Keysight b

i Measurement TN
Forum ~ B

2016 QY

Jeong Tae-Jong

Board Design & Simulation with Recent Enhancements
EEsof ADS Signal and
Power Integrity

KEYSIGHT HARDWARE-+SOFTWARE-+PEOPLE=INSIGHTS



Agenda Super Speed USB with Type-C Connector

Motivation: Why Simulation?

Introduction of Super Speed USB Designs and Simulation

Technigues
Pre-Layout Study and Analysis
Channel Modeling, Simulation and Optimization

Post-Layout Analysis

* |R-Drop-, PDN-Impedance-, Power Plane Resonance- and

Power Aware Sl Analysis
Compliance Test, Design Guides and Utilities

Demo and Advanced Design Techniques

KEYSIGHT

TECHNOLOGIES

Keysight
Measurment
Forum

Page 2



Motivation: Why Simulation [1]

Channe

Simulation
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Motivation: Why Simulation [2]
TDR and Mixed Mode S-Parameter Simulation

Mixed Mode S-Parameter
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PCle_channel_6.Mask

Motivation: Why Simulation [3]

Optimization of the Channel traces (w, s), De-Emphasis and Matching
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Introduction: Super Speed USB
Difference between USB 3.0 and USB 3.1

Data Rate

Coding
Target
Channel

CDR

SSC

De-
emphasis
RX Ref EQ
Eye Height,
TJ
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USB 3.0
(Genl/SuperSpeed)

5 Gbh/s

8b/10b

3 meter (-17dB @ 2.5
GHz)

JTF BW 4.9Mhz
Slew rate test

Post: -3dB (Required)
CTLE

100mV, 132ps(.66Ul)

USB 3.1 (Gen2/SuperSpeed+)
10 Gb/s
128b/132b

1 meter (-20dB @ 5 GHz)

JTF BW 7.5Mhz

New df/dt requirement: 1250
(max) ppm/us

Pre: 2.7dB (Informative) / Post:
-3dB (Informative)

CTLE + 1 tap DFE

70mV, 71.3ps(.714U1)
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Challenge in HSD-Design - Physical Layer Constraints

Material Loss Interconnections il Matching il EMI/X-Talk Electrical Length
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USB 3.1 Type-C Example
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USB Type-C Pre-Layout Study using ADS
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Channel Simulation Technologies

Fast Channel Simulation — Ultra Low BER

Step response calculated
using short SPICE-like
transient simulation

1.0

Input

051

001,
04

T T
0.3
E u
& 02
o -
0.1

DD T T T T T

time, nsec

KEYSIGHT

TECHNOLOGIES

Bit by bit mode : Superposition of bits
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USB3.1 - Tx Source or IBIS-AMI

10 Gbps Channel Source
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USB3.1 Rx - Receiver Model or IBIS_AMI
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Pre-Layout Study USB Type-C Connector

S-Parameter - Connectors and 1 Meter Cable
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Pre-Layout Study USB Type-C >
TDR - Connectors and 1 Meter Cable
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Pre-Layout Study USB Type-C

Channel Simulation/Opt - Connector and Cable

CP9 GENERATION

EyeDiff_Probe
DE_Block :ia—ma”—mm EyeDiff_Probet
DC Block1 g3
iR | Rsoom: = N SR
AN 1} - 2 Eye_Probe_Eq
S T T
: AT 1T 1o _Bick L7
DI o " bRk DC:Block 1’# Re_Diff

Tx_DIf2 . * USB_spure_ Tel -
BifRate=10 Gbps X1

Sy . R=504

Viow=-1.0V =0 pA| A

EvyeDiff Probe1.Density

3T
RiséFallTime=0 pset : *%
Mode=Maximal Length LFSR Term_Dift i Pause Status
Excludel oad=yes . . Term_Oif3 | | USB_Load Optmi  Iteration 23/25 Elapsed time:3m44s - - - ——
= Load=100 Ohm X4 Edit algarithm...
= N oy - ptimization g
Co Co Co | CHF T fem D) .
Term_Di T Variables Goals
Load=1 3 esign...
) 5 variables StartTuning [+ Edit variables... 1 goal Error: 0.01 Edit goals...
States Error history
Store...
Recall...
OptimGoal1 = (Eye_Probe_Eq.Heigh
Error
Fpl 141411 GHz
R ————
*
Fr2 B A—
F 21 131,438 MHz
al *
ADS ‘ ]

