Explore BERTScope’s Benefit In High Speed Serial
Data
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Agenda

= BERTScope In High Speed
Serial Data

= USB 3.0 Compliance Testing
= SATA Compliance Testing

= PCIE Rx & PLL Loop bandwidth
Testing

= One Stop Shopping for HSSD
from Tektronix
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BERTScope’s Applications In High Speed Serial Data

¢ SAS: 6, 12 Gb/s
J|FC: 8.5, 14 Gb/g

WAN

40G, 100G:
N x 10 Gbh/s
4 x 26 Gbl/s

11 Gb/s

Blade

s i S Storage
erver
Ce_ntral Backplane
Office
8.5 - 14 Gb/s
Cheap ﬁ:/lorrllputer
Ports — SFP+ Market

for FC, 10GbE

Different model for different
applications
e BSAS85C for USB3.0, SATA, PCIE,
Displayport...etc PC I0Os
e BSA125C/175C for 10GbE, SAS,
FC...etc server and storage
e BSA260C for 40/100GbE
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USB 3.0 Rx Compliance Testing
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USB 3.0
Receiver Test Flowchart

o

Create worst

casedgjigisal to
test the receiver
Only needs to be W G
performed once
per Setup B ot

Stressed Eye Calibration
' i' ' '

USB 3.0 Jitter Tolerance Mask

Test receiver

ith d i % S
with stressed eye | 3 | O
and added | & g
smusom_lal J!tter — =
(SJ) in Jitter _~" et
Tolerance S 1 ; ” @

tem plate sl Frequency (MHz) :'I%‘
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USB 3.0 Stressed Eye Calibration
Equipment Setup

L | Equipment T¢ Host Stressed Eye Calibration Setup

2 | Adjust RJ
I f r

3| Adjust SJ

4 Analyzer
_Measure TJ

5

Adj. Height

Stressed Eye Cal

: l
Pattern o ., o :
Generator  odt—r>ma; | |
';7/\ a i Reference Reference !
: I

i

S Calibrate
MustactasUSB |{___— . Cable \ | g | here

3.0 transmitter — |
compliant data S

~
patterns, SSC, S o g Anlzr  EQ < cal

de-emphasis, in R <§
addition to ~ PG > Channel 7 Adart

stressed eye S
L 4 y
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USB 3.0 Stressed Eye Calibration
Jitter and Eye Height

Stressed Eye Cal

j/Equipment

2 | Adjust RI

Anlzr EQ GL Adapt.

PG > Channel 7 S

Measure

Adj. Height

3| Adjust SJ E\
4
5

v’ Adjust RJ

2.42 +/- 10% ps-rms

N

Adjust SJ
All points on Jitter
Tolerance Template
(SJ amplitudes wi/in

+0/-10%)
\/ Measure TJ
Verify only*

Adjust Eye Height
128* mV +10/-0%
(at 10° BER)

* Recent changes
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USB 3.0
Receiver Test Flowchart

1] setup Equipment
2 Adjust RJ

v DON

Adjust SJ

Only needs to be |7

performed once
per setup

4 Measure TJ

5 Adjust Eye Height

Stressed EJe-ELlibration
w

USB 3.0 Jitter Tolerance Mask

Test receiver | s Q11 S :
: 3 etup Equipment
with stressed eye | |2 *- LY c 5 p EquIp
and added | | £ | \ o |2 L
sinusoidal jitter - O | Loopback Initiation
(SJ) in Jitter // B g ey
Tolerance : Lo £ = Jitter Tolerance
template -
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USB 3.0 Jitter Tolerance Testing

Equipment Setup

3 | 1 [Equpment * Host Jitter Tolerance Must be able to detect
8T, Test Setup errors for BER (bit error
= Loopback ratio) measurement ~
| 3 :
g : Jitt. Tol. a Error
2 Detector b
T T T T I
! ] I
Pattern s | ,
Generator  o— ] -
: 3 3m | (Testing 'l
'~ \ : Reference Reference i RX) I
S~ o - i Channel Cable ! I
~ N e EEEsEmssssmm==— I '
~ ~ '
~ - S o \ C ]
e ~ ED \g ‘
T~ o -] DUT ||
S~ o - PG > channel 7 RX
- J
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USB 3.0 Jitter Tolerance Testing
Loopback Initiation

