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Py PCI =

** Topics

= PCIl Express® Overview

= Enhancements for 8GT/s

= Target channels for the specification
= Electrical signaling

= Transmitter

= Recelver

= SEASIM
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S . EXPRESS
Electrical Features

= Data rates 2.5GT/s, 5GT/s and 8GT/s
= 10-12 bit error ratio

= AC coupled

= Link widths 1, 2, 4, 8, 16, 32 lanes

= Hot swap capable

= 2.5and 5GT/s scrambled + 8b10Db

= 8GT/s scrambled + 128/130

= Power management
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- PCI =

** Doubling from 5GT/s o

= Major goal was to make PCle® 3.0 evolutionary

v Support existing usage models

v" Preserve Common Reference Clock and Data Clocked modes
v" Re-use of 5GT/s reference clock generators

v" Re-use of silicon PHY architectures

= Evaluated channels at 10GT/s and 8GT/s
v" 10GT/s would have allowed 8b10b coding to be preserved

= Shown that a non-linear increase in difficulty to reach 10GT/s
v Increased channel improvement cost
v" Increased power in silicon
v" Increased difficulty for eco-system

= Concluded the cost of changing encoding acceptable

v" A new scrambled encoding scheme was developed
v' Efficiency 20% better than 8b10b
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% 8GT/s Enablers

= Receliver equalization required
= |ntroduce statistical channel analysis
v" Channel compliance & simulation with behavioral Tx/Rx

= Mitigate baseline wander & crosstalk
v Polynomial choice of 128/130 code on individual lanes

. ~23 4+ x™21 + x~18 + x~15 + x~7 + x°2
v’ Baseline wander: (xied T T iy T T
| | | |

4_
Sk max=2.3mV
0
=7 ‘

min=-2.3mV
4
6.0 0{2 0‘.4 0.‘6 0.‘8 1‘.0 1.2

xle+7

v LFSR offsets between adjacent lanes reduces simultaneous switching

lane =

-I_ time >

Red: vict+2aggr; pink: vict+laggr; black: vict only
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Target Channels
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- PCI =

** PCI Express Channels o

= Channel specification

v"No formal spec for 2.5 and 5GT/s
— Channel budget implied

v 8GT/s introduces time domain spec

v Card Electromechanical (CEM) spec sets limits and
measurement points

= Two worst case models assumed

v Client CEM

— Short to medium length (3-127), reflection and crosstalk
dominated

v Server CEM
— Medium to long (20”) loss dominated
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™ Client Channel

Typical Client Topology

job=casel00_11.60

le—9
5 . . ! £ 0.0
i ; & IL=-16.2dB
oL i AASNR=13.3dB |
i : O RxRL=-4.2dB 4
:" ; Q TxRL=-3.3dB
— { [} f =,
> '1* “‘A : v 05
) - | H
=10 ke " h‘if JI TR I .. e b
1] \ | o
-15 | IO PP 14T e -l.o0g
2 | ' 3
=20 i @
: g
-25 i -5
L N
v 18Pyt gt ! .
—30 TN T \;1-..‘.15‘..:.\5‘........... - AN
£ ~r * . H
] . AP | I S | T, T | W L]
Y AN MW
1 : % i Iy 0
N A A LA At By, WO
0.0 0.2 0.4 0.6 0.8 1.0 12 1.4
Hz 1=10
Touchstone files: Left_peorts: Right_perts:
caps_shunt_0.80pFs12p [1.35.7.9.11] [2:4.6.8.10.12] — L (9,10).{3.4]
G34 L3 3lanesl?p [1,7.3.4,5 6] [7,8,9,10,11,12] — FWTL (2,104,(1,2)
G234 skis3ap [1.23.4.56] [20,21,22 23,24,25] | — FATZ (2.10).(5.6)

etch_ustrip_s5_z70_D.e0inch.s12p
etch_ustrip_s30_z70_2 00inch s12p
ccap_0603.512p
etch_ustrip_s30_270_5.00inch.s12p
caps_shunt_0.20pFs12p

