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Agenda

- Power-aware signal integrity (SI) in memory bus design and
analysis

* Modeling methodology for integrated core and power-aware
parallel bus system with Cadence-Sigrity tools

* Building an integrated core and power-aware parallel bus
system in Cadence-Sigrity tool environment

« Case study

— Avirtual reference design based on the Cadence DDRA4 IP test chip,
package, and PCB

— Simulation and measurement correlation
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Challenges to classic Sl tools

 As clock rate goes up and
design density increases,
memory design faces more
challenges
— Data rates increase

— Core voltage and I/O voltage
decrease

— Impact of power noise on signal
Increases

— Noise budget decreases

Sl tools need to provide
solutions to meet new
design requirements
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SSO/SSN impact on design

* Design problems caused by SSO
— False triggers due to power/ground level changes
— Reduced timing margin due to SSO induced skew
— Reduced voltage margin due to power/ground noise
— Slew rate variation
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DDRA4 technology demands

* Increasing data rates
 Shrinking design margin
* Decreasing power

e Introducing serial link
design methodologies
— JEDEC standard specifies
BER for data signals
* Design and analysis need
to consider core and
system at the same time

Jitter=129ps MmSIew—4 Vs

Overshoot

i ~——o07s

| l Undershoot

cadence



L

4 L s il </
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and power aware parallel bus system with
Cadence-Sigrity tools
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Core and power-aware parallel bus systems

« Core System = Power-Aware Parallel Bus
System

Package .
DECAPS \ / Package C4-Bumps
oCB DECAPS\
PACKAGE \3 / 0
= PACKAGE
% DIE ; 0 {
ace/ 19 ORE 10s &/ C5-Balls °
Il 7/
Sooopo o -.I1 o Q%
TOP
VDD 0
GND
OVDD 0 <
OTTOM Y
T/, BOTTOM
C OP OO 0 & GND-Via (@) 0000
'/ GND-Vi Q L~
» -Via :
(Core) OVDD-Via TOP
SVODVi
/\—u’ VDD-plane VD:D_@,a b\ o OVPDVI / VDD/OVDD-plane

%-w GND-plane \/ / " \ %Signal'wa Signal layer

” OVDD-plane “¥~OVDD-Via /<GND-Via GND-plane

AN
\/ BOTTOM / / BOTTOM

cOrépower Distribution Path for POWER-INTEGRITY (PI) /SIGNALS Switching through
power and ground references

cadence



Power-aware parallel bus

- PCB parallel bus consists of data and strobe signal nets and
power distribution network (PDN)

1st-byte lane of 2nd-byte lane of
« DATA (DQ<0>-DQ<7>) and  DATA (DQ<8>-DQ<15>) and
« STROBE (DQS_N<0> & DQS P<0>) -+ STROBE (DQS_N<1> & DQS_P<1>)

* PDNs consists of PWR and GND planes of PCB (packages)
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Core-system model

Core-Model IC-Package Model PCB Model Core-VRM-Model
Rcor971 Lccre_l Lcore72 Rcor972 Lr
e Rgrid I S-parameterJ_ C J_ “R“ v
model from b T r
<+> R-L-C model PowersSl Cyq F
-~ from XtractiM for PCB Rb -
Cechip for Core-PDN, § Ry Vad
Norton IC-Package with PCB 3L
Equivalent Core-PDN, DECAPS
Circuit w/wo Behavioral from the
Package | output impedance
DECAPS characteristic

Rqriar Cenip Values and current profile are critical for
optimizing power integrity performance of Core-PDN

* Minimizing transient voltage drop at the core is critical to
guarantee the specified core-operating frequency
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A model of power-aware parallel bus system
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Integrated core and power-aware parallel bus
system
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Efmcient modeling simulation and analysis process

for core and system

Build Block-level Model
of the Integrated Core&System in SystemSI

!

Generate Electrical Models for
[1] Parallel Bus + I0_PDN + Core_PDN

of PCB, using PowerSiI
[2] Parallel Bus + |IO_PDN + Core_PDN of
Packages, using XtractIM/PowerSI

[3] Power-aware Controller and Memory,

using T2B or SPICE
[4] VRM for Core-PDN and 10-PDN, using

R-L-C and DC-source
[5] Core (Norton Equivalent Circuit Model)

[6] Interconnect (as per JDEC spec)
[7] Termination circuit (Rt and Vt)

Using MCP Editor of SystemSl, Create
Additional Connecting Ports in the Connector
model for connecting Memory and
Termination blocks

Y

Assign Electrical Models to
[4] Controller [5] Memory [6] VRMs, and

[7] Memory Termination and [8] Core blocks

!

