soomv foems | 400psidiv 250GS/s ET 4.0psipt |
D 500mV/div

2903 acqs RL:1.0k Y X 226 863 acgs RL:1.0k

Auto  January 05, 2012 10:58; - Aute December 30, 2011 16:1

Mean M Max StDev  Count Info StDev  Gount Info

0682707G |1.041G 11.83G [113.8M

Cursor Controls Source Cursor Tvne Move Cursors Cursor Contrels Source Cursor Tvne Move Cursors
Cursor 1 HBars VBars  Waveform  Screen (@i @ Cursor 1 V Bars Screen lolcEmeg @

ch4 Ch 4

L y

ICI’s Tool

Tektron/ix-'ﬂ*



I Write Data Eye — DDR3 2400MT/s

File | Edit | Vertical | Digital | HorizZAcq | Trig | Display | Cursos re | Mask | Math | MyScope | Anaiyze | utiites | Heip ([T Tk B ! File | Edt | Vertical | Digital | Horiziacq | Trig | Display | Cursors | Measure | Mask | Math | Myscope | Analyze | utiities | Heip | Tek B= !
Y

Y

Curs2 X Pos gy

Curs2 X Pos 0
149.28ps

160.53ps
Curs2 Y Pos ()

Curs2 Y Pos ()
1.56V

1.61V

@TH 175mV Offset:1.47V  50Q By:5.0G |
@7 200mV 1.24v 500 By:5.0G6 Dg
@ 100mV/div 50Q §y:5.0G6

500 By:5.0G |
@7 200mV 1.24v 500 By:506 Dg|| @™
@ 100mV/div 50Q §y:5.0G6

Trig Dly: 1 events
36 736 acqs RL:3.13k
-
a S48V D15-D0 IT Time Res: 200fs/pt
Cons January 26, 2012

Trig Dly: 1 events b
16 140 acqs RL:3.13k
-
a 14V, D15-D0 IT Time Res: 200fs/pt
| cons January 26, 2012

[ ®7» Window 62.5ps/div 50.0GS/s IT 200fs/pt &F» 175mv Off

[ =» Window 62.5ps/div 50.0GS/s IT 200fs/pt

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

File | Edit | 4 ! i File | Eatt |

Curs1XPuse ; P q Curs1 X Pos )

1.67ns ; ! y W 4 1 J 2.49ns
Curs1 Y Pos ()

361V

I T T
500 By:12.5G 3.613V || 400psidiv 250Gs/s ET 4.0psipt L cz 500 By:12.56 |[ 400pstdiv 250GSIs ET 4.0psipt

500 By12.56 s Sample T 500mV/div 500 By12.5G

500 By12.5G6 147.3mv 13 488 555 acqs RL:1.0k T 500mV O v 500 By:125G 437 950 acqs RL:1.0k
742.44MV/s Auto January 05,2012 11:21:05 Auto  December 30,2011

Value Mean Min ax St Dev Count Info Value Mean M Max St Dev Count  Info

M

Cursor Controls Source Cursor Tune Move Cursors Curser Controls Source Cursor Tvne Move Cursors
Cursor 1 HBars VBars  Waveform 10 Center Cursor 1 VBars  Waveform  Screen 1o Center
y

@™ @ | - @ wy | -




Vertical | Digital | HoriziAcq | Tig | Display | Cursors | Measure

62.5ps/div 50.0GSis IT 200fs/pt

909.99mV -361.175ps

D15-D0 IT Time Res: 200fs/pt

491.91mv .875ps
1.953GV/s

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

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

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

Read Data Eye — DDR3 2400MT/s

File | Edit | Vertical | Digital | HorizZAcq | Trig | Display | Cursors | Measure

&F» 175mv Off

@D 150mv  O:1

@7 100mV/div

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

Tk M B2

Curs2 X Pos 0
-38.68ps
Curs2 Y Pos ()

1.4V

62.5ps/div 50.0GS/s IT 200fs/pt

20 783 acgs RL:3.13k
D15-D0 IT Time Res: 200fs/pt
Cons January 27, 2012

Tektron/iX@



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

: =1 |
9|_; QI'; I
‘Z‘; g & : & g

o
g
Evlls] ERfls]  Eelkl

=  Preserve investment in TLA7BBx modules
= Enable higher DDR3 speed support with new interposer
Tektron/ix@



