PathWave ADS Memory DesignepaT

A complete design and péatform
for nexgeneration memory
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Challenges of Memory Design an@Gé&lextation Memory Standa

Have you spent hours setting up your memory simulations? Remember individually
wiring each connection for an entire data bus?

Are you worried about the requirements of next-generation memory, such as DDRS5,
and LPDDR5?

Have you ever worried that crosstalk ri snbd

simulations?

Do you want to explore design constraints for your memory channel with vias and
transmission lines, optimized for your substrate stack-up, early in your design cycle?

Designing a DDR memory system is already a very challenging and complicating task.
It may take hours to setup your simulation, including wiring, setting up IBIS and
channel models, as well as design parameters (if you are still using legacy tools and
flows). As design margins continue to shrink, and complexity increases, the memory
design workflow also need to evolve. With emerging new standards, such as
DDR5/LPDDRYS5, there are new simulation requirements and methodologies to
consider. DDR5, as an example, compared to previous generations of DDR standards,
now requires equalization at the receiver. This brings the need for accurate IBIS-AMI
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models for the receiver. Additionally, since project timelines are now tighter than ever,
it is essential to design your DDR system in the most predictive and productive
manner, reaching design sign-off with the utmost confidence.

DDR5 and LPDDRS5 are disruptive technologies:

9 Data rate is increased to 3200 i 6400 MT/s (with a view to 8600 MT/s)

9 Equalization (including CTLE and DFE) is utilized in both memory controller and DRAM to
mitigate ISl (inter-symbol interference)

Timing and voltage margins are specified at an extremely low BER
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Simulation Workflowesed t&volvdor DDR5 and LPDDR5

1. Design Margins are Shrinking

As speed grades continue to increase, the unit intervals (Ul) we need to work with
are continuing to shrink. This leads to jitter eating up a greater portion of your
design margin, and we need to carefully handle the cross talk to minimize eye
closure. So much so, that at DDR5 speeds, after the long channel, looking at the
package pins of the DRAM, the eye may be completely closed. Therefore,
equalization to open the eye both at the driver and receiver may be unavoidable.
Additionally, design specifications are becoming more bit error rate focused,
moving away from traditional setup and hold timing measurements.

This means your simulation must predict eye closure due to random jitter all the way
down to BER 1E-16 in a practical amount of simulation time.

2. Design Complexity is Increasing

With DDR5 and LPDDRS, it is the first time to have decision feedback equalization
(DFE) on the DRAM. Traditionally, the DDR specification was at the balls of the
DRAM package. With DDRS5, probing at the package, the eye can be closed,
meaning the receiver specification must move inside the die (after the equalizer).
Typical equalization in memory systems are 3 tap pre-emphasis, feed forward
equalization for the transmitter, and CTLE, VGA, and DFE for the receiver.

For an accurate prediction of signal integrity, IBIS-AMI models for single ended signals
have emerged as a leading technology for DDR5/LPDDR5.

3. Project Timelines are Tighter than Ever

It is necessary to have a predictive and productive design flow to minimize the risk
of design failure in the first prototype. By reducing design iterations, you can get
your product to market as fast as possible.

Additionally, you can increase your confidence in the design sign-off by performing
an automated DDR compliance test, powered by Keysigh
compliance test solutions and measurement science.

Keysight is the technology leader and has a complete DDR5 design and test workflow;
your best partner to accelerate your project to success.
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DDR%nd LPDDRS5 Jitter Tracking

Since IBIS-AMI was developed for differential signaling, the first challenge for the adoption of
AMI to DDR was how to handle single ended signaling. Additionally, the single ended DDR
signals have asymmetric rising and falling edges as well as forwarded clocking. This
common mode issue was resolved by IBIS BIRD 197.7 with the introduction of the new

parameter, DC_Offset. The asymmetric edges in single ended signals is addressed

accurately by applying two impulse responses for each rising and falling edge, rather than

taking the average. The forward clocking can be accurately modeled by GetWave?2.

GetWave?2 enables finding the optimum DFE clocking and jitter tracking which are key

design parameters for DDR5 and LPDDRS.