8|14 Zampr— In loopback mode,
S , * d received bits get L Errors
< L | Loopback 5.¢ re-transmitted b
A ... get counted made at
£ L at the Error the Rx...
= Detector 7 /
— 1]
L \
Error Detector < | Tx
| = DUT
X
Pattern Generator
a | A series of handshakes
between the Pattern
Generator and DUT initiate
loopback
Notes: €

1.0nce in loopback, the DUT should not exit loopback unless directed
2.“Loopback BER”, where the DUT keeps track of its own BER, is not required for compliance testing
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USB 3.0 Jitter Tolerance Testing
Asynchronous BER Testing

& | 1vEquipment a | Clock compensation symbols (SKPs) are used to
5| 2 Log e * adjust for the differing clock frequencies in the received
= 3' data vs. the transmitter (common in 8b/10b systems)
o L= Jitt. Tol.
:"5;
ED must maintain sync in € Inserted SKPs
spite of non-deterministic (Recovered clock slower
f number of SKPs than local clock)

/ N \\
/ SK \ Local | ¢
= | Data | SKP SKP | SKP | Data | Clock

V P |
ED < | T DUT in
Loopback

|
PG > RX mode
pata | 5K | SK | pata | .. Recovered Clock
b | PG Clock P P = PG Clock c
/
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U
R

Jitter Tolerance

» CPO Counts errors | b
| pattern '\

ED <

SB 3.0
un Jitter Tolerance
1 Equipment St.r'és_s:ed'."."
Moopback eye *
| - a

o 0] but
= N
31 Jitt. Tol. 7& sJ N PG Channel

Test each point with
3x1010 bits. The DUT fails
If one or more errors is
found or if it loses bit lock.

L

(

C

USB 3.0 Jitter
Tolerance Mask

J Amplitude (U1}

\r

0.1 Y
0 1 10 100

S) Frequency (MHz)
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USB 3.0
BERTScope Instrumentation

Equipment

Stressed Eye

Loopback

Example — Rx Test
w

Jitter Tol.

BERTScope DPP (3 and 4 tap) for
compliant 3 dB de-emphasis

BERTScope CR 125A with Extended
Loop Bandwidth Option for compliant JTF

BERTScope 85C for integrated stressed
pattern generation (RJ, SJ, and SSC)
and BER analysis including jitter , eye

height , CTLE emulation, asynchronous

BER testing and automated Jitter
Tolerance testing.
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USB 3.0
Host DUT

1| Equipment* Ana/ED |€—0 -

3
|>—< , r DUT
Dli _IStressed Eye PG > Channel J
213 ] Loopback
—————
XL Jitter Tol. -
I
I f
! USB 3.0 Host DUT
To Error <:| ! & “PC}
Detector ) : “ﬂ‘ Expré%s ! s

1
1
1
1
1
1
1
L . I
L i | 1
L ,-::‘_ |1--| L 1
l * ;
_ Interf g.ﬂ.__ I
- l|. | 1
|xt re3b1 "'_‘";"3-' Card e 1 -
e --_1_": - .
— - SRR - n = d ¥ I
P P B '-"-::. i . . |
1
1
1
1
1
1
1
1
1
1
1
1
1

g
1 u-H i 5 :
- '1:-..!" 1..... L

From
Pattern

Generator
Type
% A Port
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USB 3.0 Stressed Eye Calibration
Jitter

7 TVEquipmem J For Stressed Eye Calibration , we need to inject jitter from the
= PG and measure jitter in the Analyzer
x| 2 — 1L a
| © Stressed Eye%
o| 3 : [P | SRS ) (S0m)
= Loopback Jitter Map tool ' o @A
Stress Control
g 4I Jitter Tol. performs BER- e 53.75 R
L based Jitter [FiT ps i
D e CO m p O S Itl O n AR RJ av ndam ; 7] Deterministic
. Al 2 59 e ._ ps Jitter
and quickly .\ ps-rms
measures to depths \:E/B”?m DD, ot Depencen:
lower than 10® e |
h UDD \ Eﬂcﬁg 6
Stressed EI:I‘ESS_EDrll:rD_l S| (NS sivae S i.n,t £ il EU: Cycle
Pattern —
Pattern Len: =y 4tni| T1 BER Depth: B:Q_‘}’Eﬂg Elapsed Time: 00:00;19
Generator e o
control shows  arel 0,0 el . d ‘ b
RJ and SJ Freq: 50.00 MHz ' </ cal )
injection RANDOM c |Anlzr EQ ['<——— Adapt<§

