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Company Facts
< Founder:

_ Dipl. Ing. (FH) Hermann Ruckerbauer
< Founded:

. March 2009
< Location:

. ltzlinger Strasse 21a,
94469 Deggendorf (Bavaria), Germany

< Network partners In:
. Munich (Design, Layout, CAD)
. Straubing (EMV)
. Deggendorf (Lab)
\_ China (Shandong und Shaanxi): Oulong Consulting
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Hermann Ruckerbauer

Background
A

> Study of Micro System Technology at University of
Applied Sciences in Regensburg

. Dipl. Ing. (FH) Micro System Technology

< 15 Years experience in Memory Development and High
Speed Signaling
. Siemens: Bench and Production test
_ Infineon / Qimonda:

» High Speed Signaling KeySIth
» Application test AVAVATAVAL R R A
. Interface standard definition CERTIFIED
< Holder of many patents EXPERT

< EEE Publication: EDA SOFTWARE

_ Cascading Techniques for a High-Speed Memory Interface
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http://ieeexplore.ieee.org/xpl/articleDetails.jsp?reload=true&arnumber=4242351
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EKH
Services
—
Consulting for High Speed Signaling
Consulting for Memory Implementation
High speed Simulation and Measurement
Power Delivery Simulation
Model Generation
Measurements
. E. g. Logic Analyzer, Scope, TDR, VNA
< Failure Analysis
< PCB Design and Layout
< Layout and Design Reviews
< Pre-Compliance Measurements on Serial Links
. E.g.USB2/3/4, PCle 2/3/4, SATA; HDMI, ...
< Compliance Measurements on Memory Busses
. E.g. DDR2/3/4/5, LPDDR 2/3/4/5, GDDR3/5/6, ...
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EKH EXKXH
Cooperation Partners EYE KNOW How

< DKH - DesignKnowHow: Dr. Abdallah Bacha
. PCB Design and Layout
. RF Topics
< SinePulse: Md Sayfullah (www.sinepulse.com)
. IT services (India)
. Hardware development (e. g. FPGA)
< FH Deggendorf (www.th-deg.de/)
. Measurement Lab with VNA and TDR
. PCB X-section
< BitlfkEye
. Measurement Lab for high speed digital signals
< Rohde&Schwarz
. Automated VNA up to 110GHz
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EKH EXKXH
Cooperation Partners EYE KNOW How

< EMV - Testhaus ( www.emv-testhaus.de)
. EMI/ EMC compliance test
< PCB Manufacturing
o llfa ( www.ilfa.de)
. Elekonta Marek ( www.elekonta.de)
> Assembly
. Mair Electronics ( www.mair-elektronik.de)
. Beflex Electronic ( www.beflex.de)
> China Business (Peter Poechmueller)
. Oulong Consulting ( www.oulongconsulting.com)
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Happy Customers

< Bosch

< TQ — Systems 7[-)
> Kontron =
= Congatec

< Micron % kontron
< 3D-Plus

m congatec

the rhythm of embedded computing

i) BOSCH
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Software Tools

V 
< Keysight ADS (former Agilent)

. Time and Frequency domain simulation

. Analog and Digital Simulation

. 2.5D and 3D field solver

. Data evaluation (measurement and simulation)
< Power Delivery

. Cadence Power Sl (former Sigrity)

. Keysight ADS
< Design and Layout

. Cadence Allegro

. Mentor Hyperlinx/Pads
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Software Tools

< Offline Scope Software
. Keysight Infiniium Offline
. Teledyne MauiStudio
< S-Parameter post processing
. AtaiTec Corp. ADK, x2D, SI3D, and ISD
< EyeKnowHow internal Software
. ADS Data Evaluation: AC/DC Memory Eye Opening
. DDR Protocol Analysis
. Cadence to ADS (Layout to Schematic) conversion
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1) Memory System and Device KnowHow

2) Signal and Power Integrity Simulation

3) Signal and Power Integrity Simulation
4) 2.5D and 3D Modeling for e.g. PCB Layout and Vias

5) Measurement based Modeling

6) Compliance and Correlation Measurement

7) Physical Failure Analysis

8) Design and Layout Services

9) System Optimization

10) EMC / EMI Measurement and Consulting

11) Software and Hardware Products
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Memory System KnowHow

< Worked in the development of DDR1/DDR2 / DDR3/ DDR4
. Data and Command/Address bus architecture development
. Memory Device Specification

