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Transmitter Architecture
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De-emphasis = 20 log,,Vb/Va
Preshoot = 20log,,Vc/Vb
Boost = 20log,, Vd/Vb
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¢ Controlling Transmitter

A At boot Tx is set by firmware to an appropriate preset

V Tx presets include one tap each of preshoot and de-emphasis
I Total of 11 presets are possible
I Picked to accommodate Tx requirements for PCle 1.x/PCle 2.x
V RXx preset hints based on behavioral CTLE
I -6to-12dB in 1 dB steps

A During 8GT/s initialization Rx may optionally adjust Tx
coefficients

V' Protocol defines method for each Rx to adjust with (temporary)
backchannel FIR coefficients

V Coefficient space defined to match channel solution space
I Coefficient resolution 1/24 to 1/63
I C,range Oto-0.167
I C; range 0 to -0.333

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 5
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EXPRESS'

= Coefficient Space and Presets

‘Min Reduced Swing Limit

PS DE Ciq!

BOOST 0/24 1/24 2/24 3/24 4241 5/24 6/24 7124 8/24
024 00 00[ 00 -08 00 -16] 00 -25[ 00_.-85 00 -47| 0.0 -60 00 -76] 00 -85
0.0 0.8 1.6 2.5 .--"3.5 4.7 6.0 7.6 .--9.5
1/24 0.8 00] 0.8 .-0.8/ 09 -1.7 1.9/,«2.’8 1.2 -39 13 -53] 16 -6.8| 1.9 _-88
0.8 1.6 2.5 _.--~ 35 4.7 6.0 7.6 -~ 9.5
a| 16 00| 17 -09 19 __-18| 22 -31| 25 -44] 29 60| 3.5 __-80
1.6 2.5 .--~ 35 4.7 6.0 7.6 _--"95
c 3/24 25 0.0 28 _.-10| 31 -22 35 35| 41 -51 4.Q,,‘7TO
1 2.5 P 3.5 4.7 6.0 7.6 _--~95
4/24 3.5 60| 39 -12| 44 -25] 51 -41 6.Q,x—6’.0
o ‘35 4.7 6.0 7.6 _--~ 95
4.7 0.0 53 -13|] 6.0 -29 7 O -=4.9
524 7, 4 6.0 76 |.--"95
6/24] 60 6 00-0 6-87_ 6-1-6 §-9§_'5‘-3- Presets highlighted in red and green

Full swing Limit or
Max reduced swing limit

A Shown for the largest coefficient step size of 1/24 (smallest 1/63)

A Depending on coefficient resolution some quantization error exists, preset
tolerance is relaxed to N1dB or N1.5 dB

A Advisable for Rx equalizer to adapt to Tx and channel

A 11t preset is advertised by Tx and may vary, but must fit between min reduced
and max full swing limits

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 6
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¢ Solution Space with Presets

- PC| >

A It is optional for the Rx to adapt the Tx EQ

V Firmware can provide a reasonable estimate for Tx and
Rx EQ settings for most channels

V Difficult channels will require as a minimum the Rx EQ to
be trained

V Accuracy of Tx presets and Rx EQ variations will likely
require Rx to train its equalizers

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 7
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~" Coefficient Solution Space

A If the Rx adapts Tx EQ it sends commands through the
backchannel implemented by the LTSSM

V Protocol uses a handshake so that Rx knows when and if a Tx
accepted a coefficient change

V The Rx uses an implementation dependent algorithm to search
the Tx coefficient space whilst adapting its equalizers

V Rx uses an implementation dependent eye opening FoM to
select Tx and Rx EQ settings

A Base spec assumes exhaustive search to evaluate
channels

V All possible equalizer settings evaluated

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 8
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7 Ty Measurement Specs

A Tx is defined with a minimal set of parameters that bound
performance of behavioral Tx used for channel compliance

A Measurements are made using a high quality compliance board
V Measurements referenced to the pin to take into account package loss
V Measure |jitter, voltage levels and equalization for the Tx presets

