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I Outline

Industry Trends & Market Status

Existing SDRAM Technologies
— DDRS3, DDR3L, DDR3U
— DDRS3 Signaling
— LPDDR2/LPDDR3
— LPDDRS3 Signaling
— DDR4
— DDR4 Signaling

“Emerging” SDRAM Technologies
— LPDDR4
— WidelO2
— HBM (High Bandwidth Memory)
— HMC (Hybrid Memory Cube)
— Bandwidth and Pin Count

Memory Validation Continuum — Solution Overview
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Industry Trends & Market Status
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I DRAM Market Status

Consumer Server

T 7

DRAM Market

« Three Sub segments all focused on single standard

« Computer segment disappearing and market bi-furcation into Server
and Consumer

4 Tektron/im



I DRAM Industry Trends
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I Consumer DRAM Market status
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I DRAM Applications Overview

Handheld
Mobile/Home/Office
Computing

LPDDR2, LPDDR3 LPDDR4
Solderdown/CSP/PoP

UDIMM/SODIMM WidelO2

x8/x16 DDR3, DDRAL (U)
RDIMM/LRDIMM x4/x8 DDR4 / 3DS
x4/x8 DDR3, DDR3L, (DDR3U) HMC

RLDRAM ...
Solderdown

DDR3(x32), GDDR5 WidelO2
High Performance HEM
COmputlng 10/73{201 7
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Existing SDRAM Technologies

= DDR3, DDR3L, DDR3U
= LPDDR2/LPDDR3
- DDR4
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DDR3/DDR3L(/DDR3U)
Server and Desktop/Mobile Computing

Protocol Layer

Command based interface

Separate Command/Address and data bus
Power state management via CKE

No dedicated connectivity test mode
Clock/Strobe calibration (write leveling)

Physical Layer

DDR Signaling, Midlevel Referencing (VREFCA, VREFDQ)

SDR CA-bus, differential clock

Bidirectional single ended data bus (800 — 2133 Mbps/pin), differential strobe
programmable Midlevel ODT, ZQ calibrated

programmable Drive Strength, ZQ calibrated

Packaging Technology

Typical DIMM with 8...36 single SDP’s (or DDP, QDP, 3DS)

x4/x8 (server) x8/x16 (mobile computing) x32 (low end graphics)
E.g. x8 has 44 active signals, window BGA (CSP), 0.8 mm ball pitch
UDIMM, RDIMM, LRDIMM socket 240-pins 1.0 mm pitch

X64/x72 DIMM has 6.4 GBps ... 14.1 GBps per channel
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DDR3/DDR3L(/DDR3U): Signaling Details (1)

= VDD =VDDQ: 1.5V, L=1.35V, (U=1.25 V)

=  AC-Input Levels:
+/-175 mV...+/- 125 mV around VREF(dc)

= DC-Input levels:
+/-100 mV .... +/-90 mV around VREF(dc)

= Strobe crossing centered in data eye for Write;
Rising strobe edge centered between two falling clock edges
tDSS = +/- /4 1CK

= Strobe edge aligned with clock for Reads;
tDQSCK = +/- 10% tCK
Data aligned with strobe for Reads

= Slew rate dependent setup/hold (derating)
= ADD/CMD - eye centered around rising clock edges (SDR)
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DDR3/DDR3L(/DDR3U): Signaling Details (5)

Preamble/Postamble Read/Write

DQS - DQS

Resulting differential signal
relevant for twere
specification

11

DQs - DAS

Resuiting differential signal,

relevant for,
spedfication

WPST

’_\I___\/_\I___\/_\I___\

o ,H'\_/‘ ’\_/

DQs
Single ended signal, provided
as background information

te

DQs
Single ended signal, provided
as background information

t1
{RPRE_begin

DQS - DQs

Resulting differential signal,
relevant for frpre
specification

{RPRE_end

DQs

Single ended signal, provided
as background inft!mnatinn

DQS

Single ended signal, provided p
as background information

L

/_\ RPST

0

DQS - DQS =
Resulting differential signal, t1
relevant for £, RPST_b
specification