< Consumer, Mobile, Desktop and Server system
understanding

. Differences in requirements and boundary conditions
> System requirements

. Cache line size limitations

. Turnaround times, Bandwidth and latency

. Power limitations

< Clocking
. SSC, Random and Deterministic Jitter
< Controller functionality

. Controller PCI register features (e. g. Delay shift, Driver strength
digital timings)
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Memory Device KnowHow

=< Close interaction between System Architecture and
DRAM features

10 specification (e. g. Input capacitance, driver and
termination Imearlty)

. DLL functionality
. Memory Device Specification
< DRAM Core / architecture / process limitation
. Source for Latency
. ODOC package and impact on Architecture
. DRAM process and impact on speed and parasitics

< DRAM packaging

. Planar and stacked DRAM parasitics Single Die DRAM Package
. Wirebond and FCIP packaging ] Lot G Qi
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Signal Integrity Simulation

> Time Domain simulation

. Spice models (Lumped elements and BSIM Transistor
based)

. S-Parameter

L IBIS -
< Frequency Domain simulation -

. S-Parameter Model Generation

. Model Comparison

< Statistical Data Evaluation o

) : o _ Eye Diagram from
. Adding Random and Deterministic Jitter Channel Step Response

. Channel Characterization by Step Response
> Data Eye evaluation

\_ Setup/Hold Evaluation

. Timing Budget Calculation

EKH - EyeKnowHow \_ 15.01.2022 \_ 13
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HIGH SPEED SIMULATION AND MEASUREMENT

Signal Integrity Simulation
Schematic Example

Simulation target: DataDisplay
DDR4_DIMM_2R
Simulation target: DataSet
DDR4_DIMM_2R
2 R a k D I M M d I Simulation target: DataDisplay
Simul n ' I I O e Optimization_EKH
== Simulation target: DataSet
— T o _Example_for_ ADS_UG_Presentation
Final_Sim by ! Wit S, SR e i
StopTime- e —wm
MexTimast - =y = ASCII Export Equations
AN I ) = [ oeme_Patn_ana_fle_names
by i ——3 SimDescription="ADS_User_Sroup_Example”
il Sim_Name-"LeadinLengn"
@ A o 'E' Sweeo_yake=1d i i
s T e
e i -
e T onm L=l
v v
==k z e
LocPam="CriiCaten_FresAgent Arbelti StaEwal”
—E]" E. ouietagman T
1 - QuIPaM=EIrcat{OuIDIN . SMDescAplion, ")
F o 4 SRS S ERRtrD ExConNgFile="C {UserCata EKH20 1 OConfig
o - oo_R2 EnExecutanie="CiPo grams\Ext_Evalation exe”
TL_omin 1 R
su,u.i::‘,f:&mm
WiEw S on
Siiee S pEES
ol ’_ls —
= BE METLIST INCLUDE
{7
° H Netlistinclude1
= : IncludsPath=F/DetenEKH/ADS/AD'S_User_Group_Mesting/networks
S k IncludsFiles[1=MeasEqn_inc.net
‘ UsePreprocessor=no
FEE i
H— R e mutation Spiay.
_onmisnz
SinirS.en 0ms oA t0 2DpC_inner_v04_T
e o Path to Design Simulation target: DataSet
fLEn e st F\Daten\EKHWDS\ADS _User_Group_Meetinglnetworks\DDR4_DIMM_2R 2DpC_inner_v04_T
Eﬁ““f‘g’;ei‘:‘%‘;%’f:xe' Designer Design Name | Current Date and time | Design was last saved
S ubst Hermann Ruckerbauer@EyeKnowHow.de DDR4 DIMM 2R Aug 30,2010 Aug 30, 2010
+49 (0)9938 902083 o = 03:48 PM 03:15 PM
—
g
— Al Laminsts. — EEJI
e . i
o= \nd=0.023 T i s
Subst_Mobo o_MS=4.2 Subst_DIMM
Leminsts_Mobo [E=] Laminste Dt
H_EM_Mobo=55 um H_SM_DIMM=55 um
H_MS_Mcbo=75 um H_MS_DIMM=TS um ] Do Rl
T_MS_Mobo=45 um T_MS_DIMM=45 um —
H_SL_Msobo=100 um H_SL_DIMM=20 um =
T_SL_Mobo=20 um T_5L_DIMM=30 um I
H_cors_Mobo=800 um H_ocors_DIMM=750 um
o B
MS_Mobo_Values [=] M=_DiMM_vsiues PRES_Victim
W_MS_MchBri=125 um W_MS_DIMM=100 um Regs BrLength=28
5_MS_MchBr=125 um 5_MS_DIMM=300 um Viow=D0 V'
W_MS_LdIn=150 um Vhigh=1.2/
R SL_DIMM_Valuss BitRate=bilrste
W_SL_DIMM=W_Ldin_DIMM “Csse W_SL_DIMM RissTime=tr
] 5L_Moto_vaiues S_SL_DIMM=Moba_Pitch_Ldin- W _Ldin_Mcbo
W_SL_MchBri=WW_Brk_Mobo * Csss_W_SL_Mcbo
5 SL_MchBrc=125um
W_SL_Ldin=WW_Ldin Mobe * Case W_SL _WMobo
5 5L Ldin=400um -
Hemann Ruckerbauer Designer EYE KNOW How Path to Design |
- oi00 ooina @iooNminG oao I S FAD: DS_User_Group_ 2DpC_inner_v04_T
EKH - EyeKnowHow
Hemann.Ruckerbauer@EyeKnowHow.de o pormenn Ric exbauar Dasigeer Design Name cuncrmbal;gnzdotl‘r(v)n Doslgﬂ o uznm).v.a
+ - - H Ruckerb; EyeKnowHow. d ug 30, ug U,
49 (0)9938 902083 ’fér?g%wugomgm@ yeKnowHow.de 2DpC_inner_v04_T 03:44 PM 03:44 PM |
E——