Connect Blocks of the Integrated
Core&System

v

Check Connectivity between blocks based on
the Frequency-dqmain simulation

L]

Y

Setup Parameters for time-domain
simulations of Integrated Core &System

Assign Electrical Models to
[1] PCB [2] Package and [3] Connector blocks,

Y

v

Run Time-domain Simulations for Power
and Signal Integrity performance evaluations

Using MCP Editor of SystemSl, Create Additional
Connecting Ports in the PCB model for
connecting Package, Connector and VRM blocks

of Core&;System

Analyze Simulation Results for Power and
Signal integrity performance of
Core&System: 2D waveforms and Reports
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Building an integrated core and power
aware parallel bus system
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Today’s parallel bus design needs new functions
for system level design and verification

. T(rja_ttditionally, all connections of sub-systems have to appear in topology
editor
. 'é'_r]!fe c?tmplexity of power-aware system makes setup and connection very
ifficu

Impossible/impractical to connect all EEli=ra= ,
sub-system representations, S- =
parameters and Spice circuits with many = s
ports, in a topology-editing-only = =
environment B
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Power-aware Sl: Cadence® Sigrity™ SystemSI™
technology

 An evolution from topology based environment and physical
layout
— Keeping the advantage of topology editing
— Providing a clear view of system connection

M M M M
Mem1 Mem?2 Mem?3 Mem4d

C

Controller PCB Terms

VRM
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Power-aware Sl: Cadence® Sigrity™ SystemSI™
technology (cont’)

 Hierarchical bus topologies
— As simple and direct as in topology environment for pre-layout

exploration
— As efficient and complete as in physical layout for sub-system
connections
+ Active O © : TR
" Chip; _T28B 3 ‘ o bt ‘ ’ el
- Package _~ T B3
PCB ~ XtractIM | I | .
el e o | — \
XCnteP‘If G ' 7 - ”: s
PowerS ’ o 1 \ o |
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SystemSI™ as the design platform

* Blocks represent each sub-system for the integrated core
and power-aware parallel bus system

 Built-in, application-specific blocks for
Controller

0 & > K, 1 fEF {0 &1 {5 =

Core_Nodel

Add blocks \

Memory1

C
Controller PCB DIMM_Routing

A
Mermory 2

femory2_Terminations
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Electrical model generation

ek k ok

| Cadence Design Systems, Inc. 2011

[IBIS wer] 5.0
[File name] ddr4d.ibs

[File Rew] 1.0

[Date] Thu Sep 5 08:59:40 2013

[Notes] For use with data-rates »= 1.2G the si1

[Component] DDR4
[Manufacturer] cadence

[Package]

| variable TYP min

B pkg 0.0 0.0 |
L_pkg 0.0H 0.0H |
C_pkg 0.0F .0F '
|

[Pin] signal_name model name

1 DQ ocd

4 power Power

5 gnd Gnd

C

Controller | leniproL Package

P
VRM_DIMM

PCB

"RM_uc

DIMM2 Memory2

firt oot
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e B, e LR SUNE -.“\-.‘-w
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Power-aware IBIS I/O models

 Power-aware |I/O buffer models for the controller and
memory devices are “must have” for time-domain SSN
simulations

- IBIS 5.0 standard provides power/ground current details
— Pre-driver current, crow-bar current, and on-die decap current information

— Simulation with IBIS 5.0 models is efficient and proven-
accurate

Sigrity™ T2B (transistor-to-behavioral) tool generates the
power-aware IBIS models in 5.0 standard
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Power-aware IBIS model generation using T2B™

tool
« Sigrity™ T2B™ model conversion utility tool can be used for

efficiently converting

SPICE-Transistor I/0O models to power-aware IBIS 1/O
models, standard v5.0

Start the T2B Tool I'ng SPICE to IBIS Conversion
v v
Load Input IBIS Model Perform IBIS Parser Check
v v
Prepare SPICE Netlist View IBIS Curves
! !
Set Simulation Options . IBIS Model Simulation Check
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Core model extraction using XciteP|™