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

Industry Leading Sampling Resolution

1 TLA [192.168.5.44] - [Waveform 4]

Ele Edit View Data System Tools Window Help

BEH& s = A | W explorer ~ Jiff] setup ~ JE] Trigger + Y waveform + {3 Listing - -+ Idle
NEX-SRIO-TRIGGERS Protocol Designer S/H Analysis iCiS NEX-DDR-PROTOCOL Verif 111 Define Compare
R I B 5H Anal £ 19 Des
»>8, 248 4| | @»iview @@Magnivu A Activity F Threshold OF Value =), &) Time/Div: | 293ps v| e i < | Search v |

o []Cursoﬂ v|loCursor27|=100ns

Waveform B05ns
qn/ample
7/Vu: DDRCLKO
WagniVu: CKED |
WagniVu: CKE1
MagniVu: S0F
MagniVu: 517
MagniVu: S2#

agniVu: 53
lagniVu: RAS#
fagniVu: CAS#
ViagniVu: WEZ |

niVu: Address
fagniVu: DQSO
RD_DataByte0
fagniVu: DQS1
B> RD_DataBytel
fagniVu: DQS2
B> RD_DataByte2
fagniVu: DQS3
O
fagniVu: DQS4
RD_DataByted
fagniVu: DQS5
B> RD_DataByte5
fagniVu: DQS6
B> RD_DataByte6
fagniVu: DQS7
RD_DataByte7

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 | ¢ CH1
Analog CH1

WIS | 4 CH2

CH 2

[ el 4 cCH3
CH3

e . cH4

CH4

LA DSO

a

TT>\

34ch
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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 A—NHV Cable
1 | erB

1

Trigger Bus

Performance
Oscilloscope

TLA

Logic
Analyzer y.
Probes ="

Analog Mux
BNC Cables

.......

-------
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IView

Correlated High-Speed MagniVu Acquisition & Scope Capture Data Example

FBOMEN 20 Magniiu; Sample

Waveform PIEIns | 13.2IIIIEIn5 1 | 1?:2IIZIEI ns
L L L L L 1 il L L L

2:1_2I|:II:In5 1 | 25_2I|:IDn5 EQ.ZIIZIDHS 33_2I|:II:In5 3?’_2I|:II:In5 |
[T NN NRTR NNU (A IFNN NN KSR ST ST R NS ST ST ST N ST ST ST NI R

FBOM=W 28 bagniu: DDRCED

|9.25EI = . . . . . . 40,375
e e e e e e e e e e e L e e e e i e e e e s 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 e e e e e e e v e v ey

FBDOMEN 20 Magnivu: Command

—_— —_— —_—
] ' ] ' ] '
1 1 1 1 1 1
' ' ' ' ' '
]
] ] ]
' ' '

|
.

FBOMEN 20 Magnidu; A_DatHi

FBDOMEN 20 Magnidu; &_Datlo

CSA74048: 5ample

9,235 n= ' : : . . :
| N T T Y TN Y Y Y Y A Y Y Y ‘T Y T N O Y T N Y Y NN PN T WY FN Y Y Y Y Y N Y Y N Y Y Y N N N N T N O Y Y Y Y Y N AN Y N IO B |

CSa7a04: DDRCED

L. 5w

C5A7404: DASO

Oerlan 1

C5a7404: A_DON

C5a7404: A_DAO
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TLA - Initial Setup

New Fast & Easy Setup

Quick and easy connection
Fast software setup

No calibration needed for
CMD/ADDR/CTRL

Automated and graphical DQ data
calibration

Up and running acquiring ALL data
in 15-30 minutes!

Identify problem channels at the
same time!

[ Protocol @@@
A

o B R B8 7 8[| 4 actvity F Theeshod (7]

| O - l Cursor 1 Vlton;oQ'l- 5.996ns

Load the TLA Software
Load the Support Package

Ready to Acquire CMD / ADDR /
CTRL!

[ v o S - =

File Edit View System Tools Window Help

|2@u =] EESBE| || A Moo - i seup » B Trigger » 2 Waveform 5 Listing || [ Stas J e

T NEX-SRIO-TRIGGERS B S/H Analysis [ iVerify 177 Define Cormpare |

| @ ~ 1ok

System: TLATBB4+BB4

== =

Enable
Disable

Open Setup Window
Open Trigger Window

Default Module

Load Module.