Signal Integrity Simulation

Schematic Example
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Subcircuit Symbol

Hermann Ruckerbauver Designer
EKH - EyeKnowHow

Hermann Ruckerbauer@EyeknowHowde
+49 (0)8923 502083

Subcircuit Schematic

Eiaiii| |2egoda i (282 % 81
EERE I I :H: 133 ‘ i |3333:%¢s8 ‘
DRAM 1 Top DRAM 2 Top DRAM 3 Top DRAM 4 Top
I
L Path
O 6 Q ¢ 6 Q i) Q F\DaterEKH ADSADS_ Ussr_Group, Mestinginstwar s\ . DRAM 1 Bottom DRAM 2 Bottom_ DRAM 3 Botlom DRAM 4 Bottom
e c 4 s emeananaal||[HieSams e mn i g ERERERER ] N ERE R e i
o A T Design Name Current Date and time | Design was 8 0B 3% %318 83381383 g8 %158 %% §151113¢8
ol i bt meBhare
CA_Rotting Aug 30, 2010 Aug 30,
- - 07:06 PM 061
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Data Evaluation

DRAM Template Example
e

Alias $DS_Signalt: F:\Daten\EKH\ADS\Agilent_CA_Simulation_Momentum_prj\data\_CAS_coupled_schematic_incAggressords
| B Evaluated Signal1=$DS_Signal1..CA D2r top | EKH Eye Results Select Simulation Index
Tndepimes_Sigh) Times_Sigl )
[ r@sbps | Ulps | ald Windou 2342 n | MindexSig1
| 20000 | p— | valid Window End[1 2357n
E O - \-aQF}_/\é\&d&gﬂSlaﬁﬂﬂ 1g595§.5° RS ESRREENENENRN R R Rn ne e
ye Opening i . alid Window SN EOESEEaERREES
20 (+ACDC)in ps und % ISI[dEi] 1259p
] \SISElQSt[EI Hg‘ig Simulstion Index O
18 2025.04 81.00 191 347] £0a7
16+
e tRX_Minin ps und %
e . ADS Eye Resulfs
éﬂ 104 [ Eyveclose_Sigl | [ Eye_rise_ps_Sig1 |
s 084 ; 0.916 363.967
= 05 I181in ps und % | | | |
g 987 ‘ 125 94| 5_54‘ [ Eye_height Sigl_| [ Eye_fal_ps_Sigl_|
24 0g72 523,668
027 Overshoot and Peak
0.0
1 0330 1.470
B L A O B S S S B S S B I S R 1.080
5 2 8 8 8 8 £ b o= @ owm B R o= oB
(=1 2 o o o o o [=1 o o [=1 o o o o
o g -] h-] k-] o 3 3 3 3 3 3 3 3 3
m
2
Eye Crossing and Histogram
mSig1Eye mSigitrf
2 i ¥ 130 20
15 [ 160 15 |
16 140 15
1.4 i { o 1.4
g 12 120 5 1.2
g 10] " Fioo & = 0]
o 08 b lg £ 2 o8]
w B L = ? B
g 06— Lso E D'E_,
0.4 b 3 0.4
] Lao p
0.2 L 0.2
0.0 20 0o |
e R S o S o B O R i I e T
55 8588 24 :aa5 855 0! 0. 02 0 o 0. 0 0 o
5 B = ® ® = 5 5 5 5 5 5 5 5 5 time, usec
2
mSigiEye mSigitd
indeptmSigiEye)=1.375E-10|  |indep(mSigitM=1.262E-9 —
MarkerLing=2 timglvhgrker ine=2 Project Directory Default Dataset Name
. F\Daten\EKH\ADS Agilent_CA_Simulation_Momentum _prj _CAS_Exiracted_2Ghz_inclAggressor ds
Designer Hermann Ruckerbauer
) S— EEEK”EWHZW Design Name Current time Simulated
EMMann. uCKernauern YERNOoW R oW .ae .
\WWed Sep 01, 2010 16:18:26 Mon Jul 26, 2010 13:02:37
+49 (0)9938 902083 _CAS_coupled_schemaiic dsn P