Inputs

- LEF/DEF or GDS

+ Cadence technology file (ict) g5 T GDJS.lF ME
- XcitePI configuration file = o L,‘"‘!. wl i s B
Outputs I *ql “If |

« Core/ IO interconnect model
XcitePl - IOME

— SPICE netlist — |
« Model results Fertormance
- Power pin RL J J
— Power net capacitance - e
— Power net impedance i e %
- SignalnetRLC = -

Insertion loss
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Package model generation using Sigrity ™
XtractiM™ tool

« Package model
for core and
system can be
extracted using T
Sigrity ™ 8 =

IC-Package Layout file (.SPD)

> 2

XtractIM(XIM)

Broadband Single
XtraCtI M ™ t00| frequency —‘ frequency
extraction extraction
‘ L l
Optimization SPICE Sub-circuit _
over broadband (Single-stage IBIS-[Pin]
frequency Lumped RLC and
(DC-2 or 3 GH2z) circuit) [Package Model]
Multi-stage RLC
circuit with
Broadband
accuracy
|
|
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PCB model generation using Sigrity ™ PowerSI™
tool

S-parameter model of PCB contains couplings
between signals and power nets, with true return
path represented
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Connecting blocks in SystemS|™

* Blocks of core and power-aware parallel bus system are
connected through MCP (Model Connection Protocol)

Core_hodel

PKG_PDM_Core

tMemaryl _Terminations

1

Memory1

i

Controller REE

Dbl _Riouting
Pl
Memory2
= = Memory2_Terminstions

WiRh_4_Care WRM_4_1Cs
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LPDDR4 package-on-package

* Low-power parallel
designs in mobile
applications

— Controller die
— 12X12mm BGA
— Pin count = 216
— Memory package
— 12X12mm BGA
— Pin count = 216
— Bottom package

— 18X18mm BGA
— Pin count = 289
— 4 layers
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Package design in Allegro Package

Designer

ﬁ Allegro Package Designer L: LPDDR4_PKG.mcm Project: D:.../Dcon2015/Final_database

Lo & mesa)

File Edit View Add Display Setup Shape Logic Place FlowPlan Route Analyze Manufacture Reports Tools Help (édence
= = ~ A FLIF . oAby
N % 0 wax s P HEAQ Y RO Aw 082 74 ¢l

] Q
5% &

BENEERE s EES I

Options = X
Active Clazs and Subclass:
|Eonductor -
el -
Find £ - X
o Dezign Object Find Filter
b AlOn ] [AIOH ]
% Groups Bond wires
= Comps Shapes
— Synbols V| Voids/Cavities
Functions Cline zegs
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Visibility Do
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ab/c 4| |Starting new design... .
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Extracting package interconnects using Sigrity
XtractlM technology

‘}XtractIM - LPDDR4_PKG.ximx - [LPDDR4_PKG Layer View] _ = »®
& Workspace  Edit  View  Mede  Setup  JTools  Window  Help [ 5 d ence -5 E
=" RN | = W > o~ ] E[Ex‘tractorResult |'|t@ BEEiEE R e
JAlEnabled Nets) [~ @ =|lewl | [ + = M| |5 | F ke X aiv @ maE|H OB M E A ~| P | -
e e & @ E @..@@@EIEIG)@@@Q@@@
Workflow: KtractiM x Layer Selection X
Model Extraction SIEE )| signalos [m]
Manage Workspace  (A) _E (3| Signal04 =
Load Workspace g ‘| Signal3 ]
Load a Mew Different Layout _; g
p = || SignalsLo2 ’E‘
Package Setup @ cn_; E SignalsLo3 'i‘
Package Type: Flip-Chip 3 E SignalSBOTTOM E
+ Components #_E E Signal 1 E
+ Stackup E f| signaloz ]
+" Bumps E = =l
+ Solder Ball N .SUBCET LFPFDDR4 _FPRG__ LPDDR4 _PEG _NetEBase3SFPICE
v Mets 3 + EGR Cd BGL1 3!.15
Simulation Setup @ .::_; + BGL DS Beal }.'-'13
Module: Optimized Broadband E + B Gﬁ_K_l 7 B Gﬁl_ﬁc 28
Simulation Type: Net-Based E - -
Circuit Topology ,;,_; + B Gﬁ_ﬁg B Gﬁl_ﬁg 2
+" Frequency Range of Extraction _E + DI E_C E E Gﬁl_ﬂB 2 9
View/Export Results  (3) = + BGL EG
Summary 3 + DIE_32 BG&_Hll
SPICE Model E + DIE L7 BGL G5
S-parameter and Error @2 - -
Save Results 3 + oI E_I—‘LS BGA J G
Load Results ._E + DIE_CI BG&_Gll
Report N + DIE A3 BGA H10
Customize Workflow vl 3 + DIE F1 BEA Fl10
e —————————— T DIE E3 BEGA E11
O‘l‘tp“ | e DIE_F3 BGA_D10
il
[ M | Miscellaneous | Mesh - Errors | VariablesCheck | + DIE—D3 BG&_GIE}
Ver: 14.0.2.09041 (XtractIM) Q Mouse(mm): X: 10,343, Y: -9.866 O Ready + DIE_CE B G&_Fl 2
] I T [ e DIE_CB BG&_H_]_Q
+ DIE E2 EGA D12
+ DIE D2 BGA G10
+ BGA P9 EGALl RH1E
+ =T N - "mEnT1 TTA
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Simulating LPDDR4 design using Sigrity