Amp

TE A S pere

10MHz - 1GHz

PG = Channel

7 Adapt.
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USB 3.0 Stressed Eye Calibration

Eye Height
n |1 ;
ks y Equment* i&Anlzr EQ <—C61I Adapt.<§
x| 2
@ [ ° Stressed Eye
- PG > Channel 7 Adapt
2 Loopback
S|4
= Jitter Tol.
I
n Analyze
a | vertical slice
b A 4 through eye
Eye height should be : Start BER LOES Reference
- = . Bits Aut ' USER-SHIFT
measured at 107° depth o Tt ; i
— the BERTScope | h | [ C e L.
quickly measures N>,
deeper than this R 1D%eye; AN
1e-10 --L-operllnan_-L-
Mean 26 my | . : Mean 33 my
18154 Sigma 3.2 mv _[FeRma---1 7 iR Sigma 3.2 mv l
20 10 i 1 20 El
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USB 3.0 Stressed Eye
CTLE Equalization Emulation

2 1? Equipment [ v/k cal
< Anlzr | EQ T8 — Adapt.<§ a
x| 2
@ L °_Stressed Eyei,\ﬁ7 )
|13 PG > Channel 7 Adapt.
21° ] Loopback C d
Ela
< Jitter Tol.
I
N
b Averaged
waveforms show
only data

dependent effects,

shown on CP3

|

Ciarzor

Ready | Cusary? | ooioo:dd

from previous slides

oooo; 12

e |1. Measure difference in eye height and jitter
2. Subtract from measured eye height and TJ

v,
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USB 3.0
Final Stressed Eye

7 |

§ JEqument Anlzr EQ | <—2—— Adapt.<§

X

x Adapt.

i3 VeI BL] | G 15| Chamnel /7 A% Final Stressed Eye
' - L00phack Shown on CP3
© 4 1 1 EYE | Eye 1 2

iy Jitter Tol. -

Stress Control
Arnpl 15:0 %L1
Freq: 1000 MHz

Arnpl: 170 %LT .
10MHz - 1GHz 0

Stressed Eye SEeE
1 1 P .; B ‘
Calibration only needs e (:
to be performed once

per setup = sy L oiwen oo T

2 ﬁ%ﬂ i i Center | 4tips

o _ S Pl
(Setup is different for = ieE A | Sl IO Nl K

Hosts and Devi CeS) w:_Ge;: User 4,987.50 Mbit/s | Det; User 4,987.50 Mbitfs

1
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USB 3.0
Loopback Initiation

*JSTJ/E ; 4 —
l“—x’ S Equipment BERTScope | @ ED <= 1y o
o E

| :ggtressed ye Pattern

2|3 Generator

g Control \

in

Use flexible two-page pattern
memory to flip between loopback
Initiation sequence and test data
pattern

Patterns available at
www.bertscope.com

Tektron}x@



USB 3.0

Loopback Confirmation

1
1\VEquipment

ﬁétressed Eye

Confirm that the

_| Loopback *

Jitter Tol.

Example — Rx Test

to get ED in sync

p | Enable Symbol Filtering

DUT is in loopback

6

ED  G— TX
DUT
PG ﬁ RX
l{\z}l_.!_r’

1 ’G!%‘.‘ R )

SDDOGDOMbit,I's ;
%BW euuuMHz
Peaking: 2.09 dB

Inject an Error from
the Generator

Protocol: LR d = =
PCIo Switch . — [[Bits | 112,419,607,316
Select up to Leeileiinad BitSF"tefed 832,480 !
S pors Sl
ep-  [keer] [kemar] || [ oames_ . Watch the
- f
RO+  [Kzsl+]| [kzsl-| | | ] | l Errors