[1.3,5.7.9.11]
[1,3,5,7,9,11]
[1,357,511]
[1.25.7.8.11]
[1.35.7.9.11]

[2,4.6,8,10,12]
[2,4,6,8,10,1%]
[2,4.6,8 10,12
[2,4.6.8,10,12]
[2.4.6,8,10,12]

poiex_conn_thruhole_recessed_uptol? _nngport_&mm_NEW.s12p

etch_ustrip_s30_zT0_4.00inch.s12p
ON_MEB_BLyrs VIAS 3pairs HFSS5.512
Tahiti2564_SUB_1221 PCIE_Tx.512p
caps shunt 0.40pFsl2p

Cascaded touchstones

RxeTx ports = {(9,10),(3,4),((8,10),1,2)),((9,10),[5,6))

[7,8.9.10,11,12]

[1.35.7.9.11]
P [1,2,3,4,586]

[7.8.9.10,11,12]

[1,35.7.9.11]
2.3.4.56]

[1.2.3.4.5.6]
[2.4.6.8.10.12]
[7,8,9,10,11,12]
[1.2.3.45.86]
[2.4.6,8,10,12]
[7.8,9,10,11,12]

= = sum_aggr
= RxRL (9,10),12,10}
= TxRL (3.,4),(3.4)
—— IL Phase Delay

L] :

-

[]

PCle Technology Seminar

4-layer microstrip 3-7” with PTH via stubs
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Server Channel

PCle Technology Seminar

o
=

l Typical Server Topology

job=s12p Txpkg 6420 10_b.512p)(1..3_3EOD.+++512p_Rx_pkg_642010_b.s12pfél_g.006_3

. | : 0.0
, IL=-25.9dB
QKo X ER T8 AdB d 05
O RXRL=-4.2dB
OTXRL=-33dB | ,,
....... e M A pkIL=-25.9dB |7+

pkICR=16.2dB ]
0O pkRxRL=-4.2dB{ 1.5 %

20 .~ O pkTxRL=-3.0dB |
1-2.0%
4
—30L.-}- ——2.52
o
41-3.0
—AQ Ly
e e N -35
-50 ALV Y W ‘lK\ \ \ . . v0.57
0 1 2 3 4 5 6 7 8
1a0
Zo=[50,50,50,50,50,50,50,50,50,50,50,50]
N Touchstone files: :"— (9,10),(3,4)
1s12p Txpkg 642010 b.s12p FXT1 (9,10},(1,2)
1512p_pin2pin_642010_b.s12p = FXT2 (9,10),(5,6)
1s12p Rx_pkg 642010_b.s12p :Is‘éll;n_aggr
Rx<-Tx ports = [[(9,10),(3,4)],[(9,10),(1,2)1,[(9,10),(5,6)]] = RxRL (9,10),(9,10)
—— TxRL (3,4),(3,4)
—— IL Phase Delay

6- 8 layers, 20”, 1 or 2 connectors

Stripline with via stubs
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e Bidir TDR of 2-Connector £
Server Channel

job=12L sline_nomZ_ 2conn_FOM-area Tx400fF_05 04 01 04
RxZo=100.0ohm TxZo=100.0ohm bw=10.0GHz
T T T

110

BGA Package

= TxTDR (3,4),(3.4)
2.5

Connector transitions clearly visible in TDR data

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 10



ey 8.0GT/s Statistical Channel g
Analysis

Tx Clock Rx Sampling Clock

i
) Lossy
/ 8.0GT/s

’! Channel impulse specification

plane

X response

Statistical ISl
.-LI&./ Analysis

TX Jltter 190 Pre-aperture Post-aperture
distribution BER eye BER eye
Equalization _ .
C?)efficients Xtalk impulse Rx sample timing &
responses voltage uncertainty

distributions
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Electrical Signaling
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SIG EXPRESS