AA replica channel is required
to permit de-embedding to

clock source device pin

Low jitter S @
S
@

AReplica S-parameters are

@—\——/_@ measured and channel
@_/—\_@ inverse applied to

measurements at TP1

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 9
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" Preset Level Definiti
rese eve ernitons
Preset
Number preshoot (dB) de-emph (dB) C, C,q Va/Vd Vb/Vvd Vc/vd
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000
P1 0.0 -3.5+1 dB 0.000 -0.167 1.000 0.668 0.668
PO 0.0 -6.0 £1.5dB 0.000 -0.250 1.000 0.500 0.500
P9 3.5+1dB 0.0 -0.166 | 0.000 0.668 0.668 1.000
P8 3.5+1 dB -3.5+1 dB -0.125 -0.125 0.750 0.500 0.750
P7 3.5+1 dB -6.0 £1.5dB -0.100 -0.200 0.800 0.400 0.600
P5 1.9 +1 dB 0.0 -0.100 | 0.000 0.800 0.800 1.000
P6 25+1dB 0.0 -0.125 0.000 0.750 0.750 1.000
P3 0.0 -2.5+1dB 0.000 -0.125 1.000 0.750 0.750
P2 0.0 -4.4 £15dB 0.000 -0.200 1.000 0.600 0.600
P10 0.0 Note 2 0.000 Note 2 1.000 Note 2 Note 2
Preset De-emphasis (dB) Preshoot (dB)
Number 20 10g,,(Vb(i)/Vb(j)) 2010g,,(Vb(i)/Vb(j))
P4 N/A N/A AEach of the 11 presets
5 PR A may be measured by
PO PO/P4 N/A . .
appropriately selecting
P9 N/A P4/P9
= SHToE =5 other presets whose Vb
57 P7/P5 P2/P7 values correspond to the
P5 N/A P4/P5 Va and Vc values of the
P6 N/A P4/P6 preset under consideration
P3 P3/P4 N/A
P2 P2/P4 N/A
P10 P10/P4 N/A

PCI-SIG Developers Conference
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Vix.eieos-es aNd Viy ElE0s-Rs

These parameters are required to guarantee that the Rx idle detect voltage
limit appearing at Rx is met.

Vixgieosrks: full swing. Viy gieos.rs: reduced swing

Measurement made at speed with 8-zeroes/8-ones pattern which is part of
compliance pattern

De-embed to Tx pin

> > >

>\

Upper average
over Ul #3-7

I
Ul #3-T™

VTX-EIEOS-FS
or

1
1
|
! \V/
1 TX-EIEOS-RS
1

Lower average
over Ul #3-7
FTT 1T [T T T T [ T T T T [ T T T T[T T T T [T T T T[T T T T [T
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- ps21., Measurement T

A ps21., parameter places an upper limit on the combination of package attenuation and
edge rate

A This parameter is required because all other voltage measurements are made at low
frequency and do not comprehend HF loss

0.50
1  —
0.75 ul 5]"-'52—_T
0.00 Megative half cycle —#=t-=+ Posifive half cycle
0.25 L W] 5«'4511
— I_I I R S ece  ___ 4t I
Ul 49, 51, 5:3.JL
-0.50 T T T T T I —— T T T [ T T 11
0.0 448 9.6 14.4 19.2 240

ps211y = 2000g10(V101V111)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 12
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= Tx Jitter

A Tx Jitter is broken up into 3 components

V Data Dependent Jitter (DDJ)

I DDJ is deterministic jitter that is correlated with the data
pattern. (ISl is an example of DDJ)

V Uncorrelated Jitter (UJ)
I UJ is jitter that is independent to the data pattern

V Pulse Width Jitter (PWJ)

I PWJ is uncorrelated jitter
I PWJ is edge to edge |jitter.
I PWJ is high frequency jitter

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 13
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Yo S
DDJ Jitter Separation

A DDJ measurements require de-embedding back to Tx pin

A Voltage record from Tx DUT is compared against the recovered data clock.

A Around each clock edge a PDF can be built

A DDJ is defined as the average of the distances between the median of each
PDF and the corresponding clock edge

A The remaining PDF is used to extract Ty ;5 and Ty upioo

Data from Tx N ﬁ N m_

DDJT—> i— DDJ2>—%  — DDJ3—>+—

Recovered I
Data Clock

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 14
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EXPRESS

=® Uncorrelated Jitter Separation

A After removing the DDJ each of the PDFs can be combined into a pair of
PDFs

A Convert the PDF into a Q scale as shown below

A Fitted curve intercepts at Q=0 and Q=7 yield Ty yps.00 @Nd Trx.u1ss
respectively

A

1.0 UI

. A

— LOUIT Tryypsop —

1 1
I' .I
! 1

Data clock

Data clock
k crossing LOUIT Ty crossing

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 15
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EXPRESS

" Pulse Width Jitter

A PWJ is an edge-edge phenomenon and is only defined for pulse widths that
are nominally 1 Ul

A 1SI must first be removed

A Jitter is referenced to a fixed leading edge to generate the PDF

A Even and odd Ul are averaged separately to properly account for F/2 jitter

4 . )
Non jittered Non jittered
edge gdge
<+ 1.0 Ul !
Referenced to o X N
data clock k\k\ &\&
Referenced to — pw _,m
leading edge MIN
:< —
PWJ PDF
L 7*RI 7RIy py
PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 16



T

=% Summary of Tx Specifications

PCI >

EXPRESS

Symbol Parameter Value Units

VixFs-NO-EQ Full swing Tx voltage with no 1300 (max) mVPP
TXEQ 800 (min)