Ok | Cancel

User 4,987.50 Mbitfs Det: User 4,996.48 Mbitfs e |Nncrement | n

the Detector
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U

SB 3.0

Jitter Tolerance Test

Example — Rx Test

1
1I\VEquipment

2gétressed Eye

39 Loopback
4| =
| Jitter Tol. *

Test 3x1010 bits

for each test point

Use stressed eye
plus calibrated
SJ amplitudes

ED

N

PG

> Channel %

——]

- DUT

~

Jitter Tolerance Margin

CBER Fail &Moo Syrc 4CLK Err @DAT Err @Pass

1,000% A

100%: 4

10%

1.00%;

(e T |

mm= Test for compliance

HEEe 100.00

1,000% -

100 %5

10% 1

1.00%

Jitter TDIerance| Search

CRER Fail &No Sync #CLK Err #DAT Err @Pass |

1.0

1"'I""" | 100,00
I Use Search mode to

find device limits
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USB 3.0
Automation software (Coming Soon)

. . Edit Tolerance Test Results E]_IE|EJ
U S B 3 : O AUtO m atl O n S Oftware .. .Te:f:lig-du:Eiani'ﬁ'am_pli;—.?] EndMode  [BisEras | N
«Automated stressed eye calibration o LS —

i
.Fast automated recelver testl ng Base 5l | 0. Algorithim FromB attom J
T T Precision | 03] Relax Ram  [Off ]
*Easy loopback initiation ST
sDatabase back-end for fast report generation || ==
Templ %L Test ZU| Statuz Abtribuite Bits # Add
| 04
1 100 100 Paszzed Mone 1.04
L E: (Passed | None 104
Recejver Tolerance Test 43 |20 |20 |Passed | None |1.04
- 10 20 20 Paszed Mone 11.04
Execute Jitter Tolerance Test = B e ERT
: 0 = B (Passed | None 104
MHE l;fflilnlplate 1;:3’-;""9 Bits CEatie zn an | Pacead : Mene 14 ga e
m 200% 200 1048010 Passed premm—
1 | 100% | 100% [1.04010 |Passed
1 1 1 1 ch © Temgl | - ¥ 4 Load
2 |50% |50% [1.04010 |Passed AENENENEY =
— — P - b e Jitler Tolerance Margin
1 20% L 20% 1 1.042010 | Passed * [T ral Ak e #OE T oAt Oh BraE |
| | | | i i
20% 20% 1048010 | Passed m
20% 20% |1.042010 | Passed - R
[ 20% {201 11.04e010 lpassed | BEL [ kA i
| LD

SO0 COCNCCBCIE BIIE. DAN LDG GO K00

i 1__:_ %: S \.:::

Completed ll.ai-: T LOCEAD St Ta Bass o Thr=s 00007

3t
'I'I'_‘.i-.aa'WJJWE-.lU_’I!&.lTEE M . Bedss Ta D e
Faeare: kT 1T T TR ATE

4| Ger: Les & 0A7 Sk Mt ikee ST MR || PER TLOCESON

< Back ” Mext = J[ Cancel ]




SATA Rx Compliance Testing
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SATA
Frame Error Count

-
1. Monitor FEC with a
protocol analyzer
) @ to check CRC etc.
rSATA receiver > ~N Compare
HESIng SeUUes Kise 2. Grab a reference i - =

of Frame Error

Count
L
¥ 1 'BMW Wtrt a1
=T ERUIE0EN
— Farisen ot
i
[
tector? Eﬁ’iﬂ
oy 1
¥
Help on User Patter
0110011001 1001 1001 Loo1esti{12E) ..
2110011001 1001 10011001
01100110011001 10011001 ahift
01100110011001 10011001
D1 1001 1001 1001 1001 L00T, ey s 295

2110011001 1001 1001 100] sty
SLLIOOL1a01 10011001 100110071 100110
211001 10011001 1001 1001 1001100110

frame & count
number of
resynchronizations

Grab
Reference
I.EIEETEH RESLILTS

Bits ' 67,499,362,688
0

0,00E+00 |

Pesyncs EJ
ElapsedTime = 00:00:23
Error Free 1.47E+10, 00:00:05

{ Methods 1 & 2 are accepted as equivalent.
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SATA
Grab Mode (Running Disparity)

