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USB 3.1 Gen 1 vs. Gen 2 Overview
] eer | Gn2 |

Data rate 5Gb/s £300ppm 10Gb/s =300ppm
(SSC variations not accounted for) (SSC variations not accounted for)
Coding - 8b/10b - 128b/132b
— scrambler: G(X) =X+ X5+ X4+ X3+ 1 scrambler: G(X) = X8 + X2+ X6+ X8+ X5+ X2+ 1
scrambler reset by COM (K28.5) or BRST scrambler reset by SYNC OS
seed: FFFFh seed: 1D BFBCh

— Symbol lock: K28.5, some implementations might be able to
use K28.1or K28.7

Block alignment: SYNC OS + SDS OS and realignment through SKP OS

SKP K28.1, K28.1 SKPOS with variable number of SKPs
LFPS Device host capability negotiation is done during LFPS phase using LFPS
modulation schemes
CDR PLL transfer: PLL transfer:
— fays=10MHz — fays=15MHz
- peaking,,=2dB — peaking..,=2dB
HPF transfer: HPF transfer:
— fays=4.9MHz — fayg=T7.5MHz
— peaking = 0dB — peaking = 0dB
— damping factor =0.707 - damping factor =0.707
SSC — Modulation rate: 30kHz to 33kHz — Modulation rate: 30kHz to 33kHz
— Deviation: +0 to -4000(min)/-5000(max) — Deviation: +0 to -4000(min)/-5000(max)
- Max slew rate: 10ms/s — New df/dt requirement: 1250 (max) ppm/us instead of max slew rate
spec
De-emphasis Post: -3dB Pre:2.7dB
Post: -3.3dB
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LFPS - SCD1 & SCD2 - tRepeat Modulation

tPeriod

—
-

A

........................................................................................................................................................................................

i

tBurst

A =

A
Y
A

Y

tRepeatl tRepeat1

» tRepeatis modulated to express 0 (short) and 1 (long)
o SCDI1.LFPS (4 b0100),and SCD2.LFPS (4 b1101)

» SuperSpeed+ identity check
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LFPS - LBPM Encoding

tPeriod e
R T R
........................................................................ |
UL U AL
= tBurst0 g = tBurst1 >
= tRepeat gh tRepeat ~

— Rate (speed and lane) announcement and negotiation
— Repeater declaration
— Power state transition in repeater

— Can be expanded to:
«  VBus control on/off, overcurrent sensing
e Powerdelivery
« Vendor specific operation
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Repeater — Re-Driver - Re-Timer

° NeulHelium
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o

BB

Host Side Active Cable Assembly Device Side

Driver

— Alink can contain multiple repeaters

— Repeater devices can be of different types
* Re-timer
e Re-driver

— Repeaters are declared in LBPM

— A maximum of 10 elastic buffers could be involved in loopback
e more SKPOS required
e send5 SKPOS instead of 1 SKPOS every 22 blocks



128b/132b Coding

° NeulHelium
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4 bit header to avoid link reset problems from PCle 8G
0011 marks a data block and 1100 a command block

Same scrambler polynomial as PCle 8G:
G(X) =XZ+ XL+ X+ X8+ X0+ X2+ 1
Block header bypasses scrambler and does not advance scrambler

Command block scrambler rules
« TS1,TS2, TSEQ

«  SKP OS bypasses scrambler and does not advance scrambler
e SDS OS bypasses scrambler but advance scrambler

All blocks are 132b long except SKPOS which can be shorter or longer




SKPOS - gen?