Vi Rs-NO-EQ Reduced swing Tx voltage with | 1300 (max) mVPP
no TXEq

Vix.EIEOSFS Mir_l swing during EIEOS for full {250 (min) mVPP
swing

V1x.EIEOSRS Min swing during EIEOS for 232 (min) mVPP
reduced swing

. Tx uncorrelated total jitter 31.25 (max) ps PP @ 1012

T%-UbJDD Tx uncorrelated deterministic 12 (max) ps PP
jitter

[ Total uncorrelated PWJ 24 (max) ps PP @ 1012

T x-UPW-DIDD Deterministic DjDD uncorrelated |10 (max) ps PP
PWJ

T emm Data dependent jitter 18 (max) ps PP

ps21., Pseudo package loss -3.0 (min) dB

T Tx boost ratio for full swing 8.0 (min) dB

Vs reeeTrE Tx boost ratio for reduced swing |2.5 (min) dB

EQ+y.coere-RrEs Tx coefficient resolution ijgg Em@;) N/A

min

PCI-SIG Developers Conference
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Recelver Architecture
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@ Rx Stress Testing o

A Rx Testing Background

V Rx s tested with a stressed eye calibrated to limits of channel compliance
Three different channels tested: long, medium, and short (no calib channel)
Multiple jitter and noise sources replicate conditions of real system
Separate Stressed Voltage and Stressed Jitter eye

Stressed eye is defined after applying behavioral Rx package model and
optimizing behavioral Rx EQ

< < < <

Test Board

Add Behavioral
Rx Package,

1

e @B @B
Generator @ @ m

Combiner Channel #1

g
©

@] ® s
ooignal —@ | @H— >
BER
anpgon TP6 [@———{ RxDUT

ADE26

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 19
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¥ Test Channel IL Masks

A Insertion loss is defined from TP1 to TP2
V Cables included
A Three masks represent short, medium, long channels

A Note the tighter S,, tolerance for the breakout channel

Breakout + Short Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
PR .
1.0x1d8 +——-25+1dB @ 4 GHz
40x1dB—fm o [ |
-85+ 1.5::{5—— "LH"*""““E--—H_‘
< 107 —_ — | 1 2:2d8 @4 GH
= L -— - z
S 15 [ s E—
-20 1—-20+2dB @ 4 GHz
\\ @
_25 T 17T

L T T T T T 7T T 171 T T
1.0 1.5 2.0 25 3.0 35 4.0
Frequency (GHz)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 20
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e Behavioral Rx CTLE T

A Stressed eye at TP2 may be closed, making direct measurement
unfeasible

A Define a behavioral CTLE that implements a minimum Rx equalization
capability

V Behavioral CTLE can be modeled as HPF/LPF with fixed poles and AD/DC
gain resolution from -6 to -12 dB in 1.0 dB steps

V Jitter numbers defined in parameter table are after Rx equalization is applied

o )
{ “ A
§ T L 7 o
H(s) = wp A he 4
(s + @p))*(s + @p3) P Y B
% ____
B __:--
tp; = pole | = 2n+2 GHz » ——_-'_,__.
p; = pole 2 = 2n+8 GHz ________::_’
Apec=dc gain A2 —

108 109 1010
Frequency (Hz)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 21
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EXPRESS

#¢ Behavioral 1-Tap DFE

AAnalysis of long channels has shown that a combination of TXEQ, Rx CTLE
and 1-tap Rx DFE is required to yield practical eye margins.
V' Practical means sufficient EH and EW to account for receiver uncertainty
AThese assumptions need to be replicated for the sake of consistency when

generating the Rx stressed eye.

yk :Xk - dlsgn(yk _ 1)
Yy =DFE summedifferential outputvoltage.

1stOrder ln o X%
—0— CTLE -6 >

PCI-SIG Developers Conference

Decis.ion y:( =decisionfunctionoutputvoltage. | y:( |=1
function
Y I_ . X\ =DFE differentialinputvoltage
_| Yi d1 =feedbackcoefficient
k =sampleindexin Ul
VEYE’ TEYE

Copyright © 2011, PCI-SIG, All Rights Reserved 22
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EXPRESS

¢ Stressed Voltage Parameters

Symbol Parameter Limits at 8.0 GT/s Units Comments
Vs aUNcH-sG | GENerator 800 mVPP | Measured TP1
launch voltage
Vix.svss Eye height at 25 (-20 dB channel) mVPP | Eye height at BER=10-12
TP2P 50 (-12 dB channel)
200 (-3 dB channel)
Trxsvc Eye width at 0.3t0 0.35 ul Eye width at BER=10-12,
TP2P
Vexsvoiress | Differential mode | 14 or greater mVPP | Adjusted to set EH
interference Frequency = 2.10 GHz.
Vixsv.emss |RXAC Common | 150 (EH <100 mVPP) |mVPP |Defined for a single tone at 120 MHz.
mode voltageat (250 (EH O 100 myPP)
TP2P
Trysvsiss | Sinusoidal Jitter |0.1 Ul PP |Fixed at 100 MHz.
at 100 MHz
Trysv-riss |Random Jitter 2.0 ps RMS | Rj spectrally flat before filtering.