¥4 File Edit  View Setup Tools Window  Help cadence
ystem echnology Srsme=se—eeor———
[ Workflow: SystemSI
| Paralte! Bus Analysis
Bus Setup ()
bt et eropece Building block topology
Edit Bus Models
Simulation Setup (~)
Set Timing Budget
Set Analysis Options
o : T
Simulation Results @ Controller PoP Memory1
Show Simulation Curves
I E B 113
Load IB15 Defining bus groups
P
Pin Mapping  Bus Definition | | Add | | Delete | VRM1
Bus Type Bus Group Timing Ref Edge Type Signal Names Clock
Data byet0 PAD_MEM DQS... BothEdges PAD_MEM_DAT... PAD_MEM C...
Data bytel PAD_MEM DQS... BothEdges PAD_MEM_DAT... PAD_MEM C...
Data byte2 PAD_MEM DQS... BothEdges PAD_MEM_DAT... PAD _MEM C...
Data byte3 PAD_MEM DQS... BothEdges PAD_MEM_DAT... PAD_MEM_C... —
| Timing Budget X |
pe: [.b.ddl:md |v| Edge Type: |BothEdges | Data Rate: Gbps  Clock Period: T = ns BitPeriod: UI = | 0.416667
Toller —Memory
5Fie:  [Ipddr4_controller.ibs | IBIS File: [ z91m_v5p0_xt.ibs |

npenent: |LPDDR4

| Component: | MT538256M54D2NH |

ng {(ns)

Transmit Setup: | 0,333333U1

Transmit Hold: | 0.33333301

—Receiving (ns)

Min Receive Setup: | 0.2501

Min Receive Hold: | 0, 2501

kew Budaet (ns)

Setup: | 0.0347221 |

Hold: | 0.0347221 |

Setting up timing budget
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Reporting measurements of a LPDDR4 design
using Sigrity SystemSlI technology