Save Module

Save Module As...

Load Support Package..

Duplicate Module Config ..

[ioge e | [ioge oo
alyzer  Siots

Iy =)

on| GE T

0ff| Selug| Tig
2

Loads the selected medule's settings from a support package

| [ Tektronix
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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

TLA [TLA7012 nexustechnologyJlocal] - [iCS
N Fle View S System Tooks Window

s BEEBE A

Help
Wi Explorer v Jifi] Setup v [ Trigger v 22 Waveform

@ - Tk

ioia Listing Status | Idle

General I Expert Tweaks |

70 Reset Positions  Set Positions | All Points Set w/Double-Click

Overlay Type ‘ DDR Data "

DDR Overlay |Show Entire Burst v
Filter Back-To-Back Bursts [
iCiS Groups

DQ Read Data
|| Strobes
Data_Hi
Data_Lo
DQS7
DataByte7
Dase
DataByte6
DGs5
DataByte5
Das4
DataByted
[7] pas3
DataByte3
Das2
DataByte2
[7] pas1
DataByte1
Daso
DataByte0
Das8
[”'] CheckBits

DQ WriteData
[”] Strobes

Data_Hi
[] Data_Lo
DQS7
DataByte7
DGS6
DataByte6
DGS5

T1ROROROROEORORO

e

T

[ Clear |

DataByte7 (RD)
T: Thres V
S: Sample P ps

T: Thres V
S: Sample P ps

DataByte5 (RD)
T: Thres V
S: Sample P ps

DataByte4 (RD)
T: Thres V
S: Sample P ps

DataByte3 (RD)
T: Thres V
S: Sample P ps

DataByte2 (RD)
T: Thres V
S: Sample P ps

WA Famare
r yr ]
ML oeies sliivoh dov il b sois” s e et s woie
B; - » -

‘ ! " ‘ v . <

e i e Wt

DataByte1 (RD)
T: Thres V
S: Sample P ps

¥
:

DataByteD (RD)
T: Thres V
S: Sample P ps

-
DQ7(RD)
T: Thres V
S: Sample Pps

DQ6 (RD)
T: Thres V
S: Sample P ps

Resolution [Low - 100mV Resolution (F: ~| | (/D@5 (RD)

T: Thres V
| DDR Setup Parameters ‘ S: Sample P ps
‘ RuniCiS I DAz

T: Thres V
S: Sample P ps

For Help, press F1

8 valid DQ eyes
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TLA Data Analysis T

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..

“““““ il ="

W
e
4' w Doy
IR

T
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TLA- Example State / MagniVu Display

u Command / o T B A 4 aciity f Threshod AAlX B3 A0 @ S |seacn ST

&+ [ ousor 1w |0 ] Cursor 27‘ =0s
( : g B_DOR30_44 |B_DOR3D_44 B_DDR30_4A |B_DOR30_44 |B_POR30_44 |B_DORID_ 48
Ad d reSS / O ntro I fample Timestame  aqipace0 fMnemonics DataHi Datalo ChekBntz  |DataMasks
23 1.055 ns [ 70308 WR - WRITE (51#) Bank: 7
- DESL - IGNORE COMMAND

DESL - IGNORE COMMAND
DESL - IGMORE COMMAND
DESL - IGNORE COMMAND
DESL - IGMORE COMMAND

= DQ Read and Write

DESL - IGNORE COMMAND
DESL - IGMORE COMMAND
DESL - IGNORE COMMAND
DESL - IGMORE COMMAND

DESL - IGMORE COMMAND

DESL - IGMORE COMMAND
1.0% WRITE DATA A24D7CA0 FEATFBAF oo

WRITE DATA CECECECE ™ T AMOARCD T O0"T T
Data EH 1.074 ns | 70300 WR - WRITE (51#) EBank: 7

- WRITE DATA 25422542 AFFINFTI oo
- WRITE DATA BFzlEF21 CEFBCEFE oo
3z 1.074 ns | - WRITE DATA GFEB6FES COBLCOBL oo
- WRITE DATA E26CE26C OF7EQFFE oo
34 1.055 ns | - WRITE DATA BF93BF33 7E2BTEZR oo
- WRITE DATA ADO7ADOF CEBOCEE0 oo

