m @SEAGATE

Flash Memory Summit

Using Simulations to Generate Relevant
PCB Constraints for Flash Systems

Alex Tain (Seagate)
Nitin Bhagwath (Mentor Graphics)

Flash Memory Summit 2017
Santa Clara, CA 1



m Agenda

Flash Memory Summit

« Seagate Background

* Problem Statement

 Solution

* Pre-layout and Checklist
« Sweep Manager

* Post-layout and Checklist

e Summary

Flash Memory Summit 2017
Santa Clara, CA



Flash Memory Summit

Flash Memory Summit 2017

Santa Clara, CA

Seagate Product Portfolio

Hyperscale
Traditional-IT
HPC

Laté/ncy

(%)
et
Q
X
[
[T
=

Density
Thermal “\ L Mission-Critical
i ! Storage Arrays Business-Critical
@ Service Servers Use_c Archival
8 = 3 ; ases
c Nytro™ PCle PCle M.2, 2.5
g Flash Accelerators I'E
= with SandForce™ ) _—
8 e SAS 2.5,1.8 E ,
(<] | ~
o 16K/10K 2.5 | \ % -
- £ L_ \ A
[} SSDs Perf. 3. 5 { e
= NL 2.5 EE I
T NL/Value 3.5 _ 9
Performance HDDs Kinetic3.5 ' hive 3.5

with TurboBoost™
Flash Caching Capacity HDDs

Archival HDO

Highest GB/$




F.'  Flash SSD Drive

Flash Memory Summit

> 0f Ll

A
el ™ 4 -':

TP IrYrTERATYTrISY L

FLASH

ASIC
Controller

FLASH : FLASH

: UTe g0

=
8

e g

FLASH : FLASH

a4

Flash Memory Summit 2017
Santa Clara, CA




I?ED Problem Statements

Flash Memory Summit

« Demand for higher capacity, more flash devices(16+
loads) per package

 Demand for higher speed, ONFI 4.0 @ 800MTS
« Challenging System Signal Integrity
« System failure without robust Signal Integrity
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I:'iﬂ Solution

Flash Memory Summit
Easy to use and flexible GUI topology
Hyperlynx 3DEM

Fast and accurate
Pre-layout & Post-layout
Hyperlynx ERC
HyperLynx PI. Thermal y

HyperLynx SI
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I?ED Pre-layout Simulation Checklist

Flash Memory Summit

What you will need:

v" Controller IBIS file (includes drive strength and terminations)
v Package stackup, via and trace length

v PCB stackup, via and trace length

v Memory EBD(Electrical Board Description) and IBIS files
(includes drive strength and terminations)
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Pre-layout

Flash Memory Summit

62.4 ohms
5.884 ps
0.039in

58.9 ohms
4.045ps;

58.9 ohms

62,4 ohms

588,350 fs 11.156/ps
ok 0.004 in 0.077in i 0.028in
o T P sacap, Sactp, Sacup,
agter = -
ONFlsALL °. y OP FLASH-CHB_DQ.. FLASH_CH6_DQ... FLASH GHB_DQ.. FLASH_CH6_DQ...
= 5884ps TL14 L4 V3 L5 v4 L6 Das 0_T
0.039in FLASH_CH6_DQS_P
Stackup FLASH_CH6_DQS.
Contr_Pkg
FLASH_CH6_DQ... 62.4 ohms 58.9 ohms 58.9 ohms
588.350 15 11156 ps 652, 4.045ps
0.004 in 0.077in 3664 in 0.028 in
Stackup Stackup Stackup Stackup
Contr_Pkg <master> <master> <master>
FLASH_CH5_DQ... FLASH_CH8_DQ FLASH_CH6_DQ.. FLASH_CH8_DQ..

C1.PAD 1145 Vo
M1.M10

63.5 ohms

ONFl4 AL  o843ps

PAD "

FLASH_CH6_DQ<7aoKuP 465 ohms 47.6 ohms

T R oo 635 ohms; 59.0 ohms BOTTOM Sanre
_CHG._ 26433015 263ps 36481n 9028in R
I in I in acku acku L
Stackup Stackup et el FLASH_CH6_DQ<7>

Contr_Pkg <master> FLASH_CH6_DQ FLASH_CH6_DQ...

\ FLASH_C@ \FLASH_CHG_DO.. /
Y Y
Memory

Flash Memory Summit 2017 Controller PCB
Santa Clara, CA PACKAGE PACKAGE




m System Sl Flow

Flash Memory Summit
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M Sweep Manager

Flash Memory Summit

We can vary the following parameters:
» Package trace length

« PCB trace length

* Drive strength

 ODT settings

Results:

 Validate timing pass ONFI standard
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Flash Memory Summit
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Sweep Manager

15 DDRx Batch-Mode Wizard - [FLASH_CH6_System_onfi4.pjh]

Specify Sweep Settings
Specify the Sweep

o

Ini #-TL7

L9
Length = 1.000 in, 2.250 in, 4500 in, 7.000 in, 8.000 in, 9.000 in, 10.00in
Width = 4.000 mils
#-TL10
#-TL15
#-TL16
=M Coupling regions
#- CouplingD0O01
#- Coupling0002
#- CouplingD003
=~ CouplingD004
Length = locked (interactively) to TL3 Length
TL2: Width of trace = 4.012 mils
TLE: Width of trace = 4.012 mils
Separation between TL2 and TL5 = 8.000 mils
#- CouplingD005
=M ODT Models
DT
Setting="0DT 1", "0DT 2","0ODT 3","0DT 4"
#- Stackup layers
#- Power supplies

Sweep Manager

Sweep simulations requested: 28

< Back ” Next > ”

Finish

H Cancel H

Help
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Pre-layout Results

Flash Memory Summit

Hyperlynx®

HyperLynx®

DDR Simulation Report - ONFI4_8dp_16pkg_Jul-6-2017_7h-54m DDR Simulation Report - ONFI4_8dp_16pkg_Jul-6-2017_7h-54m
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READ/WRITE passed up to 8 inches of PCB length(8 devices Load)
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m Post-layout Controller Package and PCB Checklist

Flash Memory Summit

Check Package Design for:

* Impedance, Insertion Loss

« Crosstalk in dB for DQ nets

« Trace Length skew between DQ and Strobe
Check PCB Design for:

* Impedance, Insertion Loss

« Crosstalk in dB for DQ nets

« Trace Length skew between DQ and Strobe
Check IBIS files for:

« Monotonic
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PCB(Trace length is around 4 inches)

Memory Package
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Post-layout Result

Flash Memory Summit
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READ/WRITE passed 4 inches of PCB length, confirming pre-layout simulations
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M Summary

Flash Memory Summit

* Use Pre-layout to determine electrical constraints

« Sweep parameters to find optimal solutions that pass ONFI
spec

« Layout the Package/PCB based on optimal solutions
« Use Post-layout to verify Pre-layout results

Flash Memory Summit 2017
Santa Clara, CA 16



F!

Flash Memory Summit

Flash Memory Summit 2017
Santa Clara, CA

THANK YOU

17