— SKPOS: 2n *SKPs + SKPEND symbol + 3 symbols for LTSSM state; n =0to 18
« SKP.CCh
e SKPEND..33h

— SKPOS in average every 22 blocks
=» Thevariable length of SKPOS is challenging for BERT EDs
= No BERT system currently on the market is able to deal with this

— Remark:

— SKPOS rules might change to
e 4n*SKPs+ SKPEND symbol + 3 symbols for LTSSM state;n=1t0 9

« This would ensure that every receiver in the link has at least 4 SKPs for clock
compensation available
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Genl 5G Gen2 10G

T) after RX EQ 450muUl 394mUl

Rl s/ RJop ber=1E-12 12.1mUl / 177.9mUl 13.08mUl / 192.3mUl
S-]out of CDR tracking range 200mul 170mul

Channel channel -20.6dB @ 5GHz

= M8048A-001 12.8" + M8048A-002 14.4” is close.
Shorter traces are available on the M8048A-001 to
compensate for fixture and cable losses
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Jitter Tolerance Settings — Base Spec

« Center Data Rate with SSC: 9.975Gb/s « Center Data Rate with SSC: 4.9875Gb/s
e SSC: Center Spread 33kHz with 0.25% » SSC: Center Spread 33kHz with 0.25%
« Voltage Swing @ TP1: 800mV « Voltage Swing @ TP1: 750mV

e Pre-shoot @ TP1:2.7dB e De-Emphasis @TP1:-3.0dB

e De-Emphasis @TP1:-3.3dB * RJ:2.42psRMS

«  RJ:1.308ps RMS
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System View

[/ M80O70A

File Application System Clock Genera Analyzer Patterns Measurements Utiliti

Mod Edi

M1 Channel 1

M1.ClkGen

474 mV DATA OUT 1

Synthesizer M1.ClkGen
Source Internal -
teference Frec

Frequency
CDR [ On
Period

Sample

B

Frequency
m data

The System View provides a quick overview on stressor and output states
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Sequencer

M8070A

File Application System Clock Generator Analyzer Patterns Measurements Utilities Window Help

equence Edi

M1.DataOutl ence S - I Pattern N5990/LFPS
Symhnl| Data
n current:N: - | 3 4736
uence VFData

/mbol Width L

current: =
e Add 8b/10b Coding Configural 4800

VFDataOutSequence : Block 6
4832
- Block Data
current: LFPS_ChO_Bit Replicate: o =

Name A

Length 4896
M1.DataOutl Pa current: ) Cho_Bit Replical
@ M1.Data0ut1 o
8. _
CDR
- 4960
@ M1.DataOutl Pal current:! TS1_ChO_Bit Repli

4992
9.

M1.DataOut1 Pal current: 52_Cho_Bit Repli R N 7 "
@ M1.DataOut1 p: t 52_cho_Bit R Type 5024

10. current: N5990/LFPS_Ch0_Bit 5056

@ M1.DataOut1 P: 5T_ChO_Bit Replic Replical Bl 5088

ct Location
5120

& ck Se
current: opbackPG_Ch0_Bit Replic e 5152
CDR
Ma

Symbol: FrTE) O

Ready

Squelch is used on the outputs for a real electrical idle between LFPS bursts
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USB3.0-ECN015and ECN 018

ECN 015:
— Changed minimum SSC spread from -0.4% to -0.2%

— New SSC spec:
e +0% to min.-0.2% / max. -0.5%

— Compliance testing is done with 0.5% spread

ECN 018:

— Allows a-0.2% offset on data rate to be more wireless friendly
— Limits SSC deviation for wireless friendly data rate

— New data rate and SSC spec for wireless friendly use case:
o Datarateis 5Gb/s-0.2% =» 4.99Gb/s +/- 300ppm
e SSCfor4.99Gb/s is +0% to min -0.2% / max. -0.3%
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N5990A USB 3.0 Test Automation SW

NeulHelium
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= - T .
~ N5990A Test Automation Software Platform (=@ ® [ LoopbackTraining =& = |
File  Station  Sequencer Help
Training Method: _Warmﬂaset -
y » 4 | I ] n £, 7| = Last 24hours
Configure DUT ~ Load  Save | Start Abert Pause | Print Properties | Log List
=- M8 USB3 - SuperSpeed Device » j’l | =] Delay after
B Caibrction [ 10 e Resetms) LFPS Idle:
B De-Emphasis Calibration of raming Fal =
LF Sinusoidal Jitter Calibration e s 16 EI Number of LFPS M80204_Ide ~
HF Sinusoidal Jitter Calibration = ]E) S:e:l‘:‘mm 145 my -
Random Jitter Calibration ¥ N0 e 65536 2] Number of TSEQ
Eye Height Calibration . pem | S
Total Jitter Calibration - Frequency - : Iil s
Verfication Tests = HSpeFlﬁmhgm 26 ‘ZI Number of TS51s
Eye Height Margin 25mv