I—S[:: ecs - 2
Generate Report =
Spec Value Unit Usage
= CAMask Waveform Location: [pkg Fin |v| Measurement Range: | 0 | - | 2 | Cyce |+
=] Vref
vref_max 0.42 VDDCA  Veent CA —AC and DC Logic Input Levels
Wref_min 0.22 VDDCA  ¥Yeent CA Threshald: l | |
Vref_step 0.0040 VDDCA  ¥eent_CA *|LPDDR4{Class-1) v
vref_set_tol 0.0010 VDDCA  ¥Yeent_CA
2 Mask Single-Ended Signals (V) | Differential Sianals (V) |
e e i CA Mask Case # | Corner VIH{ac) min | VIL{ac) max | VIH{dc)min | VIL{dc) max @ VREF{dc) VDDCA
TcIvw 0.3 U1 CA Mask
Max tCK2CA uI tCK2CA 1 Typ on-the-fly on-the-fly  on-the-fly on-the-fly on-the-fly 1.5
Max tCAZCA U1 TCAZCA
Min YIHL_AC 210 my YIHL_AC
Min TcIPW 0.55 U1 TcIPW
Min SlewRate_Mask 1 Vjns Min SlewRate_Mask
Max SlewRate_Mask 7 Vins Max SlewRate Mask
Min SlewRate_AC_Swing 0.2 Vins Min SlewRate_AC_Swing
Max SlewRate_AC_Swing 9 Vins Max SlewRate AC_Swing
Defining eye masks
Specs
for Data and Addr  Meseurement Options
Spec Value Unit Usage [ 1
o DQMask Waveform Quality Eye Quality Timing DQ/CA Mask Delay
=] vref
Vref_max 0.42 VDDQ  Vcent_DQ Eye Trigger Period: Eye Aperture: |Trapezoid | Min Tac Width (%% of UI): | 50
Vref_min 0.22 VDDQ Ycent_DQ 9 H P
vref_step 0.0040 VODQ  Vcent_DQ Setup Derating Table: | | .. || open
vref set_tol 0.0010 VDDQ  Vcent DQ
= Mask Hold Derating Table: | | Open
vdIvw 140 my DQ Mask
D 2z i CHCE=s Derating Table Extrapolation: |jyegrest -
Max tDQS2DQ 800ps ut DQSIDQ
Max tDQ2DQ 30ps uI DQ2DQ
Min VIHL_AC 180 my VIHL_AC —HTML Header
Win TAIPW 0.45 ut TdIPW
Min SlewRate_Mask 1 Vjns  Min SlewRate_Mask Title: | LPDDR4 Measurement Report |
Max SlewRate_Mask 7 V/ns Max SlewRate Mask E .
Min SlewRate_AC_Swing 0.2 Vjns Min SlewRate_AC_Swing Sub-Title: | AddCmd Bus, 2.4Gbps |
Max SlewRate_AC_Swing 9 V/ns Max SlewRate AC_Swing Motes:
Default

Strobe Adjustment Resolution: UL

Pull Timing Budget

Generate Report

oK ” Cancel | Apply
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Generating measurement report for timing and
signal quality

I Set Timing Budget

| Set Analysis Options
- Check Signal Connectivity
Run Bus Simulation

Simulation Results =)

I Show Simulation Curves

| Browse Results

nent Report  (~)

leport
rort
surement Results

Generated by Cadence SystemSl, 15.0.a0.01051
January 19, 2015

Useful Links:

+ Cadence website: http://www.cadence.com

__%QJS)Tstem_SI-ﬁepaﬂ = _ 5 »
| File Edit View Setup Tools Window  Help cadenc
POEHEH 9 ~o RO o0 8 X allagaED e e S5 |
Waorkflow: SystemSl X || sa4Reportd - o x

| *'| Repona*|
| Bus Setup ) ¢
| Load a New/Existing Workspace LPDDR4 Measurement REPOI"t £

1— : Assign IBIS Models
o it Bus Models ) - Data Bus, 3.2Gbps, Write

_ Simulation Setup ®)

+ LPDDR4 SDRAM Specification: http://www.jedec.org/standards-documents/docs/jesd209-4

Table of Contents

1 General Information

ion v 2 Simulation Setup
| ¥ 2.1 Rank Definition
| A s A0 e 1o _at_ o a0 :
cFlow ¥ KB [ 1 | 3
== OO [V ] =[] Udta_u T
5B Data_Write Typ Ty| 5| : ~|le Quality Critel
O3 Tx Controller i |
3 R Memeryl 14 @ YYm—— ===
E3DiePad | 0 L
-[1C3 Power & liming Criteria
N ] 1o U
4 il » Time (ps) Timing Criteria
Loaded Curves r Delay Criteria L
«» Delay Criteria
Systemsl - PBAT]) @ Ready
— g—— e —— T = T — 1 —— 1 e T —=
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Signal quality reported by simulating the design
with channel analysis option

| Analysis Options

—Simulation Setup
|~" Ise Channel Simulator |

Simulator Selection  Simulation Co 4 P

Bus Type: : D Ideal Power

orner Direction
[Fast Write
T‘ﬂ:l D Fead

E]Shw
Active Rank: # of Ranks: H

Teld

Bed
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EEER
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2e9 4

