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|. High-speed I/O test review

¢ Link architecture evolution

+ Jitter, noise, and signaling

+ BER and interoperability
PCle 2.0 jitter and signaling test requirements

¢ Link architecture overview

¢ Jitter, noise, and BER (JNB) transfer functions

+ JNB and signaling tests (Tx, Rx, and Ref clock)
lll. Test methods meeting requirements

¢ Transmitter

+ Receiver
¢ PLL

+ Ref clock

I\VV. Applications and case studies
+ Compliance test
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V. Summary and conclusion
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A Serial Data Communication System _—
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" Phase Jitter Measurement @
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and Reference Clock Used ==
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« Calculating Phase Jitter against a tracking clock (or
recovered clock) reduces the amount of Phase Jitter

calculated

 The amount of tracking depends on the recovered clock’s
transfer function of the receiver

A Data phase

w Ref clock phase

Diff

Phase

Time
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Be certa

= Timing jitter and amplitude noise can both cause bit error
to occur

= Bit Error Rate (BER) needs to be 10-1% or smaller

= [nteroperability is merited by jitter, noise, and BER
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Phase, Period, and Cycle-to-Cycle Jittef~

® = Phase Jitter:
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= Convolution is defined by the following equation:

+ o0
fF(x)*g(x)= [ f(u)g(x—u)du

- O

= The Total Jitter PDF is equal to the convolution of RJ PDF with
the DJ PDF. This is shown in this equation:

fry (X) = Ty (X)* Tp; (X) = _Of fry(U)- fpy (X—u)du
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A , CDFL(ts) ~ CDFR(ts)

Tlfs \
Ty Integrated
§ Gaussians
o Jerfe(ts)
o
o
Q.

Jitter POF

>
A 0 ts 1 GJI)
(a) (b)
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psd(f)

= RJPSD
= PJPSD
= DDJ (DJ without PJ and BUJ) PSD
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= Relationship of Eye Diagram, TJ PDF and BER CDF

—
[72]

eye-diagram

]
|
:
]
|

[} [}

- x _____ oo St o), Eooo zero level
|
]
l
]
]
L
] Ve
4

]

] © tg
BER(t;) = 5” fror (DAt + | fror (t-Ul)dt]
tg —00

PCI-SIG Developers Conference Copyright © 2006, PCI-SIG, All Rights Reserved 12



WAVECREST
Be certain of the signal you send

Il: PCle 2.0 Test Requirements

IMPORTANT NOTE: Numbers highlighted in
green are from the 0.7 Draft of the PCle 2.0
Specification and are subject to change
before the final specification! They are
presented for illustrative purposes only.
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"““PCle 2.0 Link Architecture (Pl or OS Based) [

WAVECREST
» certain of the signal you send

Be C

- Rx eye
Closure
Ref Clock Rx _E

(100 MHz) Tx

LT PCI>

Data Out
LT L Q>
PLL 5
| |
PLL
50X
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>\>_ Y(s): Jitter At
T PLL The Rx
X
> H (s) Pl i >
I H 3(s)
X(s): Ref [: .

) Rx PLL
Clock Jitter
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Y(s) =H¢ (9)X(s) ={[H(5)e vd Hy ($)JH3(8)$X(S)

PCI-SIG Developers Conference Copyright © 2006, PCI-SIG, All Rights Reserved 15



PCI ¢ PCI >

T Ysie Tx Amplitude Voltage Test Requirements =

WAVECREST
Be certain of the signal you send

Symbol | Parameter and 2.5 GT/s 5 GT/s — PCle Unit
Definition (PCle 1.x) 2.0 Draft 0.7

VTX- Differential p-p Tx 0.8 (min) 0.8 (min) V

DIFF-PP | voltage swing 1.2 (max) 1.2 (max)

VTX-DE- | Tx de-emphasis level 3.0 (min) -5.5 (min) dB

RATIO - -4.0 (max) -6.5 (max)
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— Channel Slows
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I\ J i 1Ul i 1Ul o in better Bit
= 1U| i 1U| i window at RX

Sample Data Pattern

0.8000

0.7000 ,/— [\ : .
0000 A 0 I | De-Emphasis tries to
S L[ compensate for DDJ of

> 0.5000 i j i

0.4000 I'.I :'.!_- ,E ll'.l | :';! th e C h a. n n e |
0.3000 \_ "\

0.2000

0 04 08 12 16 2 24 28 32 36 4

O 14427

Figure 4-:4142% Sample Transmitted Waveform Showing -3.5 dB De-emphasis Arounda 0.5
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Symbol | Parameter and 2.5 GTls 5 GT/s (PCle 2.0 Unit
Definition (PCle 1.x) Draft 0.7)
TMIN- Instantaneous pulse Not 0.9 (min) Ul
PULSE width spec’ed
TTX- Transmitter Eye opening | 0.75 (min) 0.75 (min) Ul
EYE (@10** BER)
including all jitter
sources
TTX- Tx deterministic jitter | Not 0.15 (max) Ul
DJ-DD (DJ) spec’ed
(max)
4 Probability
Density
5 5
DJ: RJ:
i DJ
Dual-Dirac Gaussian
-DJ/2 0 DJ2 Jitte:

PCI-SIG Developers Conference
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Symbol | Parameter and 2.5 GT/s 5 GT/s (PCle 2.0 | Unit
Definition (PCle 1.x) Draft 0.7)
BWTX- Maximum Tx PLL 22 (max) 16 (max) MHz
PLL Bandwidth (BW)
BWTX- Minimum Tx PLL BW 3 (min) 8 (min) MHz MHz
PLL-LO- | for 3 dB peaking
3DB
BWTX- Minimum Tx PLL BW for | Not spec’ed 5 (min) MHz
PLL-LO- |1 dB peaking
1DB
PKGTX- | Tx PLL peaking with Not 3.0 (max) dB
PLL1 8 MHz min BW spec’ed
PKGTX- | Tx PLL peaking with Not 1.0 (max) dB
PLL2 5 MHz min BW spec’ed

PCI-SIG Developers Conference
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f; = 1.0MHz

10° 10’

Frequency (Hz)
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isic Reference Clock Test Requirements S
——
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Symbol Parameter and Definition Min Max Unit
TPERIOD- | Averaged instantaneous period 9.997 10.053 ns
ABS (including SSC)
VIH Differential Input High Voltage +150 -150 mV
VIL Differential Input Low Voltage
VRB Ring-back Voltage Margin -100 +100 mV
(dVv/dt), Rising Edge Rate 0.6 4.0 Vins
(dv/dt). Falling Edge Rate 0.6 4.0 Vins
o Duty Cycle 40 60 %
TCLK_RJ Ref clk RMS jitter 3.1 ps
TSSC- SSC induced jitter that a receiver must 65 ps PP ps
JITTER-CC | track. Relevant only for common clock at 33 KHz
architecture
TSSC- SSC induced jitter that a receiver must 20 ns PP ns
JITTER- track. Relevant only for data driving PLL at 33 KHz
DDC architecture
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~ ysie Reference Clock Jitter Transfer Functioffo=°
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" Jsie Rx Amplitude Voltage Test Requirements =

Symbol | Parameter and 2.5 GT/s 5 GT/s (PCle 2.0 | Unit
Definition (PCle 1.x) Draft 0.7)

VRX- Differential p-p Rx 0.175 (min) 0.120 (min) Vv

DIFF-PP | voltage swing 1.2 (max 1.2 (max)

VRX- Max to Min pulse voltage | Not 5 (max)

MAX- on consecutive Ul spec’ed

MIN-

RATIO

PCI-SIG Developers Conference Copyright © 2006, PCI-SIG, All Rights Reserved 23
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Symbol | Parameter and 2.5 GTls 5 GT/s (PCle 2.0 | Unit
Definition (PCle 1.x) Draft 0.7)
TRX-EYE | Receiver Eye opening 0.4 (min) 0.4 (min) Ul

(@102 BER)

TRX-DJ- |[Rx deterministic jitter | Not 0.44 (max) Ul
DD (max) | (DJ) spec’ed

PCI-SIG Developers Conference Copyright © 2006, PCI-SIG, All Rights Reserved 24
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lll: Example Test Methods
Meeting Requirements
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Methods =
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 Measure clock-to-data jitter
e TJis measured at BER = 1012

:

»CRC/
Golden
Test FEE >
Equipment 12 UI-TJ
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e Create the worst jitter/signaling conditions to
stress the Rx and insure that it still meets the
10-12 BER requirement

Worst gase eye

Idea
eye

=
>

Worst case
eye opening
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Pat Gen
with
AM/PM
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 One method will measure the PLL jitter variance
function to derive the PLL transfer function (No

need for a stimulus, in-situ measurement)

PLL

PCI-SIG Developers Conference

SIA 4000

A00ag

20D

.I'r "., f/ﬁ:’wfﬁ Wﬁ“éﬁwﬁ’h% e
1 _\Il_."

Tronsfer Funcaar
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Test Methods =
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o Step 1: Measure the phase jitter time record, or
spectrum, or power spectrum density (PSD)

o Step 2: Apply the required filter function in either
time-domain, or frequency-domain

o Step 3: Estimate the RMS value after the filter
function.
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IV: Application and Case Study
Examples
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Tx Testing (I): Full Swing and De-Emphasis Eyg—]

WAVECREST
I Be certain of the signal you send

PCl Exprezz Gen: Transition Eye PCl Expressz GenZ De-emphagsized Eve
E4E. 989 m\ E4E.9839m\

-£39.443m\ -539.449m
0.2501 0.501 1.2501 -0.25U1 05Ul 1.25U1
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Removal
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0.5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.3 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
— Fn-Fp — Fn-Fp
0.4+ —— Fp-Fn |4
—— Dn-Fp
0.3+ —— Dp-Fn ||