DATA  DATA
DATA  DATA
| - 3 -

£0010101010101010101010101110110
P0111 10101010101010101
[01110] ALIGN 10000100011011011
1101000010001101101111010000 1000
1000110110111101
1101000010001101
1101101111010000
f 0000100011011011

SI00001000110110111101

1n-c-c:-11-:11 1101000010001101
10111 auen 8801101101111010000
10001 I0TI0TIT1010000100011011011

11010000100011011011110100001000
11011] ALGN S201000110110111101
DO001000110110111101000010001101

e W DE}10111101000010001101101111010000
Allows visibility of sources of errors, or highlights 10001[ Alien  §8110010101101001010

: : ta i 11010070101101001010110100101011
abnormal behavior, rather than just giving a blind KR Y R 8010101 1010010101101
number. Hp0101| _ Auch  §801101001010110100

Db10101101001010110100101011010010

10110100101011010010101101001010
11 ALIGH lﬂlﬂllﬂlﬂﬂlﬂlﬂll
CRC P

\ o EOF — : )

Capture by Length...
Capture by Triggers
Capture by Length when Triggered..

ol ]




SATA
Testing Decision Circuit

g N e = 101001011100 D L
“Analog” input waveform ‘::, Receiver |:} FIFO C"} @

¢ \ ~
TIMM @M@ M [ Receiver T

Circuit

—} 101001011100

Count mistakes
{h{leasure FEC?

Ll - Resyncs 8|
Testing uses an incoming waveform that is o
impaired in timing (jitter) and amplitude. I
3] A
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SATA
Testing CDR

Dats matching Local

x

P

Clock

Frequency
F

b
-0.5%

/\\SS.C//\\ Frequency

Clock

j

Sl |

VCO Tracking

Range

|

| | I_ 101001011100 Clock Domain
“Analog” input waveform I::} Receiver :; FIFO |::) @
Receiver
Decision =) 101001011100
! Y e .. Circuit

; Count mistakes

(Measure FEC)

CDR Resyncs. 8| |

Testing uses an incoming SSC

waveform, looks for mistakes

when lock is lost.
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SATA

Testing FIFO (+-350ppm timing offset)

-

0 I N

“Analog” input waveform

Receiver I

Data matching Local

Clock Domain g

101001011100

-

FIFO

( =

Rates Match I

~
Local Clock Domain

g

[ )

, Clock domain of incoming data @

|2$ﬂnwﬂs/_;’f'
i

Incoming Rate Faster I

|zﬁﬁnmﬂ5/;f
i

Incoming Rate Slower

Discard Afigns fo reduce number of bits

i)/

>0 [256 D words //
A i

Insert Aligns o increase number of bifs

ot |Eﬁﬁﬂm‘dﬁ{/ |A.|Ign|.4}.ign|2550wﬁ'tt::‘,7

L |




SATA
Compliance and beyond

Receiver Testing:

1.
2.

3.

Generate stressed framed COMP pattern
Received pattern retimed and looped back
to output of transmitter

If clock domains differ between

Decision

a. | Circuit I—I
+[ FIFDJ FIFO &

Receiver

received signal and system
clock, aligns inserted. [

Tracking
Pattern +
Stress

Increase impairments, mistakes
detected in CRC etc. at FEC detector

Align insertion If
Receiver/ Transmitter

Gives basic Compliance FEC . rate mismatch
No information about where failures Detect 4=
occurred, or individual margins (—etector

(Protocol Analyzer

or Grab & Resync)

Rx Impairments !

~
Test| a {Added Jitter
oSt = Added Amplitude Closure
Frequency Offset (350ppm)
Test [ {ssc Profile

R

v

Test Mode Loopback

Beyond Compliance — margin testing

1. By keeping clock domains the same,
can stop aligns being added and see
the effect of different stress types.

2. Can analyze margin in different parts of
the receiver.

AGINALWIEREA



PCIE Rx Compliance testing

All information in these slides are based on the PCI-
Express draft 0.71

Tektronljx@



I PCIl Express
Agenda

= PCle Gen3 Receiver Testing
— Stressed Voltage Eye
— Stressed Jitter Eye

= Speed and Equalization Auto-Negotiation
= PLL Loop Bandwidth Testing
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I PCle Gen3
Receiver Testing