[

C

12
4 PST_end TD_TRPST_DEF

Tektronix-
/



LPDDR2 and LPDDRS3
Handheld

Protocol Layer

DDR Command/Address (10xCA-)bus; 2-halfcycle commands
Different Prefetch LPDDR2: S2, S4; LPDDR3 S8

LPDDR2 also supports NVM, LPDDR3 does NOT

No dedicated connectivity test mode

Clock/Strobe calibration (write leveling); LPDDRS: Clock/CA training

Physmal Layer

DDR Signaling, Midlevel Referencing (VREFCA, VREFDQ)

DDR CA-bus, differential clock, SDR CS#

Bidirectional single ended data bus (400 — 1066 - 2133 Mbps/pin)
differential strobe, unterminated HSUL, LPDDR3 adds VDD term option
programmable Drive Strength, ZQ calibrated

Packaglng Technology
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PoP or side-by-side CSP solder-down, 0.4, 0.5, 0.65x0.8 mm ball ptich
MCP in with separate NVM (eMMC, UFS) channel(s)

Edge-pad die with wire-bonded DDP/QDP, very thin

Typ. one or two channels; x32 DQ per channel; 1.6 — 7.0 GBps per ch.
~60 active pins per (x32) channel
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LPDDRZ2/3: Signaling Details

= VDDQ: 1.2V

= AC-Input Levels:
LPDDR2: +/-300 mV...+/- 220 mV around VREF
LPDDRS3: +/-150 mV...+/- 135 mV around VREF

= With VDDQ termination VREF may be off-centered!
= CA bus DDR, eye centered around clock crosspoint
= (CS_nis SDR, only latched with rising clock edges

= Strobe centered in data eye for Writes,

= Strobe aligned with clock for Writes
tDQSS= +/- VatCK

= Strobe edge aligned with data for Reads;

= No DLL: strobe NOT aligned with clock for Reads;
tDQSCK =2.5...5.5 ns

=  Slew rate dependent setup/hold (derating)
referenced to clock/strobe crosspoint

= tQH (while defined the same way as in LPDDR2) has much larger value (in %Ul)
compared to LPDDR2
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DDR4
Server (and Mobile Computing)

Protocol Layer

Command based interface like DDR3

CA parity, Data CRC (for higher data rate), DBI(dc)

Dedicated connectivity test mode (mandatory for x16/x32)
Clock/Strobe calibration (write leveling); ‘internal VREFCA' training
DQS/DQ training; ‘internal VREFDQ'’ training;

Physical Layer

DDR Signaling, Internally programmable VREFCA, VREFDQ/bytelane
SDR CA-bus (~23x), differential clock

Bidirectional single ended data bus (1600 — 3200 Mbps/pin), diff. strobe
Databus VDDQ terminated, programmable ODT, ZQ calibrated
programmable Drive Strength, ZQ calibrated

Packaging Technology
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Typical DIMM with 8...36 single SDP’s (or DDP, QDP) or 2H, 4H, 8H 3DS
x4/x8 (server) x8/x16 (mobile computing) x32 (low end graphics)

E.g. x8 has xx active signals, window BGA (CSP), 0.8 mm ball pitch
UDIMM, RDIMM, LRDIMM socket 288-pins 0.85 mm pitch

X64/x72 DIMM has 12.8 GBps ... 25.6 GBps per channel
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I DDR4: Signaling Details

= VDD =VDDQ: 1.2V, (maybe = 1.1V = 1.0 V in the future)

= Generally like DDRS3; excepit:

= No external VREF.
Replaced by internally trained VREF
and virtual “VCENT”

= Mask type data valid window
mask height ~+/- 68 mV ... xxx mV
(corresponds to DDR3 dc-levels)
VIHL_ac = +/- 93 mV
(corresponds to DDR3 ac-levels)

= VDDQ Termination
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DDR4 Rx Data Eye Detail: ac/dc levels -- mask

Redefinition from (min) ac/dc levels that must be applied externally

(as system requirement)
- (max) mask height (VdIVW) that receiver is allowed to require

(as receiver property)
VREF is internal and trained in DDR4 system - only virtual Vcent externally

AC-level has to be reached, but at no particular time

A
N e /)
VIHDQ(AC)min P

\/ VIHL_ACmin
= tf

A
Rx Mask Rx Mask }
VdIVW_Total
v max

(dC) ‘% VIHDQ(DC)min

—>
—| VILDQ(DC)rmax

Vecent_Dq
(pinavg )

VILDQ(AC)max

JEDEC

S —
C ONFIDENTIAL
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I DDR4 Rx Data Eye Detail: Statistical Mask
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TdIVW (max) is centered around the strobe crossing (replaces min setup/hold)
VdIVW (max) is centered around Vcent

Vcent is the calculated to be the widest eye-opening

Allow VdIVW and TdIVW to have bounded (deterministic) and gaussian (random)
properties.