0.2+

e

Voltage
o
|
Voltage

0.1+

-0.2

-0.3}+ -

04+ 4

0.4 | | | | | | | | |
-05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5
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PCl Express Genz Bathtub Curve [Errar Probability Density Function]
1

1°10e-4
171012
1710816

oul 0.2501 0.501 0.75Ul 01

TIMING MEASUREMENTS
Quantity Specification Measured Pass/Fail?
Ul 199.94ps-200.06ps 200ps PASS

TtxEye 10e-12 0.813816UlI  PASS
TtxDjDD 0.031209U1  PASS
TtxRj 0.011070Ul
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EXPRESS
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Be ce

PCl E=xpress Genz2 BEathtub Curwe [Error Probabilite D ensite Funciion]

1

11 0e=-4

A Oe-=

11 0=-12

11 0=-1E

Feasured
CobIC =lka

oL

0.=2501 o5 0. 75l Ll

TIMING MEASUREMENTS
Quantity Specification Measured Pass/Fail?
Ul 199.94ps-200.06ps 200ps PASS

TtxEye 10e-12 0.824608Ul1  PASS
TtxDjDD 0.076184Ul  PASS
TtxR] 0.007086Ul

PCI-SIG Developers Conference
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Pl Fepress FFT

8.7ps
@505.4kHz

S9p=

73.286fs “ WNYW

OH=z 5.03MHz 10.0EMHz
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B FCl Express GenZ Bathtub Curee [Emor Probabilibe Densite Function] Be certain of the signal you send

-

1=10=-a

o ——

H

1r10=-12 s
:
i

11 0=-1E
oo 0. 2501 0.5 0750 L

TIMING MEASUREMENTS
Quantity Specification Measured Pass/Fail?
ul 199.94ps-200.06ps 200ps PASS

TtxEye 10e-12
TtxDjDD

TtxR]j 0.006799UlI
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Tx Testing (I11): PSD =

FLCl Exprez= FFT

20p=

25.5ps
@3 MHz

97.959s f WNWMM

OH=z F32.116MHz B4 233MHz
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PCl Express Genz Bathtub Curwe [Error Probability D ensity Funchion]
1

1-10=-4
= 5 M eazured
AGimeen DD elta
11016
aul 0. 2511 0501 0. 7501 1l

TIMING MEASUREMENTS
Quantity Specification Measured Pass/Fail?
ul 199.94ps-200.06ps 200ps PASS

TrxEye 10e-12 0.478122U1  PASS
TrxDjDD 0.284141U1  PASS
TrxRJ 0.016981UlI
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SI¢  Rx Testing: DDJ SPAN and Histogram

PCl Express Genz DCO+S! vz, Edge Position

A0p=

0=

-40pz

/ 11Hits

R an B.AHitz
HFF
Patterm

OHitz

05Ul
10l 1,000,501 z,nnm}\

PCl Express Gen: DCD+S1 Histogram
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SI€  Rx Testing : PSD
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FCl Express FFT
3.2p=s
1.Bp=z

OHz 1.26GHz 2.8GH=
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PLL Testing : 3 dB Frequency and Peaking

B - PLL A B o PLL B

3 dB BW = 3.066 MHz |3 dB BW =16.962 MHz
Peaking= 1.5 dB Peaking=3.0 dB

PLL C

3 dB BW = 28.62 MHz
Peaking= 1.2 dB

|
|
\ il
_—

f

f
|

| ‘,lhrlkflﬂ i || ‘H” |l||l|1|||‘|‘ F|M “HH II| |”‘I|II|
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3rd Order PL_ Transfar Funzticn
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Phase Jitter Frequency Contert x10"
10° - | | | >
4
Before filter function applied 3
10" M m
2
D After filter function applied <2 ‘ H
o) 2
i | |
= 10 I i o
2 | 2| U
= h "“ | ‘ i M\‘\l‘h M \‘\\"‘\ i “l U?_l ‘ !\
1541 ‘ ‘Il \ .\ \ l‘m‘.\”‘\‘. , 2 ‘
3
10" 4 ‘ ‘
10° 10° 10° 10 10° 0 0.5 1 1.5
Frequercy (Hz) Time (S) x10°

RJ rms =8.31 ps> RJ _rms = 3.1 ps of specification
FAIL
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V. Summary and Conclusimg

WAVECREST
Be ¢ Lyl

Signal integrity is composed of both Timing Jitter and
Amplitude Noise

Quantifying jitter and noise components is essential

Understanding different jitter measure types is critical and
phase jitter is used for PCI Express

Transfer function is a must for testing serial links
DJ/RJ/TJ testing are all critical and required for 5GT/sec

PLL parameters are critical for PCl Express interoperability
test

Both compliance and diagnostic tests are needed in order to
have a full test coverage
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