Level1 1550m 187 .7 m
LevelD -1525m -1850m
Height 96 .00 m 166.0 m
Width 5800p 6450 p
JitterPP 4200 p 3550 p

|
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 a0 100 120 140 160 180 200

time, psec time, psec

Keysight

KEYSIG HT Measurment

TECHNOLOGIES Forum Page 15



3DEM Simulation - EMPro FEM/FDTD
USB Type-C Connector 3DEM Simulation
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Post-Layout Simulation using PIPro/SIPro in ADS
A Cohesive workflow for S| and PI

SIPro / PIPro Signal/Power Integrity Analysis
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I/O
ports

Post-Layout Simulation using PIPro/SIPro in ADS

Seamless flow from EM-analyses back into schematic for both Sl and Pl
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Why, Power Integrity Analysis

il / Sinks
IR Drop 12V "W__ i
AV = IR, “IR Drop” VRM :XJ HHH 1.189V
] L1F ¥
A al I Rail ; I
[aa L 0.002Vv
11 I HEEN
PDN Impedance “Ripple* DeCaps and Vias '
Optimization /ﬁ % DeCaps and Vias
. — B ST k :
V”pple L di/dt M{|i|i|i|i|i|i|i|i|i|i|i M= :
o | :
. /\J || srouapane |
Keysight
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Static IR Drop Analysis in the PDN —-DC Analysis

1. Add VRMs, Sinks
and configure

* Run a PI-DC analysis

* View analysis results and report p55 115

File Edit View Tools Help = [ x1
= S & Layout
g View
v [€] Components ® [APU_vDD A
~ [€] AMD_FP4_BGA965_A BG...

Siks Pins VRMs  Vias  Reports

>sPut el
> [€] CC_0402_10n_A_C_0402... | :
» [€] CC_0402_180p_A_C_0402...
» €] CC_0402_220n_A_C_0402...
» €] CC_0603_22u_A_C_0603...
> €] CT_7343-19_470u_A_CT7...
> [€] DMN3016_MLP6_A_MLP...
v [€] LIHLP3232DZ_0_33u_A_..

> P

» [€] RL0402_0_A_R_0402

L FEimonsan ann s noms

§IProfPIPro Setup
I E Analyses
v VDDCPU_AC
v == VRMs
» == APU_VDDCPU_RUN_L2
» == APU_VDDCPU_RUN_L3
v @ Sinks.
> @ APU_VDDCPU_RUN_U1
» P Nets
> E Component Models Z
. Opti
#= 2. Run Anal
> T Rest " u n n
» VGFX e z =

SIPro/PIPro Setup
[PI-DC] Analysis Report

Number of Failed Sinks = 1
Number of Failed VRMs = 0
Number of Violating Vias = 39

» [P VGFX PPR
> [P VDDCPU PPR

> [o¢] vDDCPU_DC
=

Ew 8 x
Y

Conductors | Soid | | Wireframe Hide
Didlectrics | Sold | | Wireframe Hide LX

Translucent View: I

Highicht Nets: P | JP J* I

SINKs
Name Source Current VRM Voltage Input Voltage Resistance Tolerance Margin  Pass/F:

APU_VDDGFX_RUN_U1 40.0 A L2v 112981V 0.0018 Ohm 5 % -0.01019 V fail

VRMs
Name Source Voltage Output Voltage Output Current Tolerance Margin Pass/ Fail
APU_VDDGFX_RUN_L4 1.2 V 12v -19.1581 A 1% 0.012Vpass &
APU_VDDGFX_RUN_LS 1.2V 12v 2084194 1% 0.012 ¥ pass &

-0.000834

1 Ground Planes

[VGFXZDCTvoltage (V)

1.16 1.16, z 1.17 1.18 1.18 1.19

View all
Power Planes

- - b

0.00368

0.0082 0.0127 0.0172

View all
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AC-PDN Impedance Analysis
Minimize the PDN-Impedance

— Reuse the DC-Setup

— Add Cap’s
* Run a PI-AC analysis

* View analysis results

LlE

PON Impedance

Component Models
A CAP 2 2uF + -10 SMC0D&03 511-500007 (... Ch C 1
e oose apamt_ors
P — from a Vendor Library
[# {}CZ& | JFie GRS T T T T — | - i
> > ces e T S me
p P an — — T —
b > o - e s | ¢ | et o
m No urata GRM15SREQVZZSKESS  GRM15 C Lumped 22uF
A CAP_Z2uF+_10_SMQ e CRSESAER oS & tmon
Clnts -‘EEECQ: P

GRM155C80J225KESS Impedance

10

100 l CT -
~

-
/
A

-

Impedance (ohm)
/
AN

~— ==
~_ SRF -

-~ .
-

=
A

il
Frequency (MHz)

I-
= Results

~| PDN Impedance

~ S-Parameters

Electric Field
Magnetic Field

m Current Density
Generate Test Bench...