TdIVW_total

> .
- >

e — — P
Rx Mask \ /

VdIVW

_\AY [vdivw_dv
Total

A

w4

TdIVW_dj
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Memory Validation Continuum
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Memory Validation Continuum

Logic Execution
Validation Validation

Analysis SW
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I Memory Validation Continuum

= Complete Solution for the Memory Application Space

= Best in class solutions for Electrical, Logic and Execution

Validation plus correlation and time-to-data capabilities
unique to Tektronix

— iCapture and iView Capability

— Socketed interposers

— iCis

— Shared Interposers

— Common compliance software

— Single probing multiple views

— MSO Slot+MCI probing combination
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I iCapture / iView

MSO

7/
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Socketed Interposers

Socketed
Scope Interposer

Socketed
LA Interposer
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Data Displays

645ps 1,230ps 1,B1l6ps

2,402ps 2, 98Bps 3,57¢

RD_DataByte7
T: 21V
S: 94 to 121tk
Read Data

RD_DataByteb
T: 2135V
S: 8610 114tk
Read Data

iCi’s

2.04V
S: 80 to 108tk
Read Data

RD_DataByted - . /LA [off-line] - Listing 5
T: 206V

. : Ele Edit Miew Data System Tools Window Help
71 to 95tk R R ™ RN M & A | W Eplorer + [llsetip [ Trigger ™ Waveform %% Listing Status | Idle

EBX - [2]x]
o T o B & || A Aciiy  F Threshold ® 0% ¥ Seach ~ | L0 AE X BH
&1~ [ ousort = |tof] Cusor 2| = 8.7

Read Data E Listing 5

@ Vien @ Magnivu & Activity f Threshold OF Value
&' - [] Cusor 1 = to[] Cursor 2 - 87830

— &_poRzLE a4 [E_DDRILE_4A E_porsUe_4a |&_porzue, © o |
it Address 3 [Nnemonics DataHs Datale 1
Waveform 10.770ns 1177008 127700 12.7700e}
ORE COMIAN =
ORE CONMAN - i 7 ]
ORE COMMANI = MagniVu: Address |3 s |
ORE CONMAN - | — —
ORE CONMAN
QRE_COMMAN |
IVATE (508) Bank: 2 MagniViu: DDRCIK
(ORE COMMAN B ——————
ORE COMMAN MagniVi: DQS7.
ORE CONMAN e I—
ORE COMMAN Vu: RO_DataByte7
ORE_CONMAN I
STIVATE (500 Banki 5
ORE COMMANI MagniVu: DQS6
ORE CONMAN | —
ORE COMMAN Vu. RD_DaiaByted
QRE CONMAN P
ORE CONMAN WR_Datalytes i 4
QRE CONMAN ————
CRE o Magnivu: DQS5
Bark: 5

Vu: RD_Datadytes
WR_DatoBytes
MagniVu: DQS4
Vi RD_Datadyted
7
MagmiVu: DQS3
u: RD_DataByte3

ORE” COMMARD
508

K ACTIVATE (508) Bank: O
(ORE COMMALD

Traditional LA
Display

MagniVu: DQS2

Vu: RD_DataByte? | IR
WR_DataByte2

MagniVu: DQSI

vu; RD_Datadyte! | I

WR - WRITE (SO8) Bark: 2
READ DA

/GLE BANK PRECHARGE (SD%) Bank: §

ORE COMMAND
ORE COMMAND
ORE_COMMALD
E

MagniVu: DQS0
DatoByted
WR_DatoByted

MagniVu: DQS8 1 "