A Different levels of CM interference are added, depending on EH
A Three channel loss characteristics are tested

PCI-SIG Developers Conference
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¢ Stressed Jitter R

A -20 dB channel is used in this test

A Rj is adjusted to yield 0.3 Ul EW

A'Sj is swept in amplitude and
frequency as per mask

A At least 3 frequencies per decade
should be tested

X Test

PCI >

EXPRESS

Rj (ps RMS)| 0.03 MHz . 100 MHz
Sj (Ul PP) . Sj sweep range :
A No diff or CM interference is added i , i
10Ul +---- . 20dB :
| ! decade :
o1ul + ; \.— L
| i R
! ~3.0psRMS: — = .
0.01 MHz 0.1MHz 1.0 MHz 10 MHz 100 MHz 1000 MHZ
Freq (MHz)
Symbol Parameter Limits at 8.0 GT/s [Units Comments
Vex.iaunchss | Generator 800 mVPP Measured at TP1

launch voltage

Vix.sT.86 Eye height at 25 (min) mVPP At BER=1012
TP2P 35 (max)
Trx-sT-86 Eye width at 0.30 Ul At BER=1012
TP2P
U s e ee Sinusoidal Jitter (0.17 1.0 Ul PP See Figure 4-24 Measured at TP1.
Trest-risc | Random Jitter 3.0 ps RMS | Rj spectrally flat before filtering.

Measured at TP1.

PCI-SIG Developers Conference
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Base Spec Tx Measurements
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EXPRESS

's& \Verifying Tx Equalization Presets

A Measurements done at 8.0 GT/s using compliance

pattern

V Data was measured on 64-zeroes by 64-ones block of compliance
pattern

A DUTS tested at Ty,a/Vyyn @Nd Tyyn/Viayx COrNers

A De-emphasis calculated by measuring voltage ratio
between pattern with no de-emphasis vs. when de-
emphasis is present

Copyright © 2011, PCI-SIG, All Rights Reserved
PCI-SIG Developers Conference 26
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PCle Tx De-emphasis Setup

DUT generates g

compliance patterns ( RF switch \
on each of 16 lanes

¥ PO_P
¥ PO N ®
TX_LO_P - P OUT®- % © Scope
. TX_LO_N %9 _yo P15 P N_OUT® \_ J

1 p15 N

TX_L15 P [ Multiple readings are
TX_L15_N [T
e T (©) } \ J averaged to reduce

AmonV l—»¢ the effect of high

Lane Select :
frequency noise

Heat/chill
module

Test setup allows for varying Vp and the device temperature

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 27
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iSlG EXPRESS
Tx Test Procedure

Set heat/chill moduleto T Vi IR vy
SetV gy toV yax OrV uin

For each port and lane:
I Measure waveform with No TxEq (P4)
I Set TxEQ value using preset table

I Measure cursor and calculate de  -emphasis or pre -emphasis value depending
on setting based on table.
i P7 and P8 which have both pre  -emphasis and de -emphasis require the use

of an intermediate preset (P2, P3, P5, or P6) to be used in computing
equalization ratio.

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 28



T t Tabl d Sample &=
reset 1ablie an allple  aeesss
Preshoot onl
Table 4-17, Sec 4.3.3.5.2 » > L
Preset De-emphasis (dB) 20log,, Preshoot (dB) ' 1 <—half period "i
Number (Vb(i)/Vb(j)) 201094, (Vb (i)/Vh(j)) 0 5; i - !
P4 N/A N/A . I
P1 P1/P4 N/A 0.0-] UlEiez
PO PO/P4 N/A ] |
P9 N/A P4/P9 0.5—
P8 P8/P6 P3/P8 E <+—half period —H
P7 P7/P5 P2/P7 L0 T T T T
03 A S2/PE 0 2 4 6 8 10 12 14 16 18 20
P6 N/A P4/P6 time, nsec
P3 P3/P4 N/A
P2 P2/P4 N/A De-emphasis only
P10 P10/P4 N/A 1.0 :
1 ««—half period —»
0.5 '_' ------
Measurements are made on flat portion of 0od| V15762 A T
curve and are averaged over Ul 57-Ul 62. 1
0.5
1 '«—half period !
1.04 T { T { T { T { T { T { T { T { T { T
0 2 4 6 8 10 12 14 16 18 20
time, nsec

PCI-SIG Developers Conference
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iSlG' . EXPRESS
Tx Jitter Measurement

U De-embedding

- Requires that test apparatus be de-embedded back to the DUT
solder ball

- In this case de-emphasis was implemented in the time domain by
means of a multi-tap FIR