@ Generate Sub Circuit...

S —
~\—i//
0.01 01 ESR 10 00 le+03 le+04 le+05
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Decap Optimization

C20 Decap, VRM Open C20 Decap, VRM Closed

e 8000
DS e 4000
| ﬂ
1.000 — /\ 1.000 — :
= | New PRF |
= |/ —
o, \ £ Vrm <> C20 J
< 100.0m— f U S 100.0m—
S S \‘r\
€ 2.2 uFof g \
10.00m— C20 ‘ / 10.00m— \ /
\ \ \ \
3 3 = = > 8 1.000m ‘ i ‘ i
S S S S S S S S 2 S s 8
S : ¢ & & i
freq, Hz = = < = < <
freq, Hz
_— 4
Optimization Cockpit = A
Statistical Analysis _——— . /—
e e . . Cao ek C0Pthnber Loses i
Sensitivity Analysis | S
i —
DOE | _—
- Keysight
KEYSIGHT Measurment
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Power Plane Resonance Analysis
Fast Way to find Hot Spots

Visualizing Hot spots at any Eigenfrequency

= |

Eigenfrequency

Frequendes

Figenfrequency [MHz] Q Value
1 2.77146 5.28995
2 5.39259 7.76259
3 5.96129 8.92676
4 6.81856 9.78677
5 764796 10,1772
6 7.64797 10.1773
7 8.76805 21.8558
8 9.4501 19.9252
9 9.76944 19.3142
an QTRGAS 102141

Correlation with AC analysis

Keysight
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S| Analysis

1. Drag and drop the
Signal and GND nets
to the Sl Analv3|s

File Edit View Tools Help
Project & X

& Layout
RPoOE® View

& VDDNB_UGATE W

& VDDNB_VSEN

& VDDP_ALW

& VDDP_ALW_PG

& VDDP_RUN

& VDDP_RUN_PG

& VDDP_VCTRL

" APU_UARTO_RXD

47 APU_UARTO_TXD

47 APU_UART1_RXD

I APU_UARTI_TXD

I AUX N

a7 AUX_P

IF AZ_BITCLK

IF AZ_ R BITCLK

dF CRT_DDC_CLK

B in e e

< >

SIPro/PIPro Setup 8 x|
v E Analyses "
A El Analysis 1
:] Ports
v Jr Nets

B Uso 55 wow |
gl U6 55 Rxi |
Bl U5 55 RXHD |
gl U5 55 RXHS |
g Usi_ss_Rxeo |
gl Usi.ss Ree1 |
g Use ss_repa |
f

Conductors  Solid Wireframe Hide
Dielectrics Solid Wireframe Hide

Transhucent View: I

Highlight Nets: [P J° J° &

KEYSIGHT

TECHNOLOGIES

Dlﬁerental 2- Dlﬁerentlal

Skew Analysis of (TN |
the Differential Line 2] |
Group delay USBD l‘.‘ §§§ _4_
v 520.0p — 8 §238 5
500.0p] 288 y oo ~
430.0p] oo, 282 19 |
460.0p BER Jz22 |
o 440.0p] 553 FEE8 4] |
= 420.0p 16+ |
400.0p] 18 T T T T 1
330.0p o 2 4 & 3 10
360.0p
] | GHz
EY A N N B B B freq (0. 0000Hz to 10.00GHz} "DD" =
1 2 3 4 5 6 7 & 9 10
freq, GHz O
2 -
Group delay USB1 e ] F\m
.. 600.0p RS ] kN
Too -5 4 SIS IN]
550.0p hon 5] Rk
500.0 252 10] b g
. Op mmm -10 P,
450.0p 5895 1] ot
g 40000 B85 4] -2
350.0p- -16
300.0p-{ [E R T
250.0p1 2 4 8 10
200.0p R A freq, GHz freq (0.0000Hz to 10.00GHZ)
freq, GHz M'Xed MOde
Group delay USB2 .
. 550.0p
500.0p]
E —— @—'_
45000 555 )
3 (R G 1G] =
a --14]1].1]|::'—E g|E|g| rI & B
350003 ot ] ==%8
300.0p3 / ]
B B o T B LA e e S T T 1T T
001 2 3 4 & 7T 8 8 10 ¢ ‘ - :
freg GHz
Gmur;e:élgy - freq (0.0000Hz to 10.00GHZ) "cp"
.. T0O0.0p
] o
800.0p]
500.0p HEE :
a ] ey g
? o0op] BAS, TgE
] Do S
300.0p3 33 n@a
q m %%H
| oo
200.0p L N L NN N N B 3
1 2 3 4 5 6 7 & 9 10
A
freq, GHz '\ 10