= Split up into testing with two types of stressed eye
1. Stressed Voltage Eye

2. Stressed Jitter Eye

Tektron}x@



PCIE Gen3
Stressed Voltage Eye Calibration

DPP125A
Pre-Emphasis 2 | Channel

Both at 10-12 BER

= CoesTmmmmm - 1
| 20 dB, 12 dB, -25dB IL at 4 GHz :
| | A
i 1 ' ™ Ir ______
I I ! | | |
1 8 Gb PRBS 1 Combiner 1 Calibration |7 [\ Replica b Test
: Generator : : i7) Channel I —| Channel | Equipment
Ljressed 4 FTHY X Tl e s 1o
Pattern i F-_-----Y--" ----------- Tuwu“rl.g Y =
|
Generator : 7 : : Post processing scripts: : DPO/DSA71604B
Rj 5j Diff CM | ) * Rx pkg model
: Source || Source noise | [noise | | : » Behavioral CTLE/DFE | |
I I " - Behavioral COR :
! /EH adjust | ] lTP:zP :
m——— - ’ l i| 3 | Analyzer
I EH: depends on calibration channel 1
BERTScope | 0.30 Ul <= EW <= 0.36 U !
1 |
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PCIE Gen3 Stressed Voltage Eye
Stressed Pattern Generation

Pre-emphasis presets and
DPP125A coefficient space supported by
Pre_EmphasiS BERTSCOpe DPP125A

S *I? Tx Eq

1
. |
Pl
8 Gh PRBS [
Generator —:—
|
1
L

Built-in compliant Random and
Sinusoidal Jitter — supports 2.5, 5,
and 8 GT/s PCle

&

Sinusoidal Interference (for

""""""" DM/CM Interference) available

externally for combining after pre-
emphasis

Tektronljx@



PCIE Gen3 Stressed Voltage
Analyzer

Eye

Test

CTLE, DFE, and Package Model
emulation with SDLA Software
Option

L
4 Equipment
4

—————— ]

Fbc: pkg r'r'r&del

Eehawﬂral COR -

Compliant Jitter Transfer Function

H: depends on calibration channel

I
I
1
I
1
I
TP2P :
1
I
1
I
[

oth at 10-12 BER

[
[

1 E

I 0.30 Ul<= EW <= 0.35 Ul
I B

[
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PCIE Gen3 Stressed Voltage Eye

Channel

[20 4B, 12 B, 25 B ILat4 GHz |

1 A

I 1 1 1

E Calibration \F::é ] Replica X

Channel =~ | Channel

: : ! !

3 channel lengths = L TR s TP

3 different stressed eyes

Breakout + Short  Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
102 1482 ' ' | | 1 25:+1dB@4CHz
40+ 1dB—g=f | | | '
65+15dB—F | o ! |
D 10 | 1 12:2dB @4 GHz
& 15 BERTScope ISI Board
-0 1 201208 @4CHz For Calibration Channel
25 T TTT T 17T T TTT T T TT T T T TTTT1
1.0 15 2.0 25 3.0 KR 4.0
Frequency (GHz)
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PCIE Gen3
Stressed Voltage Test

100 MHz Refclk

Stressed Voltage Eye applied to
DUT

DUT placed in Loopback for

e

|

BER Test

N
Receiver Loopback
H" i

BERTScope performs BER test.

BERTScope with
Clock Recovery

CR125A

Tektron}x@



PCIE Gen3
Stressed Jitter Eye Calibration

DPP125A

Pre-Emphasis stressed Pattern Generator BERTScope

. |SI| Board

Tx Eq *
EH adjust | "
: L/ ! >» Channel r-------
I I I'Tﬁ. ______ TII'_"I' '''''' !
8 Gb PRES |- Long Calibration - 1V Replica 18] Test
: Generator ::ti.u.l Gn%hanlng? o ﬂ:;% Drzpnlﬁl ; Equipe;ent
1 |Stressed | — | f .
Pattern ] TR [ ________TEE__r________. | -
Generator : = bl - : : Post Eurggesfinr%msﬁglpts: :DPO/DSA71604B

! Soutce || Source : 1 < Bohaviorsl ETLEDFE=

: I ! - Behavioral CDR I

] /EWadjust : ] TE2p !