EKH - EyeKnowHow \_ 15.01.2022 \_ 16



EXKXH

EYE KNOW HOwW

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Electro-Thermal simulation
—
> Electro-Thermal simulation simulation

considering thermal impact from devices and PCB
copper resistance

Temperature distribution
on a PCB with thermal
vias including device
power loss and copper
resistance power loss.

3
. “H
4 ” I
|
I
|
p 4y
|
I
|
Il
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Power Integrity Simulation

Impedance of Power Delivery
L dhahaiioing

< Simulate PDN (Power Delivery Network) Impedance
over Frequency

Negative Example

Positive Exam ple First Resonances @ 120 — 150 MHz
First Resonance @ 340MHz sonm UpP t0 3 Ohm
Only 0.25 Ohm Zh i -
Zl})ih ‘‘‘‘‘‘‘‘ VD SupplyImpedance g

Soomgf
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Power Delivery Simulation

< Electro-Thermal simulation considering thermal
Impact from devices and PCB copper resistance

Plane current density

IR Drop of power plane

\ \\\\\\ \\\\\\\\

Via current density

EKH - EyeKnowHovN 15.01.2022\



2.5D Modeling EXKXH
PCB Layout EYE KNow How
— T @ oo

> Cadence and Mentor to ADS Layout Transfer
> Simulation in Momentum

S

Result: S-Parameter Model

Co-Simulation with ADS time/frequency Domain Simulation
Signal- and Power Supply Integrity

Layout accurate Simulation

X-talk (intera- and inter layer)

Reflections

Losses 3 Coupled lines of a CA Bus on a DIMM

EKH - EyeKnowHow \_ 15.01.2022 \_ 20
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3D Modeling

Vias, Packages, Connectors

> ADS 3D Fieldsolver Momentum and EMDS

. Accurate Via Modeling Backplane Via
. Substrate Routing |

\_ Bondwires . ¥

. FBGA Package Balls " | :;

\_ Signal Traces | : g

. Power Planes -~ | ]

|
\
P

.H Viallto L16

. 16 coupled Bond Wires:
-~ Signal and Power

) EKH - EyeKnowHovN 15.01.2022\ 21
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Measurement based Modeling

VNA / TDR based
e
> Characterization of existing boards
. Measurement with VNA
. TDR/TDT Characterization up to 20 GHz BW

SMD Connector Capacitance

E;igggia: is enabled... \\
60 Ohm Routing—___ \
--§-~§§~““-~“£> e ————— ‘N——————~ - -
50 Ohm Cable \E NS — S \\j‘
. /“‘*—ﬂ N\ /.-":) k] k /’! %2 on
Pad Capacitance 1 7 "1ll .

fse
mean 57.522499 0 edian 57.843149 O ptle 77.4%
std dey 9493.497 mQ hits 31.86 khits pt20 94.5%
p-p S.65 0 peak 9.966 khits p3c 9297
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Material Parameter and Modeling

PCB Modeling

Flated-Through
Hole (PTH)

EXKXH
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HIGH SPEED SIMU ION AND MEASUREMENT

Microvia Buried ¥ia Capture Pad  Target Pad

>_ Required models for channel simulation:
Trace Models

Via Models

Package Models

Connector Models (see next page)