Transceiver and Channel

Rx Detect AC Coupled Channel Tunable Rx EQ
™ TT1t || _—____ ZZ _______ 8GT/s
% . S

| ! (|
R S O SR S
| | ; RX
o I | e e
eoo / ......... vem i
B = Channel
ey l —————— . :
——H . !
R T e S ¢ G
i I
Rx 7 {} i i R T N e
Vem - ce o
"""""""""" X term
Optional = =
on-die AC coupling
for 8b10b TX EQ
8GT/s allows floating 2-tap 2.5/5GTl/s,
Rx common-mode 3-tap 8GT/s
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- It De-Emphasi
4 : , . FD Insertion Loss _
: 5 ; : : [IL=6.0dB
5L ~ Ollstep=6.0dB
ol SO FOSSUOOR VOO VOIS SO AR M| Transmitter circuits use De-Emphasis
Ll R e : to equalize the frequency response of
g T i the channel in order to minimize inter-
| ____,;'4?”;’”'”"”' H symbol interference
_6--—-" :_
sl ]
i : L .
0T s 3 s 50 s 1% Available Equalization Settings:

| Mz 1e9 2.5GT/s: [-3.5dB]
P S RV SRS SR SN 5.0GT/s: [-3.5dB, -6dB]
5 ~ TVrxDiftPp 8.0GT/s: [-3.5dB, -6dB, pre-cursor]
| * coefficient tuning space

i : :

t V/Tx-De-Emph-PP

=== vict step
= eq step

: eq pulse

= vict

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 14
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eet_ De-Emphasis Pulse &

PCI >
EXPRESS

Frequency Domain Response

step=s12p _Txpkg 642010 b.s12pX1..2 _3CDC..s12p_Rx_pkg 642010 b.s12pX1
job=s12p Txpkg 642010 b.s12pX1..2 3CDC.+++s12p Rx pkg 642010 b.s12pX1 8.00G 3
Ul=125.0ps adapt FOM=None TxBw=16.0GHz Vpkpk=0.8V RxBw=16.0GHz

10 . . : -xe=1]
! OIL=-9.3dB
5| ... OlLstep=-9.1dB
: i
G
: i
- ]
o
—151}-- R :_
ool I
: i — i
—75L. Gl vict step
: . — eq step
: ! eq pulse
; ‘ s o Y
2.5 3.0 3.5 4.0 » aggrl ac
1le9 " aggr2 ac
LIS ’ ==1 === sum_aggr

Inter Symbol
Interference

PCle Technology Seminar

ehpk=263.4mV (eh

ew=0.765Ul, 95.6ps (e

step=s12p_Txpkg_642010_b.s12pX1..2_3CDC..s12p_Rx_pkg_642010_b.s12pX1
job=s12p_Txpkg_642010_b.s12pX1..2_3CDC.+++s12p_Rx_pkg_642010_b.512pX1_8.00G_3
UI=125.0ps adapt_FOM=None TxBw=16.0GHz Vpkpk=0.8V RxBw=16.0GHz

step=s12p_Txpkg 642010 b.s12pX1..2 3CDC..s12p _Rx_pkg_ 642010 b.s12pX1
job=s12p Txpkg 642010 b.s12pX1..2 3CDC.+++s12p Rx pkg 642010 b.s12pX1 8.00G 3
Ul=125.0ps adapt FOM=None TxBw=16.0GHz Vpkpk=0.8V RxBw=16.0GHz

10 txc=[0.751,-0.249]
: : : OlL=-3.3dB
5L ... 0OlLstep=-9.1dB
| | i
H N1} p - 7 H " .
0| Flatened “equalized” response |
_ael ; : ; ' === yict step
25 : :— —eq stelp
: : : eq pulse
30— - | L L 1 | L IS — vict
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 | s aggrl ac
le9 " aggr2 ac
0.4 T oooooo- _______'_______'._______'_ --- sum aggr
030 _
0.2b
> N
0.0 § v ; .
I : : : step=s12p_Txpkg_642010_b.s12pX1..2_3CDC..s12p_Rx_pkg_642010_b.s12pX1
: . : : job=s12p_Txpkg_642010_b.s12pX1..2_3CDC.+++s12p_Rx_pkg_642010_b.512pX1_8.00G_3
e | by e
1o g
1ol
I 11 | |
3 -2 -l f 2 3 4 5 6 7
ul
' —————
/] NN
' e \