Asymmetry in USBO and USB2

cause a higher Mode Conversion

\Iyldlléls
freq, GHz

nothing (-1.000 to 1.000)
freq (0.0D00Hz to 10.00GHZ)
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Power Aware S|
Combined SI-PI Analysis

Setup

1. Extract Model in SIPro

2. Combine IBIS-Model
and extracted Model in
Schematic

Simulation —
Settings \
= s;:dsva‘;::zmo OPTIONS
Tran Mo_of_simBits=500 =
Tran_Sim [E] CalcSimContolParams1 gg:z:;

StarfTime=Data_Collection_Start
StopTime=Data_Collection_Stop

PRBS_DQO
WMode=User Defined
BitRate=DQ _BitRate Sim J’
Delay=0

B

o

|||-

1l

VRM

IBIS Modeled
FPGA (Ul) 5

V.DC  SRL
m_U4 vm U4 RL
Vdc=12 \R=0.005 Ohm

L=22uH

|

S S [C_J}tve_Probe
Ee-005
P

Eye Probe

RX
VCC1V2_FPGA UG0

IBIS |
DR4_DQ5 U8l S
/ -

IBIS Modeled
Memory (U60)

| VCC1V2_FPGA VRM

Sl

VRM (U24)

00

200 300

400 S0 600

hme. psec

730

F—|
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Compliance Test
Using Simulated Signal in Scope Software Infinilum Offline

Design Software meets Measurement

Keysight
Measurment
Forum

KEYSIGHT

TECHNOLOGIES
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EveDiff_Probei.Density

Compliance Test from Simulation including EM-Models
Simulated Signal is used in the Infiniium Offline+USB-Compliance App

» USB 3.1 Design Guide in ADS includes a wide range of Simulation Models
and a set of Full link Tx/Rx Channel Simulation setups, including I1BIS-AMI-
Model to run Compliance Tests

» The simulated signal is stored in a format which Infiniium can read

O J

[ O —

S N Y - I I g L f

'g:n(-mﬁ' : = 08 fam i f_‘;_l:c,-.:. H— U E} ; - L

sl b ool Tt = Infinilum Scope
TE | O T Offline Software

infiniium
SIGNAL FROM Tx . SIGNAL BEFORE Rx EQUALIZATION 0 SIGNALAFTER Rx EQUALIZATION Oscilloscope

ion: 05500006

wooew keysight com/find/oscilloscope
‘\‘l“l\‘\‘\\‘\

| ()

«Ap KEYSIGHT
TECHNOLOGIES

EyeDIff_Probe2.Density

T T T T
120

fo
time, psec
Keysight
KEYSIG HT Measurment
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©®(100v/ Joov

File Control Setup Display Trigger Measure Math |Analyze| Utilities Demos Help

Histogram...
~
Mask Test...

| Automated Test Apps

Measurement Analysis (EZJIT)...
Jitter/Noise (EZJIT Complete)...
RTEye/Clock Recovery (SDA)...

Equalization...

Tools Help

D& d b2 T I

USB 3.1 CTB: PHY Simulation to

Infiniium Offline and USB app on your PC

TECHNOLOGIES, | s

A~~~ @00V

¥ U7231B/U7231C DDR3 Test App
N6462A/N6462B DDR4 Test App
| U7243B USB3 Test App |

Compliance

infi niium
Oscilloscope

SW Version: 05500006

Intalzing e scope ame

pepee KEYSIGHT

stz
il
Initazing DSP system
Intaizing icensed apps

© Koy ecncioges 218

a-l Saved Waveform Setup

Test Pont

| SetUp ’ Device

3| [ il % Device

w " Host

" Hub-Upstream

" Hub-Downstream

W 106 I” s
Device ID:

Device 1

& Agilent
 USB-IF

Transfer Function
Load 5G InfiniiSim transfer function:

[V TxFarEnd(TP1) [ Debug Mode

Fixture Channel Settings

" Normal Channel
" MicroB

 TaskFlow _| SetUp |Select Tests | Configure | Connect | Run Tests | Automation | Resuits | Htmi Report |

Test Information
Reference Clock

C ssC

" Radio Friendly SSC
¢ Clean Clock
De-Emphasis Mode
G

-

Test Method

¥ USB-IF SigTest

¥ CTLEOn
Adc for USB3.1 (dB)

AUTO >

Test Report

User Comments.