A

DS09A8-00093
Riser card Jet 5402

Cross section of PCB with blind and micro vias

B EKH - EyeKnowHoer 15.01.2022\7 23
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Measurement based Modeling

Testboard Design
= e

< Definition, Design and Layout of Characterization Boards

< Lumped Model Fitting Blue: Model -
Red: Measurement o
Testboard oG . \\\\_
5 Inserton =
; l = | l LOSS ’ Jncq.C-Hz" l :
:f:‘— /,,/"l |
FEXT &

NEXT 3
50 T ———T
0 2 b 8

neq Gz

ADS Model fitted
to Measurement

.__.
=
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Physical Failure analysis

—
> 3D CRT

EKH - EyeKnowHow \_ 15.01.2022 \_ 25
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PCB Characterization

< Automated Testsystem for PCB characterization
up to 110 GHz

. Fully automated to get highly
reproducible results

. In cooperation with
Rohde & Schwarz
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Material Parameter and Modeling

PCB Modeling
— 

< Losses on different PCB materials (MS)

0.0 S21 09-24-2004 06:57:821 09-24-2004 06:56:37
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/
/]

/

/)

/

= \\\

50 =~
75 -
5 ~

100 -+

125 i

0.0 2.5 50 /5 100 125 150 175 200
[GHZ]
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Pre-Compliance Tests

< High Speed Interfaces require verification by Compliance tests.

. Certified labs offer accredited compliance tests and are required to e.
g. use the official logos.

. Ifthe Logo is not required the alternative is a Pre-Compliance test
< Advantage of Pre-Compliance tests:
. Deliver not just Pass/Falil, but can be directly starting point of
debugging
. Cheaper as official tests at certified labs
. Often closer to your location as the next certified lab
< Avallable Testsetups:

N PCleGen1l1/2/3/4 (Equipment capable up to Genb)
. SATAGenl1/2/3

N USBGenl1l/2/3/4

. HDMI

. DVI

. Display Port
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Pre-Comliance test

Examples

< USB3 RX

Test Statistics

Failed
Passed
Total

Margin Thresholds
Warning <2 %

W <0

Jitter Tolerance

for USB SuperSpeed Hosts

10

1 -+

Sinusoidal Jitter [UI]

0,1 _—
0.1 1 10 100

Sinusoidal Jitter Frequency [MHz]

< PCle TX

Pass #Failed # Trials Test Name

0

o|le olecleocle ola|clle o|a

1
1
1
1

—B— Min Failed Jitter

—m— Max Passed Jitter

—B— Jitter Capability Test Setup

—— Min Spec

Actual Value Margin

System Board Tx, Unit Interval (PCIE2.0, 5.0 GT/s) 199.9940 ps
System Board Tx, Template Tests (PCEE 2.0, 5.0 GT/s) 0.000
System Board Tx, Peak Differential Output Voltage (PCIE 2.0, 5.0 GT/s) 6483 mV
System Board Tx, Eye-Width w ith crosstalk (PCIE2.0, 5.0 GT/s) 149.00 ps
System Board Tx, RMS Random Jitter w ith crosstalk (PCE 2.0, 5.0 GT/s) 2793 ps
System Board Tx, Maximum Deterministic Jitter w ith crosstalk (PCIE 2.0, 5.0 GT/s) 11.697 ps
System Board Tx, Total Jitter at BER-12 w ith crosstalk (PCE 2.0, 5.0 GT/s) 50.996 ps
System Board Tx, Eye-Width w ithout crosstalk (PCE 2.0, 5.0 GT/s) 14900 ps
System Board Tx, RMS Random Jitter w ithout crosstalk (PCIE2.0, 5.0 GT/s) 2793 ps
System Board Tx, Maximum Deterministic Jitter w ithout crosstalk (PCIE2.0, 5.0 GT/s) 11.697 ps
System Board Tx, Total Jtter at BER-12 w ithout crosstalk (PCIE2.0, 5.0 GT/s) 50.996 ps
Reference Clock, High frequency > 1.5MHz RMS Jitter (Common Clk) (PCIE 2.0, 5.0 GT/s) 221 ps

Reference Clock, Low frequency 10kHz - 1.5MHz RMS Jitter (Common Clk) (PCIE 2.0,

Reference Clock, High frequency > 1. 5MHz RMS Jitter (Data Ck) (PCIE2.0, 5.0 GT/s)

