» PCI Express : Where is it used in
PCI EXpreSS® computers?
« DUTs and J-BERT match

« Testing PCI Express

« PCle 2 theory
* realization of RX-tests w/ J-BERT-A

 PCle 3, another outlook

PCI-SIG and the PCI SIG design marks are registered
trademarks and/or service marks of PCI-SIG.
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Processor Architecture Block Diagram for PCle
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Processor Architecture Block Diagram for PCle
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Processor Architecture Block Diagram for PCle
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Testing PCI Express
Electrical Layer
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PCIl Express Electrical Layer Test

Physical Layer Measurements

TX waveform
characterization and jitter
decomposition

Scope
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DUTs and Tests

DUT

mandatory test /
recommended tests

relevant spec

I/Os of test chips

1/Os of final ASICs

TX, RX, jitter transfer

PCle base spec

Add in cards (graphic)

Motherboards

TX, jitter transfer

RX sensitivity w/
stressed eye

CEM card spec
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Which Tests, Addressed When and How

Test Now

RX sensitivity |J-BERT A + 81150A &
and jitter 15431A for correct RJ
tolerance spectrum

trace #2 for ISI/ DJ

TX waveform |[Scope
tests

TX jitter Scope
transfer
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The Theory Behind the Specs
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= Tx and Rx paths track LF jitter in accordance with PLL difference function.
= PLL difference function removes jitter in below 5 MHz and above 16 MHz

= S5C residual jitter reduced to 33 KHz, 75 ps triangular waveform
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eel___ 5.0 GT/s Rx Tolerancing Parameters E@sess

1 SIG -
(common clock architecture)
;

Parameter Description Min Max Units
i Unit Interval 199.94 200.06 ps
Trx HE RMs > 1.5 MHz Rj 4 ps RMS
TervE = o1 > 1.5 MHz Dj {including §82.2 ps
- T T channel effects)
Trx ssc RES 0-1.5 MHz Dj (SSC residual) 754 ps
TFI:}I'.:LF_};ME 0-1.5 MHz Rj 4.2 ps RMS
Trx_mm_puLse Minimum width pulse at Rx 120 ps
Vax mMax MIN RATIO min/max pulse voltage ratio 3 --
- on consecutive Ul
Vax eve Receive eye voltage aperture 120 1200 mV
Unx_;m_ﬁc_pp Common mode noise 300 mVPP

1. Jitter BW: 1.5 — 100 MHz, spectrally flat, consisting of contributions from Refelk and Tx

2. Includes sinuscidal component plus channel effects. Sinusoaid swept continuously from 1.5 — 100 MHz or over
same range in 10" octave steps
3. Two different tests must be performed: maximum channel with minimum sinuscidal Dj and zero channel with max
sinusaidal Dj. In both cases Dj total = 88 ps pp.
4. S55C residual consists of 33 KHz triangular wave with 75 ps PP magnitude
5. 0 — 1.5 MHz, spectrally flat, consisting of contributions from Refclk and Tx
PCI-51G Developers Conference Copyright & 2007, PCI-51G, All Righis Reserved fa
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A —
Data Driven Topology

—»{Tx latch W} Rx CDR |——+
My

Tx
PLL
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Hy(s)=| =212 * i | ¥(s)=X,(s)* Hy(s)
s +2s8 0 +m§1

- ~ 4 PLL difference function

16 MHz, 3 dB

= The full 20 ns of SSC jitter must be tracked by the CDR

= Receiver must track additional <1.5 MHz Rj and Rj in the 1.5-8 MHz range that
would otherwise be removed by the PLL difference function in the CC case.

= Rx must also track LF Refclk jitter from 1.5 MHz down to 10 KHz
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Lﬁ"‘.rm- 5.0 GT/s Rx Tolerancing Parameters xprees

!data driving architecture)

Parameter Description Min Max Units
ul Unit Interval 199.94 200.06 ps
Tex HE rus > 1.5 MHz Rj 4.2 ps RMS
Tex HF DuDD Max Dj impinging on Rx under gges ps
- T tolerancing
Trx_LF ssc_FuLL 0-1.5 MHz Dj (Full S8C) 204 ns
Trx.Lrams 10 Khz — 1.5 MHz RMS jitter 8 ps RMS
Trx_mm_puLse Minimum width pulse at Rx 120 ps
Viex Max MIN RATIO min/max pulse voltage ratio on 3 -
I consecutive Ul
Vex eve Receive eye voltage aperture 100 mV
Vs cw-ac-pp Common mode noise 300 mVPP

1. Spectrally flat from 0 — 1.5 MHz. Includes 3.9 ps from Refclk and 1.4 ps from Tx
Twio different tests must be performed: maximum channel with minimum sinusoidal 0 and zere channel with max
sinusoidal Oj

3. Two different tests must be performed: maximum channel with minimum sinusoidal D) and zere channel with max
sinusoidal Oj
4. Full 55C must be tracked. Includes sinusocidal component plus channel effects.

L Cheer 10 KHz — 1.5 MHz BW with -20 dBi/decade to account for 1/ noise slope

PCI-51G Developers Conference Copyright & 2007, PCI-51G, All Rights Reserved 62

Agilent Technologies



RX Jitter Tolerance Specs
Based Upon Channel Behavior: DJ (ISI+PJ)

« channel is specified in terms of pulse amplitude compression?, not directly in terms
of ISl or DJ

L there is a return loss spec of <20dB as well

 a total of DJ=88ps is specified
— combined from ISI from channel (maybe less than 88ps) plus
— swept PJ (1.5MHz...100MHz)

Agilent Technologies



Trace # 2 OK for PCIl Express 2.0

ﬁ File  Control  Setup  Measure  Calibrate  LUtilities  Help 12 Sep 2008 10:35' A pattern'

1111 1011 1111 1111
0000 0100 0000 0000
normal only, trig / 16

levels of lone 1 (0) are
about 20% of those
of long duration.