Ted H

0.4 0.6
Bit Period (U

result\5\Data_Write_Typ_Typ\DiePad\Memoryl_DQ7_B\eye_jnber_

-18 4

Channel Report

Tue Jan 13 17:02:50 2015
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Case study: Simulation and measurement
correlation of a DDR4 design
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Topology

ek k ok

| Cadence Design Systems, Inc. 2011

[IBIS wer] 5.0
[File name] ddr4d.ibs

[File Rew] 1.0

[Date] Thu Sep 5 08:59:40 2013

[Notes] For use with data-rates »= 1.2G the si1

[Component] DDR4
[Manufacturer] cadence

[Package]

| variable TYP min

B pkg 0.0 0.0 |
L_pkg 0.0H 0.0H |
C_pkg 0.0F .0F '
|

[Pin] signal_name model name

1 DQ ocd

4 power Power

5 gnd Gnd

C

Controller

Ejphipnﬂl_

Package

P
VRM_DIMM

PCB

"RM_uc

DiMmM2

W UESMEEMER B ¢

[ e i A

Memory2
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Stimulus settings

Controller | Mer

—Stimulus Definition & Model Selection

DataRate:[2.133  |Gbps  Clock Period: T = [0.937647 ns  Bit Period: ns #ofBits:

Bus Group/Sig

—Stimulus Definition & Model Selection

Data Rate: | 2,133 Ghps

Controller  Memory |

Clock Perind: T = | 0.937647 ns

Bit Period: ns = of Bits:

¥ | Memary Blocks Share I0 Models

Bus Group/Signal

Receive IO Model

DQ_IN_ODT60_2133
DQ_IN_ODTE0_2133
DQ_IN_ODTE0_2133
DQ_IN_ODT60_2133
DQ_IN_ODT60_2133
DQ_IN_ODT60_2133
DQ_IN_ODT60_2133
DQ_IN_ODT60_2133
DQS_IN_ODT60_2133
DQS_IN_ODTS0_2133

fEdedie

Timing Ref
Timing Ref
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Distributed power network at controller

=-[ L history\a\1 Yoltage (V)

9 | Data_Write_Typ_Typ
E||_j Ts: Controller
E|I_.._I Die Pad

=-[Ca Power & Ground
..... . power(DQ0)
..... O gnd(0Qo)
..... . power(DQSM)
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..... A power(DQL)
..... OM gnd(pQ1) 1.2 TR ¥
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Power at the memory side (ripple +/- 0.02 V)

Yoltage V)

1.22 1

1.27 1

1.2 1

1.19 1

1.18 1

1.17 1

Time [ns)
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Mean
556 mV

Height
Sim Results

Eye

Eye height measurement

Widthi: Cye Dingram

W Wollage

526 mV

H/W Results

1.68%

5 %
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412 ps

Sim Results

Eye width measurement

403 ps

H/W Results
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Min

Data tDIPW measurement Max

473 ps 449 ps
- 453 ps

586 ps

Sim Results
H/W Results

sult within 5 %
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Strobe tDQSH/tDQSL measurement

470 ps

Sim Results

455 ps

H/W Results

5 %
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H/W Results
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Report generation settings

-
Report Generator

—AC and DC Logic Input Levels

Threshold: [my‘l‘hreshold

Single-Ended Signals {v):

| v| AC Threshald {mv): DC Threshold {mv):

Typ 0.27 -0.27 0.2 -0.2

Corner VIH{ac) min VIL{ac) max VIH{dc) min VIL{dc) max VREF(dc)

Tvp 0.935 0.665 0.935 0.665 0.8
Differential Signals {v):

Corner VIHdiff{ac) min VILdiff{ac) max VIHdifF{dc) min VILdiff{dc) max

—Measurement Optons

Wawveform Location: [Pkg Fin | .,| Measurement Range: |0

| - | | [cyee [~

—Measurement Types
Wawveform Quality Eye Quality Tlming Delay
Eye Trigger Period: [TlmingF'.Ef | v| Eye Aperture: [Tac,u"l'dc Rectangles | vl Min Tac Width (%% of UI):
Setup Derating Table: || | | | | Open |
Hold Derating Table: | | | | | Open |
Derating Table Extrapolation: |Nor1e | v|
I Generate Report I | Cancel
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tDVAC variation with cycle of a DQS net