5.0 GT/s) 260 fs
254 ps

Reference Clock, Low frequency 10kHz - 1.5MHz RMS Jitter (Data Clk) (PCIE2.0, 5.0 GT/s) 340 fs

45.0 %
500 %
387 %
56.8 %
942 %
795 %
514 %
380 %
942 %
734 %
446 %
287 %
913 %
365 %
955 %

Pass Limits

199.9400 ps <= VALUE <=200.0600 ps
-500 m <= VALUE <= 500 m
300.0 mV <= VALUE <=1.2000 V
VALUE >=95.00 ps

VALUE <=48.000 ps

VALUE <=57.000 ps

VALUE <= 105.000 ps

VALUE >=108.00 ps

VALUE <=48.000 ps

VALUE <=44.000 ps.

VALUE <=92.000 ps

VALUE <=3.10 ps

VALUE <=3.00 ps

VALUE <=4.00 ps

VALUE <=7.50 ps

EYE KNOW HOW
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EXKXH

DFT Layout:
Test point placement
= PeeEE

< Dataeye @ 5.3Gb Measured vs. Simulated / Ball vs. Pad

Driver (e. g. Controller) Receiver (e. g. DRAM)

Measurement _—-Die Pad
Die Point
_ —_

Simulated @ pad Measurement @ via Simulated @ via

ODW (+-28m¥)inps und % tRY_Minnpsund%  R1_SHinps A Be il ceip Memre Cobme Ultes [ep SRS 3 ODW (+28mW) inps und % M4 Mininpsund % ROISnps
‘ Py ‘ p— H CEAREEA | & me 7 : [ s [ otas || tem | eres || 75
03 fg ]
1 r 02
02 1
4 —— % 1) 014
o 04— = i
g 1 £ oo
T 004 ! = IS
= 1 3 £ qgqd ™
5 0 \ :4 " 4a]
02 02
D 3 T -D' T | T | T | T I T I T I T | T | T
-0. ™ T T T 0.0000 20.00p 40.00p §0.00p 50.00p 100.0p 120.0p 140.0p 160.0p 150.0p
BB B B 2 B 3 B : 3 B _
=y & =1 =) = = = = - = = time
E 7 § 8 8§ 3 & & 5 & ¥ :
3 1],

97.0 mV/div 950 mvi/div | 49206 m\i/div 200 mv/div | Time:20.0 ps/div | Trig: Nomal E Eattem
2500.0 my l asﬂﬂﬂm\’ l aﬁmﬂ my l -2300mY Deiaz:ZUJGB? ns | my ock
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HIGH SPEED SIMULATION AND MEASUREMENT

Logic Analyzer

Digital Timing evaluation
A

> Spec compliant timings / Finding timing violations
< Digital Timing Settings / MRS setting

LR R E3t1A Ceae i) =R =2 SEEE

[ —--------- _---------_ = -----I
i @03z E7Hf AE00 (IZEQ |GIEA |BIEA ((BIZE | OIE | HBIE 25 5] JEBG |IZEQ |BIEA |BIE ((BIZE | OEIE | HEIE 425 1] JEQG |JEEE | 3FCF |G
ba: M A A A A f f £ £ E] E] E] a A A A A f i £ £ E] E] E] B B B B B i i £ £

. -_--------—---------—----I
gaan & | @ @ @ | | | | = = 0 | | | =

- 2 == o O | | == = | [ == @ =
o |/ [ | | - | /| | [/ /| | = | | | ||

oar

Aiz - -

ZesE'tB|EIIBIEIIEIIEIIEI|E|E|E|E||3|3|3|EI|EIIEIIEIIBIEI|B|E|E|E|E||3|3|3|B|B|B|B|B|B|B|E|E|E||

Zonk_Z[13 [ - = - S I B [ I =S - SO O | P [

TOEI B33 B33 e el B2 BB 24 M5 e M esE 623 B3 6B] ER2 BE3 6B B £Se €57 2R E® 33 3Sl BB B3Z R3] G623 BBY BEF  BER EER ETA ZFL 2 i3 A

Eel'll i i N = S SO OMAN s MA = - M SR to =S e ) N S T Gt = S SNt SR 43- M=l M T AN T =R 1 = I N 5 N ' s - ] L =Y D=1 b= B 1