= Up to 64M-sample EL
state memory

X @ @ iview @dMagnivu § Activicy f Threshold OF value ) Time/Div: | 408ps v| 4 # < Seach £
Faiie |:| Cursar 1 V|tn|:|Eursnr 2" =H3Bps

=  Simultaneous — '

Waveform J28ns 30.728ns 31.528ns 32.328ns 33.128ns 33.828ns 34.728ns 35.528ns 36.328ns 37.128ns 37.928ns
Lo e L b L L e L L e L L L L

50GHz MagniVu
timing

TagriVu,; DOS2
RD_DatadytaZ
TagriVi; D53
RD_Datadyita?
153GV, DS
RD_Datadyted
RD_DataByte? 40 ; ; B ) ; 3
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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

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

aaaaaaaa

=
=
=
®
L 3
®
L 3
®
a5
®
=
=

CKEx Signal After DLL Reset
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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

44
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Rank #
14309 M3 -
14310 zsuza.uan 73
14311 ) i3
14312 268308 0000

0000
0000
4ad2
0000

Example Results e

Command Timing o53.30 if.
analysis in both state s

table and timing views

Data Listing, Acquisition 3

-~

RN R FURN U R R N |

-~

-~

=10 %]

Command

NOP

Violation

Data Waveform, Acquisition 3

4 X 2 X6 X H 7

xfxwzxs

SN S |, W Y | W SR, S —— —

NOP % PRE ¥ NOP ¥ PRE ¥ NOP ¥ PRE ¥ ACT ¥ NOP

}{ 0af2 ¥

=10 x|

— —

Gafd

www.nexustechnology.com
877-595-8116
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I Specifications Published in JEDEC Standards

JEDEC ——
STANDARD JEUEC

DDE3 SDRAM Specification

JESD79-3E

192 Pages
118 Figures
80 Tables
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Wha

N de L) PRI =

Name

CMD wisSREF Rank

SRE w/sACT Rank

MRS wisACT Rank
RO{A)WR(A) during MRS
CMD wisPD Rank
RD(A)MWR(A) wisREF Bank
ACT/REF wisACT Bank
REF wisACT Bank
RO{A)MWR(A) to sPRE Bank
d4ACT

PDX Fast Exit

SRX Bt

dACT

PRE(A) Rank Settle

REF Before SRE

SRE Separation from PRE(A)
SRE Separation from REF
SRE Separation from ACT
SRE Separation from MRS
SRE Separation from WR
SRE Separation from WRA
SRE Separation from RD(4)
MRS Settle

MRS Burst

sSREF Time

WR Burst

RD to WR(A) Separation
PDX Slow Exit

Rank DLL Reset to RD({A)
WR to RD(A) Separation
RD Burst

=PD Time Min.

sPD Time Max.

PRE(4) Bank Settle

sREF Time

sACT Time Min.

sACT Time Max.

ACT to RD{AWRA)

RD to PRE(A)

RD to ACT

WR to PRE(A)

WR to ACT

CKEx Signal After DLL Reset

t specs are checked?

Description

Sequential check. A non-NOP/DES command can not occur on a self-refreshing rank.

Sequential check. A Self-Refresh Entry (SRE) command can not occur on an active rank.

Sequential check. An Mode Register Set (MRS) command can not occur on an active rank.

Sequential check. A read (RD or RDA) or write (WR or WRA) command can not occur during rank MRS cycle.

Sequential check. A non-NOP/DES command can not occur on a powered-down rank.

Sequential check. A read (RD(A)) or write (WR{A)) command can not occur during bank refresh.

Sequential check. A activate (ACT) or refresh (REF) command can not eccur on an active bank.

Sequential check. A refresh (REF) command can not occur on an active bank that is reading or writing.

Sequential check. A read (RD(A)) or write (WR(A)) command can not occur during on an inactive (precharged) bank.

The minimum time between any four activate (ACT) commands to the same rank must meet tFAW.

Fower-Down Exit (PDX/PRX) to any valid command (FRE(A)REF/ACTIMRS) must meet tXP.

Self-Refresh Bt (SRX/PRX) to any command not requiring a locked DLL (PRE(AYREF/IACT/MRSISRE) must meet tXS.