.- BICa Pkg Pin
=T lanel

- [ Waveform Quality Criteria

=-[¥] Eye Quality Criteria
tVAC_high/tDVAC_high |

- CItVAC _low/tDVAC _low

- [ Vix_rise

[ Vix_fall

= Timing Criteria

-.[] SlewRate_TimingRef

Boics o s

. SlewRate_Hold

. C]tDsis

. ] tD5_delta/tI5_delta

.. C]tD5_adj/AIS_adj
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.. CJtDH/H

. [J tDH_delta/tIH_delta
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tDVAC Strobe report

Sim Results 367 ps 360 ps

H/W Results 347 ps 382.7 ps 343.10 ps

Bus Type: Data, Edge Type: BothEdges, Bus Group: lanel, Timing Ref: DOS_t-D0OS_c, Measurement Range: [2439.72ps, end]
Eye Diagram Pin EVAC high'tDVAC hich (p=) || tVAC low/iDVAC low (ps) Vix_rize (n

Doo c2 403.639 203.118 NA

Do1 E7 401.138 283.602 NA

Do2 D3 403334 273.492 NA

DQ3 o 402287 278333 NA

D4 D2 402.607 200.734 NA

DQ3 D3 400.973 287.822 NA

D& E3 402,034 28453 NA

DQ7 E7 402.854 287137 NA

All Sipnals NA NA NA

DQS t-DOS ¢ C3,B3 I] 367.733 360154 84.706
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Slew rate variation with cycle of a DQ net

-1l D25
|:|. DQé
-]l 07
|:|. DQ5.t
-l DQS5_c

3 Pkg Pin

-0 DpQ5tDQsc

- [ Waveform Quality Criteria
- [] Eye Quality Criteria

. CItVAC_high/tDVAC_high
- CJtVAC_low/tDVAC_low
- Vis_rise

- [ Vix_fall

= [ Timing Criteria

. [ SlewRate_TimingRef
SlewRate_Setup

. [] SlewRate_Hold

.. CJtDS/tIs

. C]tDS._delta/tls_delta

. C1tDS_adj/15_ad

. [1tD5_margin/tlS_margin
- CItDHAH

. CItDH_delta/tiH_delta

SlewRate (v/ns) Timing Criteria
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Slew rate report

Sim Results -3.13 V/ns -1.96 V/ns
H/W Results -2.32 Vins -2.81 V/ns -2.19 V/ns
Bus Type: Data, Edge Type: BothEdges, Bus Group: lanel, Timing Ref: DQS_t-D0OS_ ¢, Measurement Rang
R Signal [Min, Max] [Min, Max] .
SewRate TimingRef | SlewRate Sewp | | DM Mad
Waveform (Vins) (Vins) SlewRate Hold (Vins)
DQO c2 [5.40233, 6.20775] 023%202797) | 2328 I3063D
DOl B7 [5.40233, 6.20775] [206105,283201] | [2.21683, 2.93704]
DQ2 D3 [5.40253, 6.20775] [2.12613,2.71579] B67759.86004]
DQ3 D7 [5.40233, 6.20775] [20450,270162] | [2.1333,2.90077]
DO4 D2 [5.40233, 6.20775] [197432,2.88566] | [2.50374,2.97561]
DOS DS [40253,620175]  |{lo28sn82142] | [246365,291837]
DQ6 E3 [5.40253, 6.20775] [2.13529,266773] | [2.11598, 2.88237]
DQ7 E7 [5.40233, 6.20775] [2.19001,271038] | [2.24738, 2.8795]

Sim Results 2.92 V/ins 1.92 V/ns

H/W Results 1.86 V/ns 2.79 VIns 1.8 V/ns
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Conclusion

 DDR4 and LPDDR4 technologies pose new challenges to
parallel bus design and analysis
— Serial link design methods introduced to the design specification
— Lower power assumption requires dedicated margin tuning

- Combination of power-aware Sl simulation and channel
simulation is the only way to support these new technologies

» Cadence Sigrity ™ technology provides comprehensive
system level SI/PI solutions for core, package, and PCB

— Unique methodology of power-aware simulation for core and parallel
bus system

— Behavioral model (Chip and core power) generation and simulation
— Package and board model extraction

— Integration of patented channel simulation approach in parallel bus
analysis flow
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