G;URE COMMAND

~
v

< >

Trigger

. CS4EES07
g | WAITE DATA fsooee | Hciooeo @ ‘j

For Help, press F1
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MSO Interposer Combination

MSO Interposers
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MSO
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I Shared Probing

. . : LA Probes

RN YN
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Protocol Compliance
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All Checks & Violations

Occurences | Violations | Status Min(ps) | Max.(ps)  Average(ps) | Margin(%) Spec. Value(ps)
RD to WR(A) Separation

PDX Slow Exit
Rank DLL

Stat | Run# | Time Occurences | Violations | Status Sample # | Timestamp | Rank | Bank | Offending Cmd | Valuc(ps) Margi
1 10102 0 PM 2534 49360801

BRABDRDAD DD

1
1
1
1
1
1
1
1
1

010

Real-Time Protocol
Compliance

Offline Protocol
Compliance
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I Single Probe Multiple Views

iView Trigger

Data Address/Command
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Memory Interface Electrical Validation

Measure the analog signal characteristics; trtf, Vmin/max, jitter,
eye size, crossover, strobe/clock alignment, etc.
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Memory Validation Continuum

Analog Digital Execution
Validatio Validation Validation

o (e _— ]

n
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Analysis SW

I -

i .

i 3
! :

‘ :

29 Tektron/iv



Signal Access
Probing
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P7300 Probes

P7500 Probes

[']

4 21W-29204-0 How To Guide P7500 Tip Selection Solder Guide.pdf

Tektron/iv



Interposer Types

Socketed Interposers
= Comes with a Custom BGA Socket that needs to be soldered to Target
= Allows snap-in/snap-out of components using micro socket

= Full BGA visibility

= No Special design or routing requirements needed

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

=  Quickly Swap Memory Components on the Target

PoP Interposers

= Comes with a Custom BGA Socket that needs to be soldered to Applicatio
= Allows snap-in/snap-out of components using micro socket

= Full BGA visibility

= No Special design or routing requirements needed

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

= Quickly Swap Memory Components on the Target

Direct Attach Interposers

= Interposer is soldered to Target

= Memory Component is soldered to Interposer

= Full BGA visibility

= No Special design or routing requirements needed

32
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Interposer Types

Direct Attach Perimeter Interposers
= |Interposer is soldered to the Target

= Memory component is soldered to Interposer

= Signals are brought to pads on edge of the Interposer

= KoV of the interposer is the same size as the BGA component

= Because of limited space around the edge not all signals can be probed

= Choose between wide / narrow Address or data

MSO Interposers

= Provides a quick and easy access of the Addr/CMD signals to MSO digit
= Allows the Addr/cmd triggers to correlate Analog Inputs

=  Combine with Component Interposers for high fidelity analog analysis

33
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Interposer Availability
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Socketed — 60 Ball/ 84 Ball

Solder-down — 60 Ball/ 84 Ball

Socketed — 78 Ball/ 96 Ball

Solder-down — 78 Ball/ 96 Ball

Edge Probe — 78 Ball/ 96 Ball — Coming soon!
DIMM Interposer for MSO

SO-DIMM Interposer for MSO

Socketed — 78 Ball/ 96 Ball

Edge Probe — 78 Ball/ 96 Ball

Edge Probe — 144 Ball — Coming soon!

DIMM Interposer for MSO

Socketed — 60ball

Socketed — 136 ball/168 ball/216 ball/240 ball
Socketed — 216 ball

Solder-down — 178 ball

Socketed — 170 ball

Solder — down — 170 ball

e TN

L EEERERETFERPRITTS 5

YAdSaeL
-, 38 10400

< 1oy

Tektron/iv



Probe Modeling

Via

35

Damping/lsolation Resistor

| ortl
TD=1 -~
1 &)
q | Z=50chm
P=respos
D=1p

Z=50chm
P=150 mil-respos
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Frequency Response

36

Models the insertion loss
based on placement of
Isolation resistor

Resistor closer to Via has
better response than the
one further away

Insertion Loss Circuit1

-12.33 —

-14.00 —

-16.00 —

18.00 —

dB{S(Port3 Port))