U Test procedure
- Set heat/chill module temperature to Ty .y OF Ty
- Set Vpp to Vyax OF Vi
- Turn on other lanes to mimic realistic operation conditions

- For each port and lane:
I Settarget Tx lane to compliance pattern with proper TXEq value
I Set all other lanes to compliance pattern
I Record raw and de-embedded waveforms
I Run WAV program to extract measurement data

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 30
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\’?:a . EXPRESS
PCle Tx Jitter/ps21TX Setup

~

~

DUT generates
compliance patterns (RF SWitch\
on each of 16 lanes

PO_P
® PO N ©

TX_LO_P - p_OUT@_%@ Scope

TX_LO_N | 4 PI5_P N OUT®H L J

O p15 N

\

TX_L15 P

TX_L15_N |
o~ & J

AmonV |a
] Lane Select

' Scope computes jitter
separation, or raw data
may be post processed
externally

Heat/chill
module

/' N
S

Data is postprocessed to de-embed IL from
socket solderball to scope connector.

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 31



ey __ PCle Tx Jitter Parameters g
Tested

Touon® 31.25 ps p#$ @ BER = 10
T1x-upJop O 12 ps
Trxopwrs©O 24 ps @*BER = 10

T1x-uPw-DIDD O 10 ps
Trxops©O 18 ps

ps21.y O-3 db (not really a jitter parameter, but measured with same de-embedding)

Measurements are made at two worst case VT corners: Vyax, Tyn and
Vune Tuax for several different process corners: FF, SS, and others

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 32
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Base Spec Rx Measurements
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" Rx Testing: Build Stressed Eye

1. Measure step response at TP2.
No EQ, jitter or noise

2. Add reference packageto TP1-TP2
step.

Result is the full channel step

3. Stressed Eye: Calibrate Vswing, Sj,
Rj, and Diff noise at TP1.

Jitter Tolerance: Calibrate Rj at TP1

4. Use FC_step in statistical channel
tool to get eye at TP2P.

Use Sj and Rj as Rx uncertainty.
EH 25mV; EW>0.3UlI (Stressed Eye)

EH 25-35mV; EW=0.3UI (Jitter
Tolerance).

PCI-SIG Developers Conference

Pattern
generator @

generator [d]

scis @ | /5]

Signal [ . 9]

1]

~

Tx EQ: -20dB, -12dB, -3 dB IL at 4 GHz
A
/
8Gb PRBS bi ‘ E Calibration }———F\ Replica
Generator combiner | ; channel . . channel
y ¥ 7Y 7 \ 7Y ; i :
TP1 TP4 TP5
Rj Sj Diff CM

source source

noise noise

EH adjust

Copyright © 2011, PCI-SIG, All Rights Reserved

: Test
¥ equipment

TP2

Y

Post proc scripts:
ARXx pkg model
ABehav CTLE/DFE
ABehav CDR

l TP2P

EH: depends on calib channel
EW >=0.30 Ul
Both at 1022 BER

34
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Stressed Eye Cal Setup

PCI >

EXPRESS

DM/CM
interference
BERT N
ED P@®
ED N@
Gen_P .': : De-emphasis
Cen N@® TX_P  Data_in Calibration \
Aux_CLK out @ TX_N  CLK_in channel
CLk P @
- CLK N@®
Rj, Sj added

\ by BERT /

ABERT outputs data pattern with ability to add Sj, R}
A Signal captured at TP1 or TP2 and captured by scope

APost processing used to add behavioral Rx package and
to implement behavioral Rx equalization

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 35
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.- Step 1: Measure Step =2

ISIG

ResEonse TP1- TP2

04r-

02-

02
o4k
0B

08
0

SpCp

S | =

Tx Eq: -20dB, -12dB, -3 dB IL at 4 GHz

8Gb PRBS bi — Test
Generator combiner | equipment
TP1 TP4 TP5 TP2
Rj Sj Diff CM

source source noise noise Post proc scripts:
ARx pkg model

/
- EH adjust ABehav CTLE/DFE
ABehav CDR
l TP2P

v v

1 1 1 | 1 | 1 |
1 12 : s : e ! e 75 TP2 EH: depends on calib channe
¢ EW >=0.30 UI

Both at 102 BER

Goal is to establish step response for calib channel and set
SWING t0 Vgy.| aunch-8G
Run BERT with pattern of at | eas

No Tx EQ, jitter or Vnoise
Scope averages and interpolates to 1ps on multiple captures

36
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pery Step 2: Add
e Reference Package

20
25 -

-30
a

PCI-SIG Developers Conference

total IL this goes into Sigsim, loss=-22.1915

Reference package only 1

0.5

Calib channel only 05 05 1I 18 2 25 3 35 s 2 5
10°
i pulse response truncated !
0.3
02k
. Package + channel pulse response
Package + channel oir
i
G i 15 3 3% 3 35 2 15 5 01

w10°

A The reference package is added to
waveform at the pad.