DDRS5 AMI Jitter Tracking

Write Mode (Only DFE Enabled)

Memory Pre-Layout

0R Convotert

OO Pretayoutt

Jitter tracking for uncorrelated jitter between data and strobe signals.

The BIRD204 document describes the details of different AMI clocking options and the table

below, summarizes the differences.

Clock forwarding and DQ-
DQS jitter tracking

DQ slicer sensitivity in terms
of DQS slew rate

Power Integrity output delay
nonlinearity and
discretization

DQS correlated voltage noise

DQS jitter amplification by
Power Integrity

Yes

Yes

Yes

Yes

_DQ1 Eye Memory_Probe Density _DQ0 Eye Memory_Probe Density

QS0 Eye Memory_Probe Densy

=

No

No

No

No

No

No

No

No
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http://ibis.org/birds/bird204.docx

Advanced Challenges Covered by PathWave ADS Memory Designer

Predict eye closure due to c

Equalization modeling Yes
Single Ended Signals: Asymmetric eye shape Yes
Single Ended Signals: DC offset Yes
DQ to DQS clocking (jitter tracking) Yes
Multiple Tx and Rx simultaneously Yes
Write-leveling Yes
Compliance Reporting Yes
Transient Convolution, DDR Bus Simulation (Bit-By-Bit & Statistical) Yes
IBIS-AMI model generation Yes
Flexible components (SPICE netlist, IBIS models, Ideal Tx / Rx, S-Parameters) Yes
Unmatched |O* (Can represent multiple Ul skew between Data & Strobe) Yes
Power Aware Simulation (SSO/SSN) Yes

*I'nside a DRAM devices there can be multiple Ul 6s skew between signal:
can be maintained IBIS AMI modeling if two waveforms are input into the model.
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IntroducindgpePathWave AD&mory Designer Workflow
Traditionalorkflow:

Traditional / old
methods of setting up
your memory
simulation is time
consuming and errer
prone

Memorgesignenorkflownew, faster, simpler setup

Significantly reduce
clicks and setup time
using the smart
components and bus
. wire in Memory

Whlllle? )} Designer

Printed Circuit Board

DOR_PCB1

Key Productivity Benefits with PathWave ADS Memory Designer:

Reduce setup time from hours to minutes

One schematic for both DDR Bus simulation and Transient simulation
One schematic for read and write cycle

Apply IBIS models for groups of signals as one (reduce clicks)

Simple smart bus-wiring to automatically match and connect components
IBIS and non-IBIS flow (including jitter and equalization)

=2 =4 =4 4 A4 -4 4

Design-and-Test solution with compliance applications, invoked within ADS
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IBIS/AMI Modeling Workflow

AMI Models:
+ Equalizations — CTLE,
DFE, Vref Cal, AGC, etc

IBIS Models:
* IBIS Version 7.0

+ Batch simulation setup setup for batch EDEC Compliance Test
smulabon Testing Setup

I TDR, NEXT, FEXT, EYE,
MASK, BER, Jitter, DFE, efc..
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1 Controller :
1

i 1
- A Jg
1 -Cooucy >
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i Simulation Setup Channel Setup Memory Setup « Automatic Probe : 1
1 - DDR4, DDRS, « Pre-Layout Designs | +1BIS mode! / Non-1BIS § recognition of : H Analysis 1
1 LPDDRA, LPODRAx, ADS Desig + Package signal nets and y 1
H LPDDRS, etc «Pin based model setup connections And 1
H . Tw;::m mgw S&"s Equalization, Jitter, * Dy 1

simulation y-t 1 . Mi, etc S Pass/Fail i
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Pre-layout Flow Post-layout Flow
« Stackup Designs = PCB EM Model Extraction including
« Transmission Line Design/Sy PDN

« Via Designs and Analysis * Rapid Z0 scan for quick design check
= TDR check
= 3D EM for package models

Channel Modeling Workflow
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Utilizing the smart component fimemory probedo enabl es
applications with industry proven measurement science, all automated from within ADS.