Reduced smearing into
next symbol Ul

ew=0.845Ul, 105.6 0
lan Ui=80 cb=6

0.075U1)

0201 0 01 02 03 04 0506 07 08 09 1 11 12
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™ Tx FIR EQ Definitions

k k
Vix =Vex D Cabmpn and > |c,|=1
n=0 n=0

V., is output voltage and V,, the peak voltage
k is number of Tx coefficients

d is vector of +1 and -1 for logic 1 and 0

m is the index into the bit stream

For a 3 tap Gen3 FIR c, is positive and

c, and c, are negative

data is delayed by 1UI

For data stream 00010111
Vo =land t,=-c,; t =c;
000 —» +t, -t +t,

001 — —t, —t, +t,

011—> -t, +t +t, > Va
111> -t,+t, —t, >Vb

110 > +t, +t, —t, > Vc

PCle Technology Seminar

EXPRESS
1o - - deemphasis R
05 PK
00F-——- Y_____]
-0.5¢F /
i preshoot |7~~~ ~""""""""77
0 260 4(|)0 660 SOIO 10|00 12b0 14|00 16b0 1800
: Vb
deemphasis = 20log,, —
p glOVa
Ve
preshoot = 20'0910\/_b
Fully specified by
V1x-pe-raTio (0 10 -8dB)
V1x-ps-ratio (0 t0 +3dB)
16
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Transmitter

PCle Technology Seminar
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ISIG

Transmitter Reference Plane

= Reference plane is DUT pin
v"Most convenient manufacturing boundary

= For 2.5 and 5GT/s
v Package losses are part of Tx performance

= For 8GT/s die pad, package route and package
pin interactions are more significant

v Makes fixture de-embedding inaccurate
v Tx EQ and jitter measurements inaccurate
= Use data-dependent jitter separation
v’ Effectively measure Tx jitter at die pad
v"Use LF measurement technique for presets at pin

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 18
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ISIG

Transmitter

= Differential ~100o0hm transmitter
v' FS: 800-1200mV, HS: 400-800mV
v 0.75Ul eye opening

2.5/5GT/s 2-tap EQ
v' FS: -3.5dB and -6dB, HS: 0dB

8GT/s 3-tap EQ

v 10 presets, min boost 8dB, coefficient tuning space

AC coupled channel series capacitor

v 2.5/5GT/s 75-265nF
v 2.5/5/8GT/s (Rev 3.0) 176-265nF

Return Loss
v' SDD11 -10dB 2.5GT/s, -8dB 5GT/s, -4dB 8GT/s (differential)
v' SCC11 -6dB, -3dB 8GT/s (common-mode)

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 19
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“ PCle 3.0 Tx Jitter

= PCle 3.0 Tx jitter is separated into two categories

v' Data Dependent: package loss, reflections, ISl
v Uncorrelated Jitter: PLL jitter, power supply, duty cycle error

= Pulse Width Jitter (PWJ)

v' PWJ is a subset of uncorrelated jitter
v PWJ is amplified by channel loss
v' Edges are assumed to be independent

= Relationship between pulse width jitter and edge jitter

v" Important for measurement and channel simulation tools
Edge jitter—m! |
1

PWJ = PW,__-PW._
min [y | max | [ Edge Jitter RJ = PWJ_RJ/N?2

I
[ I
I I .
I +PW+ L | Py Edge Jitter DJ= PWJ _DJ/2
[ I
[ I

- L —-

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 20
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Recelver

PCle Technology Seminar
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ISIG

Recelver

= 2.5/5GT/s open eye specification, validated at device
pin, package included in device budget

v Eye height 175/120mV 2.5/5GT/s
v Eye width 0.4/0.32UI 2.5/5GT/s
v" AC common-mode 300mV pk-pk

= 8GT/s closed eye at pin, specified after applying
behavioral receiver

v Defines minimum Rx EQ performance

v Used for both Rx stressed eye calibration and channel
compliance

v Eye height 25mV 8GT/s
v Eye width 0.3Ul 8GT/s

v" AC common-mode 150mV pk-pk (EH<100mV) 250mV
(EH>=100mV)

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 22
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e . EXPRESS
Recelver Cont.