PCI >

EXPRESS

X
Step response that goes into stat tool
T

f Package + channel step response

| | | | |
1000 2000 3000 4000 5000

the test setup to get the

5000

A Convolve the step response from TP2 with the impulse response of
the reference package to get combined TP2P

Copyright © 2011, PCI-SIG,

All Rights Reserved
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EXPRESS

e Step 3a: Add Sj and R]

-20dB, -12dB, -3 dB IL at 4 GHz

Tx Eq:
A
- M
8Gb PRBS combiner + [\ calibration \-—:{) Replica \- Test
Generator ‘ channel . channel i equipment
A A A ¥ i : 1 ]
TP1 TP4 TP5 TP2
NG L~ |
Rj Sj Diff CM )
source source noise noise Post proc scripts:
ARx pkg model
EH adjust ABehav CTLE/DFE
ABehav CDR
Measure Sj, Rjat TP1 l e

EH: depends on calib channel
EW >=0.30 Ul
Both at 10"%? BER

A Vswing, Sj and Rj are calibrated at TP1 with no postprocessing.

V Sj: 100 MHz, 0.1 Ul
V' Rj: 2.0 ps RMS over 1.5/10 MHz to 1 GHz, spectrally flat

A The assumption is that Sj and Rj remain unchanged after
propagating through the channel

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved
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PCI >

EXPRESS

= Step 3b: Add Diff Interference

10

15 -

20 -

25 -

-30

total IL this goes into Sigsim, loss=-22.1916

Diff noise multiplier is 4.6854

IL from TP1 to TP2P
is-13.5dB
or 1/4.7

a

1 1 1 1 1 1 1 1
0.5 1 1.5 2 2.5 ] 3.5 4

1 ]
a5 5
% 10°

A Differential interference at 2.1 GHz is calibrated at TP1.
A Voltage of interest is at die pad
A

To determine what the magnitude needs to be at TP1 to get correct
diff noise at pad of reference package (TP2P) the magnitude of the
diff noise at TP1 needs to be scaled.

V In this example that factor is 4.7

PCI-SIG Developers Conference
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eatl__ Step 4. Construct PRI
¢ Recovered Eye at TP2P
no RX DCC (SigSim)
BER Caontour = 1e-012
" 0 Max EH= 0.0352584 Max in lim= 0.035254
hin EH= -0.0036657
0 l Eye width in Ul= 0.3024
Ix LN ;
L [T : ' ' 0.04
-8 ™1 1 11 %: 0.02 >
|e° SRR 109 1010 § :D:Dd_
i Freu..e:u,- {Hz) 0
-0.08
Figure 4-19: Loss Curves for Behavioral CTLE o1 . . . . . .
20 40 TiminSDDﬁSEt ) 80 100 120
A Stressed jitter test:
V EH =0.25-0.35 mVPP
vV EW=0.3Ul
V EW tuned by adjusting Rj source
A Stressed voltage test:
V EH =25, 50, 200 mVPP for three calib channels
V EW =0.3-0.35 Ul
V EH tuned by adjusting amount of diff interference
A SIGSIM tool implements exhaustive search to find best Rx eq settings
40
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*'

8G Recelver Com

R}, Sj added

\ by BERT

CLK P @
CLk N @

4/

PCI >
EXPRESS

pliance

Inject DM or CM

TWD\T‘

Aux_CLK out @

Calibration
channel

De-emphasis
TX_P Data_in
TX_N  CLK_in

RefCLK_P
RefCLK_N

AReplace scope with DUT
ADUT operates in loopback mode
ABERT returns pass/fail based on comparison of Tx/Rx data

PCI-SIG Developers Conference
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~" 8G Receiver Testing

A Stressed voltage test

V Tx equalization may be adjusted as required to yield
best BER

V Generator must support one pre-cursor and one post-
cursor tap

A Stressed jitter test
V Tx equalizer may again optimize its settings
V Sjis set to a value allowing Rx CDR to lock
V S swept from 0.03-100 MHz as per Spec figure 4-74
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Temperature
Controller

Heater/chiller
module

RX_LO_P
RX_LO_N

RX_L15 P
RX_L15_N

AmonV

T Yeie .
RX ngh-Z Measurement

Vpp Supply
(may be zero)

Pos/Neg
DC Voltage
Source

DC Current
Meter

The data from this measurement generates an |/V curve that can be converted
Into a resistance vs. voltage plot and compared against

Zy-HiGH-IMP-DC-Pos @Nd Zgy HiGH-IMP-DC-NEG

PCI-SIG Developers Conference
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Ve
Rx High-Z Procedure

A Zax-nicH-mp-pe-pos AN Zgy HiGH-IMP-DC-NEG

PCI >

EXPRESS

A Reset the platform while keeping the interface from the

start of link-training (ie. Rx Rterm should NOT be

enabled).