¥ DDR4 Ti DDR4
File View Tools Help

Set Up | Selec Configure | Connect | Run | Automate

[ M

e
ck Plu 762500000 mV Information Only

VIH.CA[AC] .681000000 mV 9.2 VALUE >= VrefCA_Volt+0.1 V 68

Overshoot amplitude (Addre:

tIS(base)
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DDR4 Test Report

2 Pass
< —_— = = Test Configuration Details
o _Actualvalue Margin_| N Device Description
o Me: 798.2 mv 14.03 % Custom Data Rate [MT/s] | 2400
StdDev 9.627 m - Test Mode Custom
0 Burst Triggering Method | id or wrt ONLY
LPODRA Wo
11.00 Lk =
9 8% 611.0 Test Session Details
- - tun_Mode ADS_Automation
G o iV e nfiniium SW Version 6.30.516.0
[Infiniium Model Nember | Wovoas
Indiniium Seria Wo serial
SH_Version 2.99,9040.0
Mode_Used Wo
Compliance Linits 00RA-2100 Test Linlt (official)
DS Version hpeesafsin (=) 510.gdevelop
[1bis_type )
Test Date 2019-901-10 13:07:16 UTC -08:00
Messages

Summaries (click for details)
11:49:58:408 AM Ready

Summary of Results

11:4 025 AM Concord Mode Enabled [ Test Statistics |
2019-01-24 11:50:04:463 AM Automation Started Failed | 0 5%
2019-01-24 11:50:04:582 AM Automation Ended :ml"'l T —
19-01-24 11:50:04:691 AM Run Started
2019-01-24 1 54:608 AM Run ended Pass [0 Failed [ Trials | Test Mame (click to jump) Actual value margin | Pass Limits
v [e VSEH(Clack Plus) 030.916000000 =v | 100.0 | Information only
T e T Ceecahoot srplituds (Addresi, Control] | 130.544700000 #v | 3018 | VALUE <= ©0.000000000 =V
U |e 4 £CK(abs) Rising Edge Measucements 828 ps 100.0 | Informetion Only
(&= ) TIAT(CC) Rising Edge NMeasuremsnts B ps 90.4 | VALUE <= 83 ps
® [e 4 tCK(avg) Alsing Edge Measurcments 833 ps 0.0 B33 ps <= VALUE <= 937 ps
o 4 Sditlesr) Rizirg Bdgs Meosuroments & ps 0.5 42 ps <= VALUE <= 42 p3
@ [e ] rr(Zper) o Feasurement 7 ps 4.3 61 ps <= VALUE <= 61 ps
® o a tecr(Jgec) Rising Edge Measuceseqts -6 ps 45.9 73 ps <= VALUE <= 73 ps
& e ) rr(dper) Rizin e 6 ps 6.3 “81 s <= VALUE <= 81 ps
(@[ ) Terc(Sger) Rising Edge Measuressnts -7 ps 6.0 -87 ps <= VALUE <= 87 ps
o [e a terr(6gec) Rizing Edge Measucessats -7 ps 46.2 -52 ps <= VALUE <= 92 ps
-ED 0 Terr(Zper) Wising Edge S P 478 | 57 ps <= VALUE <= 97 ps
& [e 4 terc(dper) Rising Edge Measucements -5 ps a7.5 181 ps <= VALUE <= 101 ps
(@ [= 4 terr{9per) Rising Edge Measurcments S ps. 47.6 -184 ps <= VALUE <= 184 ps
o e 4 fecc(ldgec) Rizing Edge Measucemenis -5 ps 47.7 -187 ps <= VALUE <= 187 ps




PCBChannel Model

Memory Designer provides a comprehensive and simple workflow for both pre-layout design

exploration, and post-layout EM verification for a smooth flow. EM verification can be provided from

your EM simulation of choice (e.g. SIPro). Memory Designer enables total flexibility where there are

no limits in the schematic from using models from: HSPICE, S-parameters, other cells of SIPro PCB

models. Automatically detect through-paths for S-parameters to help matching up pins and utilize

the build in write leveling calculation to compensate for signal skews. In your post-layout verification

stage of your design, wutilize Keysightoéos accurate EM

Easier than using a 3" party tool kit, Key si ght 6 s accuracy and integrated A
passing design in the shortest amount of time.

PathWave ADS provides a cohesive workflow with electromagnetic (EM) extraction. Via Designer
creates accurate models for via arrays for pre-layout designs. SIPro extracts an entire memory
data bus at once with accurate crosstalk effects.
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