WAL iy oyl VO !

I EH between 25 and 35 mvPP I 3 Analyzer
| EW =0.30 Ul I
1 Bothat 10-12 BER :
o o o o e e e iy -
BERTScope
Pre-emphasis, Calibration :
Post processin
RJ, and SJ Channel P &

Similar requirements as the Stressed Voltage Eye

Tektron}x@



PCIE Gen3 Stressed Jitter Test

Jitter Tolerance

Stressed Jitter Eye applied‘
to DUT

DUT placed in Loopback ‘
for Jitter Tolerance Test

100 MHz Refclk

|

BERTScope performs
Jitter Tolerance Test

BERTScope
> BER < 10-12 P
—l- EERTSor S—
Receiver Loophack
Under Test
Jitter 0.03 MHz 100 MHz
Tolerance | Sj Sweep Range v
| -
late ; , |
& 1.0 Ul—f----- - 20 dB
T | , Decade |
B | | , S
T 04 Ul —fomme e :
| | R
~ 3.0 ps RMS —-—- -~ = m -] ;
T |
001 MHz 0.1MHz 1.0 MHz

I
10 MHz 100 MHz 1000 MHz

Automated Jitter Tolerance Test on the BERTScope,
with Search Mode to find device limits

Tektron}x@



Summary of BERTScope Rx Test Capabilities
for PCle Gen3

= BERTSscope Stressed Pattern Generation
v Random Jitter
v" Sinusoidal Jitter
v Pre-emphasis (DPP125A)
v Differential Mode Interference
v Common Mode Interference
v" Calibration Channel (I1SI Board)

BERTScope
BSA85C

= BERTScope Error Detection PDPPLZoA
v" Clock Recovery (CR125A)
v Automated Jitter Tolerance Test o
. CR125A
v BER testing
= The BERTScope Family of Products

- B BSA12500IS]
provides the stresses needed for PCle

Gen3 with unrivaled ease of use, so
engineers can quickly debug issues and

find device margins _
Tektron}x@



I Summary of BERTScope Rx Test Capabilities
for PCle Gen3 (Continued)

= QOscilloscope (for Stressed Eye
Calibration)
v CTLE
v DFE
v Behavioral package emulation

v" Clock Recovery for Compliant Jitter
Transfer Function

|y I . . . .. -
i 2 = .- =
= = Y

DPO/DSA71604B

= The Tektonix DPO/DSA71604B provides compliant embeddi ng
of the Receiver equalization for accurate measurements as
would be seen at the latch of the Receiver, providing the right
feedback to the BERTScope Stressed Pattern Generator
during Stressed Eye Calibration
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I PCIE Gen3
Agenda

= PCle Gen3 Receiver Testing
— Stressed Voltage Eye
— Stressed Jitter Eye

= Speed and Equalization Auto-Negotiation
= PLL Loop Bandwidth Testing
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I PCIE Gen3
Speed and Equalization Auto-Negotiation

= Devices must start up at 2.5 GT/s and negotiate up to 8 GT/s

= In PCle Gen3, Receivers are expected to:
1. Optimize their own equalization

2. Adjust the Transmitter’'s pre-emphasis settings via back-channel
communication

» Device equalization optimization algorithm will be k ey to PCI-
Express Gen3 success, and we are here to help you test
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I PCIE Gen3
Speed and Equalization Auto-Negotiation with the BERTScope

Initial State or

= Use the BERTScope for R&D e A
testing of new Gen3 devices i =
— Fixed data patterns can | Detect
perform the speed /\@[L
negotiation to 8 GT/s and |~
allow the user to check \\Pﬂ""”‘a
(manually) their DUT’s \ Y
equalization optimization &,,@
routine \ | Configuration
— With a fixed pattern, can get M
devices into Loopback for \ __I
Receiver testing of early R&D Gy ./ LD\
Silicon L L2 ?HHU
( Y /\ >,
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PCIE Gen3
Transmitter Pre-emphasis

= The DPP125A supports the allowable
pre-emphasis settings (table below
from draft 0.71)

= The colored fields in the table are the
“pre-sets” which are easily loaded from
factory created configuration files