V Drive DC voltage into the DUT and to measure the current

through the D+/D- loop.

V Measured on 6 parts: 2 FF, 2 POR, and 2 SS

V VT conditions

I Temperature :
I Temperature :
I Temperature :
I Temperature :
I Temperature :

High, Voltage High
High, Voltage Low
Nom, Voltage Nom
Low, Voltage High
Low, Voltage Low
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T Vsie

Part 2

Channel Compliance
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¢ Channel Compliance

A Simulation based, time domain methodology

A Based on the same principles as PCle 2.x but with
enhancements
V Channel under test is represented by a fully-coupled
die-pad to die-pad model
I S-parameters or equivalent (modeled or measured)

I Tx and Rx behavioral models capture worst case reflection and
package loss

V Statistical simulation of channel using worst-case Tx
swing and jitter with refclk jitter seen at Rx

I Tx/Rx equalization is optimized to maximize eye opening

A Open source simulation tool (seasim) is available
to SIG members for download
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ISIG

PCI >

EXPRESS

Behavioral Package Models

Behavioral package models
assume a flip-chip lossy organic
substrate of worse case length

Rx: cpad=0.8pF, cpin=0.25pF
Tx: cpad=1.0pF, cpin=0.25pF

. = L T
Pin i, _ D|e pad
C Tt C
J,c4 Lo | e J/
I-C—c_:pln T ‘C=epin = C=cpad IC =cpad
-
—— port#1  port#2 —e Fyin = 0 GHz
Pin Pad Fuyax = 20 GHz
DF =10 MHz
— port #3 port #4 —— Format: Mag/Phase
Port designation
-

"\ Behavioral Tx and Rx
package models are
provided with the
specification

Models are provided as
J 12-port s-parameter files

PCI-SIG Developers Conference

with no pair-pair coupling

Copyright © 2011, PCI-SIG, All Rights Reserved

47



PClH ¢ PCI >

™" Behavioral Tx and Rx EQ

A Tx: same as defined for transmitter

V 3-tap FIR, implementing pre-shoot and de-emphasis

V Can be modeled with the 11 Tx presets

V' Or coefficient tuning: 1/24 resolution,C-1 O 0. 167, C+1
A Rx: 1st order CTLE and 1-tap DFE

V CTLE: ADC range: -6 to -12 dB, first pole 2GHz, second pole 8GHz

V DFE: 1-tap £30mV range, data sample offset £0.1UlI

A Simulation tool is required to find the optimum combination of the
three equalizers

V Maximizing eye height x eye width

A Behavioral Tx and Rx assume 2 x 50Y impedance, which
corresponds to the assumptions made for stressed eye calibration
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T Veis

Trxcrupw-ry = (Trxcupwata T Trxupwi-papp)/14.06 = 1.00ps

Trx-cH-upw-p3 = Txupwa-piop = 10ps

Trx-churs = SArt( jit_hfri_nui® T (Trx.chupw-rs™0.707)* + Trercik-rms” ) = 1.55ps

Trx-cH-upaop = Trx.ups-op | (Trxupwi-pipp)/2 = 7PS

PCI >

EXPRESS

' Behavioral Tx Jitter Parameters

Symbol Parameter Value Unit
oy CH-FS-NO-EQ Full swing Tx voltage 804 mVPP
VIX-CH-RS-NO-EQ Reduced swing Tx voltage 402 mVPP
s Tx uncorrelated Rj 1.55 ps RMS
T %.cH-UDIDD Tx uncorrelated DjDD 7.0 ps PP
T cH-UPW-RI Uncorrelated PW Rj 1.0 ps RMS
Trx-cH-upw-pJ PW F/2 DDj 10 ps PP

F s e E e e Tx Gaussian 10%-90% rise time 35 ps

PCI-SIG Developers Conference
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*® Channel EH/EW Limits

PCI >

EXPRESS

Symbol Parameter Value Units Comments
Vs Eye height 25 (min) mVPP Eye height at BER=10-1?
T rcrew Erﬁ;v%dgth at zero 0.3 (min) ul Eye width at BER=10-12
T R%.DS.OFFSET Peak EH offset from Ul | ND.1 ul
center
V R DFE.COEFE Range for d, DFE N3O mvV Added for Rev 0.9
coefficient
<— Eye Width ————»
"""""" i—--------------7—'-- i
! — /\
.......... Eye — '
EH/EW MaSk Height Do~ '
T —— Zero
""""""""""""" T crossing
T <+ ND.1Ul |
Median Ul
Center

PCI-SIG Developers Conference
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=@ Veritying Ve pLe-peT-DIFF-PP

A EIEOS sequence must be detected by Rx

V' VRx-bLE-DET-DIFF-pp 1S175 MV (min)