The minimum time between two activate (ACT) commands must meet tRRD.

Minimum time fram a PRE(A) command to any valid command on the same rank (MRS/SRE) must meet tRP.

Sequential check. At least one refresh (REF) command is required between self refreshed (SRX to SRE).

If the last valid command received before a self-refresh entry (SRE) was any precharge PRE(A), then the separation between these two commands must meet tPREPDEN.
If the last valid command received before a self-refresh entry (SRE) was a refresh (REF), then the separation between these two commands must meet tREFPDEN.
If the last valid command received before a self-refresh entry (SRE) was a activate (ACT), then the separation between these two commands must meet tACTPDEN.
If the last valid command received before a self-refresh entry (SRE) was a mode register set{MRS), then the separation between theze two commands must meet tMRSPDEN.
If the last valid command received before a self-refresh entry (SRE) was a write (WR), then the separation between these two commands must meet tWRPDEN.

If the last valid command received before a self-refresh entry (SRE) was a write wiauto-precharge (WRA), then the separation between these two commands must meet tWRAPDEN.
If the last valid command received before a self-refresh entry (SRE) was a read (RD(A)), then the separation between theze two commands must meet tRDPDEN.
Minimum time fram an mode register set (MRS) command to any other valid command that is not an MRS must meet tMOD.

Minimum from the first to the next and subsegquent mode register set (MRS) commands must meet tMRD.

The minimum amaunt of time in selfrefresh must meet tCKESR.

The minimum amount of time between write (WR(A)) commands must meet t2CD.

The minimum amount of time between read (RD) and write (WR(A)) commands must meet tNRTWw.

Power-Down Exat (PDX/PRX) Slow Exit (MRS_A12 bit low) to read (RD(A) command must meet tXPDLL.

Read (RD(A)) must wait tDLLK after reset.

The minimum amount of time between write (WR) and read (RD(A)) commands must meet tNWTR.

The minimum amount of time between read (RD{A)) commands must meet tCCD.

The minimum amount of time a rank must stay in power-down (PDE to PDX) must meet tPDmin.

The maximum amount of time a rank can stay in power-down (PDE to PDX) must meet tPDmax.

Minimum time fram a PRE(A) command to any valid command on the same bank must meet tRP.

The minimum amount of time in refresh must meet tRFC.

The minimum amount of time a bank must stay active (ACT to PRE(A)) must meet tRASmiIn.

The maxmum amount of time a bank can stay active (ACT to PRE[A)) must meet tRASmax.

The minimum amount of time from a activate (ACT) command to a read (RD{A)) or write (WR{A)) command must meet tNARW.

The minimum amount of time from a read (RD) command to a precharge (PRE[A)) command must meet tNRP.

The minimum amount of time from a read (RD) command to a activate (ACT) command must meet tNRA

The minimum amount of time from a write (WR) command to a precharge (PRE(A)) command must meet tNWwWP.

The minimum amount of time from a write (WR) command to a activate (ACT) command must meet thNin/A

Rank CKEx must remain high tDLLK time after a DLL Reset.




How are the event values set?

DDR System Setup

System Name | DDR3-1600
—DDR System
[DDRa-1600 | DDR Spec.

IECC MHz DDR Clock
|4 vl H of Ranks
(Chip Selects)
|512 Mb vl Total Addressable
§

pace
IE—L, Data bus (DG)

* Addressing Length
™ High Temp. Env. (85C-95C)

CKE Mapping... |

Setup iz valid

=] add | pel |

|

Rename |

r— ReadWrites
m Additive Latency
[70 =] Adtive Latency Reserved (AL)
[T =] cas tateney o1y
[a =] caswite Latency (cwL)

8-bit ~ | Burst Length

|12 3: Write Recovery (WR)

[ Registered

r— Information
8 # of Banks
536 ME  Rank Memory (64-bit)
2144 MB  System Memory (64-bit)
1KB Page Size
1 Read Latency (RL)
8 Wite Latency (WL)
13 Row Address
Length (bits)
10 Column Address
Length (bits)
24 WRA Precharge Delay
4 Min. RDA Precharge Delay