Min Reduced Swing Limit
I

PS5 DE Ci E
BOOST| V24 1124 224 24 4124 | 24 624 7124 824
24| 00 00|00 08|00 16|00 25|00 35|00 47[00 60|00 75|00 55
- 0.0 0.8 1.6 235 - 47 6.0 Th -
24|08 00|08 08|08 -1.7(10 28|12 -39[13 5316 -EB|19 _.&B
0. . 2.5 -~ 35 47 6.0 76 =83

>ma| 16, 00 |17 09|19 19| 22 31|25 44|28 60|35 80
1.6 =35 47 6.0 76 __|.--95
c, 24|25, DO 28 AT| 37 2235 S35[41 ET[45 0

25 .-=d5 . 6.0 76 [.--95
35 80| 30 12|44 25|51 41|60 60
424 | oog “47 6.0 76 |.--45

coa| 47, 00|53 13|60 28|70 49
S 47 B0 76 |.--45

s24| 600D [E8 B 5.:;553.5

1
Full Swireg Lirmit or
Max Reduced Swing Limit

A-DB1E

Figure 4-514-304-5304-30: TxEQ Coefficient Space I'riangular Matrix Example
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I PCIE Gen3
Agenda

» PCle Gen3 Receiver Testing
— Stressed Voltage Eye
— Stressed Jitter Eye

= Speed and Equalization Auto-Negotiation
= PLL Loop Bandwidth Testing
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I PCIE Gen3
PLL Loop Bandwidth Test

The BERTScope CR125A-PCIE
IS the test instrument used for
PCIl-Express Gen2 PLL Loop
Bandwidth testing (2.5 and 5
GT/s) at the Compliance
Workshops

Clock recovery capability at 8
GT/s facilitates testing of Gen3
devices

Higher speed models support 16
GT/s for future PCle Gen4

!!!!!!!
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PCIE Gen3
Summary

Receiver testing is expected to be
mandatory and will include testing
with a Stressed Voltage and
Stressed Jitter Eye

Equalization auto-negotiation
controlled by the Receiver is new for
Gen3

Tektronix can provide solutions for many aspects of receiver testing
to PCle Gen3 today

— Tektonix, including the BERTScope, has a strong his  tory providing
test solutions for PCI-Express — one that we plan to continue

— The BERTScope supports data rates to 8.5G, 12.5G, and 17.5G for
current and future PCle projects

— Contact us for further details on our plans for Gen3 support
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One Stop Shopping For HSSD From Tektronix

Transmitter Tests

Transmitter jitter and timing
measurements.

DSA/DPO/MSO 71254B / MSO71254 or higher
bandwidth

Opt. USB-TX (TekExpress Automation and DPOJET
Measurements)

Opt. DPOJET Jitter and Eye Diagram Analysis Tool

TF-USB3-AB-KIT (Host and Device Test) or TF-USB3-A-
P (Host Test) or TF-USB3-A-R (Device Test) Test Fixture

e = £
e

729 |

[T
Egang:

Receiver Tests: Signal Generation /
Error Detection

Receiver Jitter Tolerance Tests for
Customers working with HDMI, DP,
MIPI

Flexible channel Emulation

AWG7122B w/ Opt. 6 and Opt. 8 and DSA/DPO/MSO
71254B / MSO71254 or higher bandwidth w/ Opt. STU
and ERRDT

SerialXpress SDX100 opt. ISl and SSC
TEKEXP USB-RMT for Full Automation
TF-USB3-AB-KIT Test Fixture Kit

Receiver Tests: Error Detection

Receiver Jitter Tolerance Test and
Debug and Analysis Tools

BERTScope BSA85C w/Opt. STR&PVU
DPP125

CR125A with Opt XLBW & Opt CR125ACBL (Precision
delay-matched cable set for use with BSA & CR in SSC
applications)

Interconnect/Cable Tests

Cable skew, Far End Noise, Near End
Noise, cable and connector impedance,
Insertion loss, and return loss
measurements.

DSA8200
80E08 TDR Sampling Module for DSA8200 2 per scope

IConnect TDR and S-Parameter measurement software
(BOSSPAR)

TF-USB3-AB-KIT Test Fixture Kit for Cable Test

Tektronix Confidential
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h a n k Application Information at:

www.bertscope.com

Tektron}x@