EKH - EyeKnowHovNV 15.01.2022\7




EXKXH
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HIGH SPEED SIMULATION AND MEASUREMENT

Logic Analyzer
Statistical Command sequence evalu

—
> Statistical Access evaluation
< Performance/Power Optimization

Timings:
IAL=3 BL=4 RL=4 [TCCD=2 [TCK=3750 [TFAW=14 [TPDN=0 [TRAS=12 [TRC=16 [TRCD=4 [TRFC=54
TRP=4 |TRRD=3 [TRTP=2 [TRTW=2 [TWR=4 TWTR=2 |VDD=1800 |WIDTH=64 WL=3 |[XT=1

Command [Bank_00 [Bank_01 [Bank_02 [Bank_03 [Bank_04 [Bank_05 |Bank_06 [Bank_07 [Banks_All [TOTAL
_ _ RD 1289) 402 1180 3884 0 0 0 7 o] 6762
Name Min Max Name Min Max WR 1107 202 0 7 0 0 0 2 o] 1520
tRAS bank 0 12 2025 tRC bank 0 16 2150 nCT 5 a1 a1 20 0 ) 0 1 0 138
tRAS_bank_1 259 2025 tRC_bank_1 761 2158 RD AP 0 0 0 0 0 0 0 0 0 0
tRAS_bank_2 450 2020 tRC_bank_2 718 2182 WR AP 0 0l 0 0 0 0 0 0 0 0
tRAS_bank_3 1874 2030 tRC_bank_3 2032 2122 PRE 16 2 2 1 0 0 0 1 0 22
tRAS_bank_4 | - tRC_bank_4 | 5 PRE_A 0 0 0 0 0 0 0 0 30 30
tRAS bank 5 [ - tRC_bank_5 | - des 0 0 0 0 0 0 0 0 55843 55843
tRAS bank 6 | - tRC bank 6 [ - Inop 0 0 0 0 0 0 0 0 0 0
tRAS bank_7 573 573 tRC bank 7 [ L MRS 0 0 0 0 0 0 0 0 0 0
tRAS rank 12 2030 tRC rank 16 2182 REF 0 0 0 0 0 0 0 0 31 31
SRE 0 0 0 0 0 0 0 0 0 0
tRCD_bank_0 1 5 tRP_bank_0* 4 124 SRX 0] 0 0 0 0 0 0 0| 0 0
tRCD_bank_1 1 11 tRP_bank_1* 5 1763 PDE 0 0 0 0 0 0 0 0 0 0
tRCD_bank_2 1 6 tRP_bank_2* 5 268 PDX 0 0 0 0 0 0 0 0 0 0
tRCD_bank_3 1 10 tRP_bank_3* 5 142 PRE_I 0 0 0 0 0 0 0 0 0 0
tRCD bank 4 | N tRP bank 4* | N PDCONT 0 o) 0 0 0 0 0 0 0 0
tRCD bank 5 | N tRP_bank 5 - F BST 0 0 0 0 0 0 0 0 0 0
tRCD_bank_6 | C tRP_bank_6* |- F pPD 0 0 0 0 0 0 0 0 0 0
tRCD_bank_7 5 5 tRP_bank_7* 1089 1089
tRCD_rank 1 11 tRP_rank 4 1763
tRFC 55 55
tREFI 2072 2091
tRRD 3 2070
tCCD 2 77

EKH - EyeKnowHow \_ 15.01.2022 \_ 33



Failure Analysis

Software Memory test: Decodin
Sabandbhsldng

> Memory test failure Analysis

\

S S

Evaluate log files from Software Memory tests
Narrow down failure reason

DQ vs. CA related fall

Single DQ vs. DQS fall

Read vs. Write fall

Device vs. Signal integrity related fail

Vref Margin test implementation

Adjust VREF until fail and evaluate fail behavior

Timing Margin test implementation

EXKXH

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

Change Controller delays (DQS and CLK) until fail and evaluate fail behavior

12742808

12742822

FAILURE: possible bad address line at offset 0x00000000 =
pddress 0x099C0038

Fxpected value F663FFC7, Read value 099C0038

Re-Read:

FExpected value F663FFC7, Read value 099C0038
Expected value F663FFC7, Read value 099C0038
Expected value F663FFC7, Read value 099C0038
Expected value F663FFC7, Read value 099C0038

AILURE: possible bad address line at offset
0x018A5141 = address 0x062D4504

Re-Read:

Skipping to next test...