D Eye Height Verfication
~{C i Total Jitter Verfication

HOT DUT Debug

,jh Loopback Training Optimization

EIDﬂ Receiver
Dﬂ Receiver Compliance
[FI¥9Y Receiver Constant Parameter Stress Tests
Dﬂ Receiver Jitter Tolerance
Dﬂ Receiver Sensitivity
Dﬂ Receiver Data Rate Deviation
=] Dﬁ Transmitter

& e

LFPS Tests

- Dﬂ LFPS Peak-Peak Differential Output Voltage
B LFPS Period {tPeriod)

~JT1B3§ LFPS Burst Width #Burst)

Dﬂ LFPS Repeat Time Interval tRepeat)

B LFPS Rize Time

- [T1 8 LFPS Fall Time

~[C il LFPS Duty Cycle

m

& Sequencer
Procedure Error Case Behavior
Procedure Failed Case Behavior
Repetitions

Proceed With Next Procedure
Proceed With Next Procedure
0

Repetitions

Severity
Progress
Progress
Progress
Progress
Info

Info

Progress

Message

Instrument Connections

Opening enline connection to M3020A4 J-BERT at MBO70A
Opening offline connection ta DSO Infiniium Series at scope
Opening offline connection to U7243A at 192.168.0.104
59904 Test Automation Software Platform startup complete!
Loopback Training Optimization started

Loopback Training Optimization: Step 0

Date

4/21/2014 3:57:08 PM
4/21/2014 3:57:08 PM
4/21/2014 3:57:08 PM
4/21/2014 3:57:08 PM
4/21/2014 3:57:09 PM
4/21/2014 4:04:27 PM
4/21/2014 4:04:27 PM

Performing procedure step 0 of iteration 0, total step count is 0

R s> stion

Number of TS2s

Comma with
SKP

Voltage Settings
Use Volt. Settings

from Rx Tests
J-BERT SER Detector

CDR Loop-
Bandwidth:

‘COR Transition
Density:
CDR Peaking: |0. El dB

Trigger
[ Polarity Inverted ot

Threshold:

Status: Test not Running

Save parameters and
ose

Close |




SuperSpeed Receiver Tests

Jitter Tolerance
USE SuperSpeedHost

Rx Compliance 100
USB SuperSpeedHost
— Automated instrument
control for: -
- Setup calibration . E
« Compliance test e 3
« Characterization test
« Support for debugging | |
- Ope rator gU ida nce - O'EES_FEQUE“:Y [MHz] - ) - sinu:»:ni.d-a-l.i‘rtsr Frsqusn;-[MH:l B
— Sophisticated test
repo rts Ed Frequency| Failed Jitker | Pazzed Jitker
Result [MIHz] [ui [ui Min Epec [N | Eymbaol Errars
— Controls J-BERT, pass 0.500 2,00 2,000 0
' pass 2.000 .50 0500 i
— Supports full product characterization pass 4. 500 0.20 .20 0
- - - pass 10,000 0.20 0,200 0
including transmitter measurements - oo T e -
pass 33,000 0.20 0,200 0
pass 50,000 0.20 0,200 0
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Channel Add - LFPS Tests and USB 2.0 RX Tests

File Control Setup Trigger Measure Analyze Utilities Demos Help 5 Mar 2013 5:14 AM

#Avgs: 256

— Achannel add allows to create real
electrical idle signaling with very fast
transitions from data swing to 0 and vice

versa

— Channel add can be used to

« Testand characterize LFPS timing

'-~.-.-~.-|I§-.wwukqéwu bbb b sk

Test and characterize USB 2.0

recelvers "=

%]

- v (4) -p(2 V p-p(1)
Delet P-p
P Current 558.807 487.552 mv
Mean -- == 55 B B 407.794 mV
Min -- == 4 0 mv