A May be simulated either as pin-pin or as

pad-pad

V' pin-pin limits are defined by Viy gieos-Fsrs at TX

pin and Vgy o e-peT-DIFF-pp @1 RX PIN.
V Pad-pad values are included in spec to allow

reuse of pad-pad sim model required to obtain

PCI >

step=20in_chan_from_01_14 2010
job=20in_chan_from_01_14_2010
Ul=125.0ps adapt_FOM=area bw=8.0GHz
txc=[-0.042,0.958,0] rxc=[-27] DC=-10.0dB fp=2.00GHz

. CH-IDLE-EXIT=231.2mV

0.00 TX-BOOST=9.5dB

Volts

| Seasim Example Plot

EXPRESS

EH/EW limits e |
5 i : i 5
ul

Parameter Description Value Units Comments

V CH-IDLE-EXIT-pp Idle detect voltage seen at the 172 mVPP Assuming Rx RTERM of 2x50W
Rx die pad

Vi IEOS.ES VD PP voltage during Vb interval at | 255 mVPP Assuming Tx RS of 2x50W
behavioral Tx die pad for full
swing signaling

V eH-EIEOS-RS-Vb PP voltage during Vb interval at | 237 mVPP Assuming Tx RS of 2x50W
behavioral Tx die pad for
reduced swing signaling

PCI-SIG Developers Conference
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" Statistical Simulation

A Spec written to be simulation tool agnostic
V Spec defines only the requirements for tool
A Sim tool inputs

V' Step responses of victim and aggressors generated from die-pad
to die-pad channel model

V PCle 3.0 simulation conditions
A Operations
V Calculates the optimal equalizer settings
V' Converts voltage/jitter from Tx die-pad to Rx die-pad
V Calculates a 2-D statistical eye diagram
A Outputs
V Statistical eye width and height using pass/fail criteria
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PCI >

EXPRESS

Seasim Tool Flowchart

Random data T

Step response ) ]
victim and PDA PPy
. CTLE
aggressors Equalizer
Optimization

and Apc
EQ search Aggressor DEE
space and =——3>{ Center >
FOM Alignment TXEQ >

-

PCI-SIG Developers Conference

TTX-CH-UPW-RJ ﬁ

TTX-CH-UPW-DJ

Copyright © 2011, PCI-SIG, All Rights Reserved

Voltage
step
statistical
convolution

~N

J

Time L(;(;l?:lte
statistical measure
convolution
eye
TTX-CH-URJ

TTX-CH-UDJDD

A Seasim outputs

Vv

< << <

Log file

I Measurements and sim conditions
2D eye PDF picture
Freq and Time domain plots
EIEOS plot
2D PDF data file
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™ Simulation Conditions

# This contains all of the default settings for Gen3

# channel compliance

-

I ;

ui 125e -12 # Time in secs

scale_ypdf 2.0 # ratio of equalized step to output PDF

nui 80 # Search length back from cursor

isi_xtalk_ratio 4 # Ratio vpt to max ISI and Xtalk magnitude

aggr_align center # Align all aggressors to peak of eye opening
\ BER le -12 # BER used to measure eye opening
(jit_seconds True # Allow seconds to specify jitter values

Jit_pwr] le -12 # PWJ RJ (2%it_hfrj)

Jit_pwddj 10e -12 # PWJ pk - pk dual - dirac jitter (2*jit_hfdd))

jit_hfrj_nui 1.375e -12  #nui - cycle RJ

Jit_Ifrj 1.63e -12  # Gaussian sigma post channel jitter
\jit_lfddj Te -12 # dual - dirac post channel jitter
/~ adapt_DC [ -12, -11, - 10, - 9, - 8, - 7, - 6] # DC gain of CTLE in d

adapt_pole [2e9] # CTLE fixed pole location

adapt_Cspace 24 # Coefficent space size

adapt FOM area # eye height * eye width FOM

adapt DFE_mag [0.030] # Number and dynamic range of DFE taps

leq_bw 8e9 # HF roll - off of equalizer
\max_ds_offset 0.1 # Maximum data sample offset center in Ul

|
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PCI >

EXPRESS

Seasim Output Plots

PCI-SIG Developers Conference

step=20in_chan_from_01 14 2010
job=20in_chan_from_01 14 2010
Ul=125.0ps adapt FOM=area bw=8.0GHz
txc=[-0.042,0.958,0] rxc=[-27] DC=-10.0dB fp=2.00GHz

pwrj=1.00ps' pwddj=10.0ps
Ifrj=1.63ps Ifdd)j=7.0ps
PAZINVE UT)=35.87ps

‘‘‘‘‘

—-—
-
-

-
-
=~ =

ehpk=31.5mV (ehc=23.1mV oeh=306.3mV)
ew=0.393UI T)=75.8ps (ewoff=-0.110UI ehoff=-0.055Ul)
lanes=3 nui=80 ch=6
0201 0 01 02 03 04 05 06 07 08 09 1 11 12
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