Expected value FOD2BAFB, Read value 8002BAFB

Expected value FOD2BAFB, Read value 8002BAFB
Expected value FOID2BAFB, Read value 8002BAFB
Expected value FOD2BAFB, Read value 8002BAFB
Expected value FOD2BAFB, Read value 8002BAFB

EKH - EyeKnowHovN 15.01.2022\ 34




5

EXKX

EYE KNOW HOwW

HIGH SPEED SIMULATION AND MEASUREMENT

Design and Layout
Xilinx FPGA based Test board

< DRAM Characterization Testboard

Ty g
iy T Ty 4

R R TN R R OTY

=T
ir'l—'l?l!llll_lu' ’l
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Layout and Design optimization

Example: Backplane 10G Spec
S T

EXKXH

EYE KNOW HOW
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> Simulate and measure Backplane e. g. 10G Base — KR

N

AN
N
N

Fitted Attenuation (FA)
Insertion Loss (IL)

Insertion Loss Deviation (ILD)
Insertion Loss to X-talk (ICR)

Insertion Loss [dB]

-80 T T T | T | T | T | T
0.000 2.50G 5.00G 7.50G 10.0G 125G 15.0G

Frequency [HZz]
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Physical optimization for
High speed Signaling
b

< Stackup Design S

EXKXH

EYE KNOW HOW

HIGH SPEED SIMULATION AND MEASUREMENT

. HDI proven and high speed Stackup [ WS

. High speed material | - Fracin

< Routing Design

Traditional 1080 Fabric NovaSpeed™1080 Fabric

4% Single End Impedance Variation Negligible

5.4% Negligible
Effective Dk Variation

Figure 4: Improved signal integrity and clock rate.

Presented at the
HyperTransport™ Technology Developers Conference
October 2007

Advanced Glass Reinforcement Technology for
Improved Signal Integrity
By
Russell Dudek, Compunetics, Inc.
Patricia Goldman & John Kuhn, Dielectric Solutions, LLC

I cond2 W

éDRILLﬁDS Eﬁ

FDRILLEPO W
H
b

:
ORI

< Via Design
. Optimize via to 100 Ohm

. Optimize connector pin field:
Via + BreakOut Routing
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EMI/EMC consulting

_—
> Interference Radiation Test

so | | I 1
x waertical
0 horizontal

n
o

[dBuV/m]

\|—‘

System Specification Limits
(e.g. for PC, Server) - 1 L]l

20

10

100C

° Frequency [MHZz]
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Data Evaluation

EKH ael DRAM Eye routines
e T

> ODW: Multi Signal open Data Window

> Multiple Eyes incl.
Timing Reference

1.5
F —]
& & § 10
= LT <L 7
8  °90° i
@ |q_) x x 7]
S5E QED 0.5
_loT 120
Dm0 ] =
"o T oE o .
-— — T ]
g o0=0 ’
O OI OI ]
(DI Cl}i G>J_\ a
Lﬁ W —

0.5
L L L L L L \
0.000 200.p 400.p 600.p 800.p 1.00n 1.20n 1.40

256
< tSetup line time. sec < tHold line
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HIGH SPEED SIMULATION AND MEASUREMENT

Examples with some Detalls:

EKH Eye visualization

< AC/DC based eye aperture < Flight time based timing
12 calculation
£ 1.0 — N\ 1'4_:
g 0.6- e
8 s o]
2 06 S3a3EE o]
o
[m] 0.4— 02
] < Eye Overlay ]
RO A S R A A A A R A
time e
< ISl at Vref
1.2
% 06 ]
=) 4
0 06—
O -
O 04-F
0.2
800.0p
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ComEXxpress EXKXH
Carrier Board Characterization EYE KNow How
== T e

< Unique Testboard for direct connection to high
speed traces on ComExpress Carrier board

> Simulated and optimized up to 20GHz
=< Improved Material

= All high speed lanes connected to SMA
=< De-embedding of Test Fixture possible
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Memory Interposer

for DRAM Compliance Testing
- e
> Available as Service or Product

. For DDR2/3/4/5, x4/x8/16, Planar or Stacked
. LPDDRA4/5 x32 (200 Ball package)

EyeKnowHow Interposer

Solder Pad for Embedded :
T: t DRAM _ i Neighbour
Scope Probe arge ‘/ SMD Resjstor Wing g DRAM
o — I X L T X ]
&l — ] — e k —
SMD Component 4\ SMD Component
Customer PCB

> High Performance, Low Parasitic’s
. Can be de-embedded

. Wing Design for flexible usage with maximum
DRAM size and minimum Board spacing

. High accurate embedded resistors
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