Save |

Compliance Timing Parameters

Timing Parameters|[Wja]=kE:ly1]]

tACTPDEN |1 il
C—

tccD
{CKESR |10 ns |
tDLLK |512 ck |

e 0 il
w2 B0 il
C—
tMRD [« il
{MRSPDEN [12 i'
R
{PDmax HT [B100 il
wREPDEN ' il
tRASmax Iw il
tHﬁSmax_Hle il

tMOD

tPDmin

pad | pel |

8 [ 3

Rename I

PO =
(ROPDEN [Derved il
e
wc sz ns |
Ia—1
Ca—1
Ca—1
wicaew P50 ms|
tRP [s00 ﬂl

tRASmin

tRFC_1Gb
tRFC_2Gb

tRFC_4Gb

tRAD_1Kb
{RRD_2%b |10 il
tRTP E
tWR [i5— il
tWRPDEN [Deived il

swrapDen [Deved o |
O = — T
tKP E—
peoll 5 ms|

INARW
tNRA Poived o |
tNRP [Derved il
mRTw  [pered o

Standard system setups are provided, and can then be modified

Once the memory system is setup, any timing parameter can be modified
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Post-Capture Protocol Compliance Analysis

t, < t
Analysis Run

o Acquisition
unlimited Memory

Acquisition
D Memory
Triggering

/ 2k

-
N
-
=
N
NN
i)

User Interface,
i Acquisition
Control

And Analysis

Secondary
memory
(hard disk)

= LA Memory Compliance Analysis Package enables automated sweeps of multiple
transitions, which would result in violation detection over many acquisitions.

= When violations are occurring frequently the likelihood of capture increases and the
analysis time decreases.

However, near the edge of margin envelopes, intermittency increases, resulting in
difficulty to observe and capture the event.
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Results per Session & per Acquisition

FIDIDDDHBRIIBHDIIDN DI

Violations | Status

Name Occurences Min.(ps) Max.(ps) Average(ps) Margin(%)

SRE Separation from RD{A)
MRS Settle

MRS Burst

sSREF Time

WR Burst

RDto eparation
PDX Slow Exit

Rank DLL Reset to RD{4)
WR to RD{A) Separation 20 6,236

RD Burst 3 11/ R Event

sPD Time Min. 11 RO 5 B2k

SPD Time Max. : occurrences and
PR 11 RO .

SREF Tme : details per
sACT Time Min. 5 R2 R Tl . ..

SACT Tim Acquisition
ACT to RD(A

RD to PRE(A)

RDto ACT

Spec. Value(ps)

Signal After DLL Rese(

Occurences | Violations | Status Min.(ps) Max.(ps) Average(ps)

O R =

Total Event
Occurrences

w oo -

0111

L I
| @

10/10/2011 1:38:50 PM

Y
[=]
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Individual Event Analysis

i
T Individual

RD to WR(A) Separation 13 acq u iS Itl 0 n and

PDX Slow Exit

Rank DLL Reset to RD(&) eve nt Se I ecti O n

Spec. Value(ps)

WR to RD{A) Separation
RD Burst

sPD Time Min. ; = _ State and T|m|ng
o - : j & before and after
SACT Time Max.

-

Sample # Timestamp Rank Bank Offending Cp® Value(ps) Marg

Occurences  Violations | Status

: M = | 25344 43860801 3 PRE
10/10/2017 1:38:05 PM . 3 114431
1PM 3
10/10/2011 1:38:16 PM
M

102011 ::1 ""'13 E:’: Bank # | Command | Violation

[t BN I - ]

RNy ]

& ?
47516.270

i)

&
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Multi-acquisition Automation Session

ﬁ Memary Compliance Analyzer - Connected TLA 581120

Fle Wiew Took Window

] compiiance Setup () Stant Run [Z] Check Aca. Memory | (fimics Tool

Help

R Sttimics
Samples

Delta Time
Total Commands
Total Bandwidth
DQ Data Bus Utilization Total
DQ Data Bus Utilization Reads
DQ Data Bus Utilization Writes
MRx Command Total

PRE Command Total

PREA Command Total

REF Command Total

ACT Command Total

WR Command Total

WRA Command Total

RD Command Total

RDA Command Total

SRE Command Total

PDE Command Total

DPD Command Total

PRX Command Total

ZQCL Command Total

ZQCS Command Total

W DQ Dtz Bus Utization

P

Compliar 2e Check Cunt

9123456783811

Acquisition #

g ™\
DQ Data Bus Utilization %
[ Both
[ Reads
B writes
g
g
=5
]
a
®
Acquisition #
(. .