-20.00 —

-22.00 —

-24 .00 —

T T L T LI T | T T I T T T T
4.00 6.00 8.00 10.00 12.00

F GHa
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De-embedding

= |n 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

il
b Setup block menus and press Apply
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Signal Acquisition and Analysis
Triggering, ASM, DDRA and DPOJET
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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 12.5 12.5 12.5 16

(Max Performance)

Recommended Scope BW

(Typ Performance)

= Highest Accuracy on Faster Slew rates

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

25 25 3.5 8.0 12.5 125 125 12.5

Microsoft Excel
Worksheet
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I Debug and Analysis Tools

= 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
— DDRA
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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

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

DOR Analysis

@ Ejmmumumu FI:!:_I!W_?._ ~ Data Rate
DDR [* |  |1800 MTIs
2 | Measurements and Sources DOR2 ' 1866 MT/s

|DoR3 ' (2133 MTs
| 3 | Burst Detaction Method \DDRIL ' 2400 MTIs
DOR4 " |2666 MT/s
4 | Burst Detaction Settings \LPOOR ' [3200 MTs
|LPDORZ | .Cusmm
5 | Tnresnolds and Sealing FoDRI | o
—__ GODR3 ' :

GODRS
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I DDRA Measurement Process
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DPOJET Analysis Overview

Link Analysis (SDLA)

Live Analog
Live Digital
Reference Memory

Math

Waveform

43

Acquire

DPOJET works with
the following data
sources

- Analog

- Digital

- Math

- Reference

\

Transform

Data from a data
source can be post
processed to achieve
visibility at multiple
test points or after
math transformations

Period

Measure / Analyze

Measure
simultaneously across
multiple test points
and measurement
configurations

Plot and zoom on
worst case to provide
deeper levels of
insight

G

Results

Repotting

Get a test report with
measurement results,
pass fail limits, plots,
user comments and
instrument
configurations.

J

Tektron/ix**



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
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Visual Trigger

= 8 customizable zones to quality HW trigger setup

=  QOption VET required

= 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”

= Apply to either trigA or trigB, whichever is last

= Usedto
— Separate Read bursts from Write Bursts
— Separate ranks
— Look for pattern dependencies
— Enable persistence eye diagrams

Tektron/ixw



Advanced Search and Mark

= Scans entire acquisition for multiple occurrences of an event and marks each
occurrence
= Extends across live data, stored as well as math waveforms.
= [ntegrated with Trigger function and extends it
— Marks all events in the current acquisition that match the trigger setup

= [ntegrated with DDRA

— DDRA uses ASM to mark all the events of interest and the marked events are
used as gates for analysis by DDRA
File | Edt | Verticd | Digital | HorizfAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities elp n

nnnnnnnnnnnnnnnnnnnnnnnn

Trigger - Setup/Hold

Trigger Type

Setup/Hold | ¥

________ 8

"/ Mark All Trigger
Events in Record

Settings
Shared \ £

Trigger - Pulse Width

Trigger Type
Width v

uuuuu

LLLLL

46
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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

Results: Counts

m DDR Read Ch 1,Ch2

chﬁgure .-7. DDRW'I‘Ite Ch 1,Ch 2

Results: Mark Table

Time Delta

Type (emo Jms | us | va [ pe | Deceipfen

DDR Write -8.579uUs DDR3 - WRITE - 1.0660
DDR Write -8.496us_000_ 000 000 082 480 - I

DDR Wiite -8.414us_000_ 000 000 082 520 - -1,
4| DDRWirite |C1] -8 331us 000 000 000 082 500 | DDR3-WRITE-1.0660
DDR Wite -8.29us 000 000 000 041 240 DDR3- WRITE - 1.066G
DDR Wirite , DDR3 - WRITE - 1.0660
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Summary — World’s Best Memory Test Solution

Complete

= Provides JEDEC validation, characterization and
full measurement support

= Comprehensive coverage of multiple memory
standards in one single package

Performance

= Based upon high performing oscilloscopes and
software analysis tools

= TriMode probing that enables three measurements
with a single probe connection

= Read/Write burst identification on all bursts
= Automated setup with JEDEC pass/fail limits

Comprehensive Analog Verification and Debug Tools for Memory Interface
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