*********** 416.280 mV 403.830 mV
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Instrument Setup for RX Testing

Expected RX Test Setup Without Accessories:
J-BERT M8020A with following options:

— C16-16GBERT (C08 - 8.5G BERT would be sufficient for USB 3.x 5G)
— 0G4 - De-emphasis
- 0G3 - Jitter Injection
—  0S1 - Clock Compensation for Error Detector (USB 3.x 5G supported with initial
release; support for USB 3.1 10G is scheduled for late summer 2014)
Useful Additional Options:

- 0G2 - Second Pattern Generator
for USB 2.0 Tests and USB 3.x LFPS Tests

- 0A3 - Error Detector CTLE

Control and Automation SW:
—  M8070A-0TP or M8070A - ONP — M8020A System SW
—  N5990A-010+N5990 - 102 USB 3.0 RX Test Automation
—  TBD-USB3.xLink Training Suite

Mainframe:
—  M8020A - BU2 - 5-slot AXle chassis with USB option

° NeulHelium

M= 3= AN T BE




Typical SuperSpeed Link

. . , Palling. . |
Paolling. FPolling. FPalling. FPolling.
. Confi -—— Loopback
LFPS RYEQ Active ] ’l = J >~ Idle J’ >L J

LFPS TSEQ T51 T52
handshake | transmitted received received

termination
detected

warmreset

R
Host Power-up Detect.
Reset
de-assert
DEVice ............... 1 - _-

! multiple states

if directed

— J-BERT" ssequence trigger can be used to trigger scope captures for each
trainings step = in combination with scope’ s protocol decode very helpful

for debugging a trainings sequence
e NeuHzlium
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File Control 4 Dec 2009 3:18 PM

Setup Trigger

Measure Analyze Utilities

EEEEEEN |

Symb0|s| Packets ! Detais | Bl Payload | Bl Header 10-

Index Time Memory 1: USB Packet Memory 2: USB Packet Seq... £~ Show Fields g

737 13.11855182 ps SKP Ordered Set Displav Format 5.

74000 13.47051677 s SKP Ordered Set

13.56953473 s [Data | | X

76 13.82248004 ps SKP Ordered Set [ Setup... |

772 13.83047878 ps XU

78000 14.17444214 ps SKP Ordered Set

7970 14.52640086 ps SKP Ordered Set _
Iﬂ B0 14.87836730 ps SKP Ordered Set v

< > Help

e [ & @10 ) K o O
lof 2 -
D‘zﬁte Real Time Analysis Mem 3.0 M of 200 M r_hla . Edge (1)

Capture Time 50.0 ps

InfiniiScan Off

° NeulHelium

M= 3= AN T BE




Loopback -1

BERT DUT
— BERT and DUT run in separate clock domains PG ggékbou
> > FF ’AI'
— DUT has to modify SKPOS for clock A i
compensation CDR

— Test pattern is modified = normal BER

|
[
. loopback

{—

comparison does no longer work

— Whatto do?

° NeulHelium
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Loopback -2

BERT DUT
— Modification is within SKPOS only PG gg“Lbﬂ" . v
g g T E
— BERT ED needs to filter SKPOS on expected as well A A
as received pattern and compare remaining bits COR

— Not available yet but will be available within
August / September 2014

. loopback

e | ——

— What if testing is required in the meantime?

° NeulHelium
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Loopback - Near End Loopback

BERT DUT

PG Syn!lbolf _\Y/_
> > FF p»-| Block Buffer : -

A Align\
A

CDR
CDR |- loopback
ED -/

- A

If chipset control is possible use near end loopback

s

— Near end loopback bypasses the clock compensation and both the DUT RX as well

as the DUT TX run in the BERT" s clock domain
— The DUT does not modify the pattern and normal BER comparison can be used

— BUT since the DUT uses the clock recovered by the RX to clock the TX jitter is
transferred back to the BERT ED. Choose BERT ED clocking with respect to DUT
jitter transfer characteristics

° NeulHelium
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