Work completed.

M Command Summary

-
Total Command Co
400000
300000 4
=
Q
= 200000
E
E
3
100000
oA
[ L
Acquisition #
.

Violation Count

W WR Burst
" RD Burst
B sREF Time

L X EREREERE]

| Stat Run# Time

M Compliznce Parameters Summany [sll@ ][] R voston summany
\ r
Compliance Check Count
300000 B ddACT 8000
U dacT
i I WR Burst
250000 EEH RD to WR(A) Separation 6000
WR to RD(A) Separation
200000 I RD Burst 5
SPRE Bank 3
150000 4 B sREF Time = 4000
B SACT Time Min. X
B SACT Time Max. <
100000 4 ACT to RDIANWR(A)
I RD to PRE(A)
50000 WR to PRE(A)
B ACT to ACT Same Bank
04

Occurences Violations Status

Occurences Violations Status|

(ps) Max.(ps)

Average(ps) Margin(® ~

Sample# Timestamp Rank Bank Offending Cmd Value(ps)|

Automated control of the TLA took 10
acquisitions at 1M-Sample each for a total
of 10,485,760 samples over 0.9 seconds.
14 compliance parameters were found
and checked and average of around

150,000 times each.
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Real-time Protocol Compliance Analysis

Event Counters
and State Memory
continue to update

AT-SPEED, with

results displayed

in REAL-TIME,

While....

Event Memory

Event Counters

1111
\
\
_ tunlir ited
Analysis Run
Tt /="
7 7
= \ J
=) | ~Event
-—) State 1
==
S :t User Interface,
econdary | Acquisition
memory :> Control
(hard disk) And Analysis
D Acquisition
Memory V Unload,
vent D Acquisition é '\goec_‘g{rf
State n Tl\r/ilemo_ry
ggering

...the Acquisition

Memory is
unloaded,
analyzed and
trigger re-armed
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I Real-time Memory Compliance Analyzer

w
@
®
o
—
D
=2
®

DUAL INSTRUMENT PLUS PROGRAMMABLE FRONT-END

Tektronix-
/



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
= Timing and State analysis Real-time
= HTML reports / XML PostAclz\la[;ture
exporting Compliance Analysis
Command/Address

Tektron/iX@



Programmable Front-End / High Speed Eye Diagrams

56

(k= icis

iCi5 Setup

Left Boundary  -2000 ps

Right Boundary 2000 ps

Remember Previous Acquisitions

[ Clear Previous Acquizitions ]

iCi5 Groups [Double-click to select)

Address [16]
Bank Address [3)
Chip Select [2)
(W] Clock Enable (2]
Cantrol [3)

iCiS Sweep Woltages

From*oltage 0.3 i
TaoYaltage 1.3 v
Resalution om W
Repeat i] Times

Ahaove zettings will require sweep of
100 acquizitions.

m

[ ] =

-2,002ps

All Points Setwi/Double-Click

Bank Address
T: 0.900-0935%
S -319-11 pSec

Ba2

T: 0900
5: -39 pSec

Bad
T 0933V
5: -11 pSec

BAD

T: 0919V
5. 154 pSec

Chip Select
T: 0938V
S: 77 pSec

51

T. 0.938Y
S -7V pSec

Cs0

T. 0,938
S -7V pSec

Contral

T: 0.881-0.975Y
5: -3471--11 pSec

WE

T: 0919V
5: 341 pSec

CAS

T: 0975V
5: -11 pSec

Ras
T: 0881V
5: -165 pSec
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I Automated Analysis Sessions

One or Many Acquisitions / One or Both Analyzers

Protocol Analysis Session
— Protocol Analyzer runs until stopped
— Violations and statistics are reported

= Single Acquisition Session
— Protocol Analyzer runs until the state analyzer is triggered
— Violations and statistics are reported.
— State/Timing data is acquired and available for analysis

= Multi-Acquisition Session

— Protocol Analyzer runs until the state analyzer is triggered
— Results are stored in disk memory and analysis is restarted
— Trigger conditions can be modified mid-session.
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Compliance Timing and Parameter Selection