Levels of long duration
are equivalent to
those of w/o channel

1.0 i 1000 i 100 v 100 mtdAdiv Tirne:200.0 psAdiv © Trg: Momal Pattem
300 pY 0.0 GO0 P 3.0 Dielay: 32,9030 ns - 'y Lock
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ISI “compliant channel” (trace # 2)

“ File  Control setup  Measure  Calibrate  Utilities  Help 12 Sep 2008 10:40 —
i e | pppg gisg
ime = Samples: 36864 DDJ HIE;t Samnples: B1440 through trace # 2
Fraguancy ‘:I :>84ps IS

—add ~4ps PJ,100MHz
—DJ=88ps

hifn bit ﬁl?l bit 1ﬁ42? bit EAEFE bit

hits  Div Ratio: 1:2 Src: 3

RJErms):  1.05 ps Sefup
DCD: 2 1.4 ps _l& Infa

[S1{p-p): 2 B3.0 ps

Bit Rate: 5.000000 Ghes Fat
TJOIE-123: 2 103.0 ps D &4
P &-8): 2.4 ps DDuE

- PJirms): 2.82 ns




Summary: RX tolerance Jitter Specs (Base Spec)

two different clocking architectures:

common ref-clk

* RX sampling on (multiplied) ref clk
« RXw/DLL only

» SSC off: no phase error induced

« SSCon:

— small error (fempto seconds) due to path delay
difference (!) but

— significant residual phase error due to potentially
different transfer functions (BW and peaking) of
TX and RX clock multiplying PLLs

Com Ref-clk Data Clocked
rms PP rms pp
SSC residual: 75 SSC 20 ns
RJ (?) HF 3.4 47.6 RJ (?) HF 4.2 58.8
LF 4.2 58.8 LF 8.0 112
RJ,sqrt sum 54 75.7 RJ,sqrt sum 9.0 126.5
DJ HF 88 DJ HF 88
“UHF”
total sqrt 150.7 - 238.7 total sqrt 126.5 - 214.5
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Summary: RX Tolerance Jitter Specs (Card Spec)

two different clocking architectures: _

common ref-clk

* RX sampling on (multiplied) ref clk
« RXw/DLL only

» SSC off: no phase error induced

« SSCon:

— small error (fempto seconds) due to path delay
difference (!) but

— significant residual phase error due to potentially
different transfer functions (BW and peaking) of
TX and RX clock multiplying PLLs

Com Ref-clk Data Clocked
rms PP rms pp
SSC residual: 75 SSC 20 ns
RJ (?) HF 3.4 47.6 RJ (?) HF 1.4 58.8
LF 4.2 58.8 LF 3.0 112
RJ,sqrt sum 54 75.7 RJ,sqrt sum 9.0 126.5
DJ HF 30 DJ HF 30
“UHF” 27 “UHF” 27
total sgrt 132.7 total sgrt 126.5
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Three Steps To RX-jitter Tolerance Testing

1. Prepare DUT-RX for test
— exit mission mode
— enter test mode, set into loopback-mode
2. Stimulate DUT with all required signals and applicable properties
— free running or synchronized to DUT
— signal levels
— delay between signals
— Jitter, absolute and between signals
3. Determine correctness of RX's conversion
— synch on looped back data
— analyze digital content: de-code, unpack, strip idles, ...
— compare and count errors: BER, FER,...

‘7%~ Agilent Technologies



J-BERT, with 81150A for Spectral RJ and Residual
SSC

RJ generated through appropriately filtered noise from and
external modulation capability of J-BERT

$1IIINIINRI SpecromSSI1IATIIN residual SSC generated through 2nd Pulsar channel
: i '-;i‘gta‘cllockeld ‘ « DJ (ISI+PJ) generated by J-BERT: trace #2 and internal
[ e source

» de-box used if de-emphasized signals are required
------ : » patterns for DUT-RX programming available

Niddddd e e e R E ¥

1k 10k 100k 1M 10M 100M 1G
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Outlook PCle-3




PCle3, rev 0.5

« Symbol rate 8Gbs (includes a coding of 130/128%?)
« some as PCle2, two architectures, common ref clk and data clocked
— common ref clk: BERT sources clean clock & residual SSC on data
— data clocked: no clock supplied but full SSC on data
« RX measured w/ & w/o ISI-channel (calibration channel) - specs tbd
* RJ is always spectrally flat between 10MHz and 1GHz
 PJistwo-tone sinusoidal (two frequencies simultaneously!)
— 1st tone 70ps if 10KHz-1MHz,

or 70..7ps if 1IMHz-10MHz (tbd) Low jitter
— 2nd tone 7ps, 10MHz-1GHz (tbd) Refdoclk
* Noise injection p N "
Single Snusoida oo wen | o
Vpp and frg tbd [o-w000mrzny | HH ™ o Spliter
— differential mode: _
spectrally flat white noise EC i Pattern
BW (>1GHz), Vpp thd N ) | Generator m—
- DCD 4ps e

sources

* necessity of de-emph tbd in rev .07
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