[ransferFunctions\USB3_TX_Device_Channel tf4

External Instrument Setup

Inst Setup

™ Automate Extlins

[V STests  Follow instructions to describe your test environment

Connection: Far End Transmitter Eye

I

(5] | S

KEYSIGHT

TECHNOLOGIES

[\

Signal Type Signal Pattern ‘
(" Single ended " CP1/CPD &+ CPI0/CPY
{+ Differential " LFPS

Load CP10 differential signal waveform (= wim):

|_wrk"-J:Iata"-—.wavefanﬂs"-.FuII_IJnk_v\ffm wim Browse

Load CP10 D+ signal waveform (= wim):

|Hone

Load CP10 D- signal waveform (* wim):

|None

L

Load CP3 differential signal waveform (* wim):
|_wrk"-data"-.wauefonﬂs"-.FuII_IJnk_Mmle Browse

Load CP3 D+ signal waveform (*.wim):

|Hone

Load CP3 D- signal waveform (~wim):

Done

It

|Hane

A

Keysight
Measurment
Forum Page 28
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USB 3.1 CTB: PHY Simulation to Compliance

Run compliance tests and view results

View Tools  Help

FH| O | 2ee FHE| ETr Xk

Task Flow _| setup SelectTests |Cmﬁgure| Connect | Run Tests | Automation | Results | Heml Report | ToskFlow _|  setup | select Tests | Configure | Connect | RunTests | Automation Results l""’" Report |
Setlp E-[JO AlUSE3 Tests Setlp Test h TActual Vel | Mergn | Pass Limi
B-[JO 106G Test /' 10G Far End Random Xtter (CTLE ON) 160 mul 13.0%  VALUE <= 184mUl

106G Transmitter Low Frequency Periodic Signaling Tests /106 Far End Maximum Deterministic Xtter (CTLE ON) -Smut 100.9% VALUE <= 530 mUI
106 5CD and LBPS Tests ./ 10G Far End Total Jitter at BER-12 (CTLE ON) 1SSmUL 78.3%  VALUE <= 714mul
10G Transmitter S5C Tests Select Tests /' 10G Far End Template Test (CTLE ON) 0.000 100.0% VALUE = 0.000

10G eye measurement test / 10G Far End Di = -
10G Transmitter Eye Far End (TP1) Tests (USB-IF SigTest)(CTLE On)
210G Far End Random Jitter (CTLE ON) = —

| T -

) 10G Far End Maximum Deterministic Jitter (CTLE ON) Configure = H | ¥ NE T | & &
© 10G Far End Total Jitter at BER-12 (CTLE OM)
(o]

Select Tests

Configure

10G Far End Template Test (CTLE ON) Task Flow _| setup | SelectTests | Configure | Connect | Run Tests | Automation | Resuits ~Himl Report
10G Far End Differential Output Voltage (CTLE ON) o
Conmect Setup
Agilent Technologies
Run Tests

USB3.1 Test Report
Overall Result:

,+
L

Run Tests

Configure

Test: 10G Far End Random Jitter (CTLE ON)

Pass Limits: RJ <= 184mlUI -
Description: The purpose of this test is to verify that the measured random jitter, Rj measured at TP1is @
within the limits as specified in Table &-19 of the USB 3. 1 spedification.

Limit Set: USB 3.1 Specification version 1.0 _ AUTO
Reference: USB 3.1 Spedification, Rev 1.0, Section 6.7.3, Table 6-13 - _,—
o
5Tests |Check the test(s) you would like torun | Connection: UNKNOWN 4 T IReference Ciock " [Clean Clock
Deemphasis Mode 3548

0
[ TestSessionDetals
i Modelumber | 160
Anplication SW Version (200

Debuotodetsed o
[CastTestate. 1 [2015-01-22 10:53.20 UTC +05:30

Summary of Results

Test statistics
Failed| 0
Pas !ed,_S

il -

Keysight
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Summary

« Could I motivate you to use Simulation?

» [lllustrated an example of a Super Speed USB Design and
Simulation Techniques

* Pre-Layout Study and Analysis
« Channel Modeling, Simulation and Optimization
« Post-Layout Analysis

* |R-Drop-, PDN-Impedance-, Power Plane Resonance- and
Power Aware Sl Analysis

« Compliance Test, Design Guides and Utilities

Keysight
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Forum
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Thank you for your attendance!
Questions?

ADE Simulation
nelps!

=
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