58

Spec timing
Included
Customize timing

per target and
margin

Enable one, some
or all violations

5 Target Compliance Timing E'@ o
[ ‘wirap Vinlation Storage DDR:
Compliance Timing (Speed-Bin] [DDH3'2133H GoliathR1.1 vl ﬁ Enable Compliance Parameter
CTPDEN ! tRaSmin - 35 10 Ed -
{CCD 2 tRCD 13500 11: P
KESR 7128 tRDPDEN  Derived ck 12 5
{DLLK. 512 tREFPDEN 1 13 tRRD -
tFaw/_tkb 30 tRFC_512Mb 30 LS Ul B Bt
Fw Kb 45 RFC_1GE 110 15 REF Before SRE
tMOD 18 tRFC_2Gb 7B 15 PREFDEN =
tMRD 4 tRFC_4Gb 300 7 IREFPOE
15 WCTPDEN
tMRSFOEN 18 tRFC_8Gh 330 6 L REETE
(PDwin 9823 1 19900 201 twRPDEN T
tPDmax 70200 tRRO_TKb 6 21: ARAPDEN
HFDmaw HT 33100 tRRD_zkp 700 22 tRDPDEN
tPREPDEN ! (RTP 7500 23 tMOD
tRASmax 70200 R 15 24 tHRD
tRASmax HT 35100 twRPDEN  Derived ok 25 (EKESA
26 ICCD WR i
| 1 | [
[ el Nore | | selan |
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Logic Analyzer Acquisition Control
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8 IF/'THEN/ELSE
States

Each State supports
multiple AND/OR
clauses

1 Global Storage
qualifier

4 Word Recognizers

2 Counters

$ Acquisition Contral

Setup Name Galiath

Storage Contral
Post-Trigger Delay 1,000

Pre-Trigger Limit  MNone

Trigger In | OFf -

Winlation Comtral

Edit Violationz

Wirap Yiolation Stare

Trigger Contral
Trigger Stautus: OF,

‘whord Fecognizers

= Signal Bank Addr  Command  Addresz Rank
= Wt | ~| |7 | [aCT =] %% Rank
wR2 | -] (7 | [PRE =] %0 Ranki
s
whe [ e[ e

Counter Load Values
Counter 1 | 1000000

Counter 2 2222

Y
¥
Y
¥

Start at Load Value
Start at 0 hd

Clause:l E dit | | Add | | Ingert |

| Delete | Clauze Logic |Else If

Global

1

IF Anthing
Then |Store

m

State 1 State 1

IF Anthing

Then |Load Counter 1 AMD Go Tao State 2

State 2 State 2

Then

If Wh2 Matches
Increment Counter 2 AMD Go Tao State 3

Else IF| Anything
Then |GoToState 3
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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

Tektron/iX@



Violations and Acquisitions Must Be Time Correlated

R MCA Direct Winlation Listing == = R MCA Direct Acquisition Listing = |[= =
Timestamp (n3) Bank Address|Rank(s) Violations|Acguisition Sample * Timestamp (n3) [Address Ranlk # Bank # Command Violation -
51,015.3% = LRFC 33962 = 90,179.50 = = u]
ol,azu. 17 = tRFC 54366 an tet nn = - u}
H
E o = tRFC 125519 an._1/84 N = = u}
197,279.24 = LRFC 1314591 20,185.50 = = u]
3.,322,501.00 = tRFC 90,187.00 = = a
3,606,275.50 = tRFC 20,185.50 = = u}
3,666,552.00 = tRFC 90,190.00 OoFoD 1 u] ACT
3,675,070.50 = tRFC S0,191.50 = = o
3.,704,815.00 = tRFC 90,193.00 = = a
3,713,274.50 = tRFC 90,154,850 = = u]
3,735,281.50 = tRFC 90,196.00 00z 45 1 5] ED
« T Bl | = [ I ol S
M MCA Direct Acquisition Wavefarm |E||E|@

Tirmestamp [nS]

N | | [/

Address O0FED - - -

Rank #

Bank #
S

Cammand ) ACT HOP ) ) HOP
S S ke O S N, Wl o, T SO e O SO B W ol

Yiolation
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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
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Memory Validation Continuum
Analog Digital
Validation Validation

|l v =

CQCE.F&]
=9

Instruments

Probes

Analysis SW
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