= Termination

v 1000hm differential

v 500hm common-mode

— Ov common-mode for detect

— At 8GT/s Rx allowed to float common-mode
* Requires LTSSM changes to avoid dead-locks

= Differential-mode return loss
v 10dB 2.5GT/s, 8dB 5GT/s, 5dB 8GT/s

= Common-mode return loss
v 6dB 2.5/5GT/s, 5dB 8GT/s

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 23



PCi ¢
*

Block diagram of CTLE and 1-tap DFE

: |

v CTLE

step=s12p Txpkg 642010 b.s12pX1

job=s12p Txpkg 642010 b.s12pX1 8.00G_3

Ul=125.0ps adapt FOM=None TxBw=16.0GHz Vpkpk=0.8V RxBw=16.0GHz

txc=[1]

10 T T

OlL=-4.7dB
OlLstep=-4.4dB

=== vict step
= eq step

eq pulse
= vict
menn gggrl ac
e gQQr2 ac
~== sum_aggr

0.3 it R St S S step=s12p_Txpkg_642010_b.s12pX1

job=s12p_Txpkg_642010_b.s12pX1_8.00G_3

0.2 B B ] B ' ' ' : : : UI=125.0ps adapt_FOM=None TxBw=16.0GHz Vpkpk=0.8V RxBW=16.0GHz

> 0.0

PCle Technology Seminar

0201 0 01 0203 04 0506 0.7 08 09 1 11 12
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PCI >

EXPRESS

™ Behavioral Rx DFE

—d,*sgn(Y,—1) = DFE summer Vdiff output

Y*.= Decision Fn output voltage = |Yx |=1

X, = DFE Vdiff output voltage

d, = DFE feedback coefficient

K= sample index

step=s12p Txpkg 642010 b.s12pX1

job=s12p Txpkg 642010 b.s12pX1 8.00G_3
Ul=125.0ps adapt FOM=None TxBw=16.0GHz Vpkpk=0.8V RxBw=16.0GHz

txc=[1] rxc=[-50]

OlL=-1.9dB
OlLstep=-4.4dB

=== vict step
- eq step
eq pulse

| | | | | vict

1.5 2.0 2.5 3.0 3.5 4. s 3ggrl ac
le! e 3ggr2 ac

o

| T sum_aggr

step=s12p_Txpkg_642010_b.512pX1
Job=s12p_Txpkg_642010_b.512pX1_8.00G_3
UI=125.0ps adapt_FOM=None TxBw=16.0GHz Vpkpk=0.8V RxBw=16.0GHz
txe=[1] rxc=[-50]

[ 3nu
0201 0 01 02 03 04 05 06 07 08 09




Rx Linear EQ

fpolel=2GHz fpole2=8GHz Closer polelis to

0 ! \ 7] 1 | 4GHz the more

8GT/s reference EQ params, attenuation at bit

: . rate
) S P ————— — 7 e O =
s : '
H(s) = sCRR, +R, . 1 8GT/s Tuning Range :
SCRR,+R +R, sC,R,+1 1dB stepsize | /0 S
s : '

R w h 1 !
H(s)=—32— SZ S I e i Losvcsssase .
R+R, 5 +1 —+1 T I

Wp, Wp, 0 : 5 !
R, H sl ALY 5 .
Coc =R LR z | Fully specified by
o, = PR et DCgan (dB)
C,RR : 5
o g | FroLer (H2)
L :ﬁ:GDCwPl 12— ---------------------------------- FPOLEZ (HZ)
11 i : 1
o = | | :
Py = i i 1
C,R, =14 108 10° 10%°
freq Hz

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 25
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~“ Receiver Compliance Testing

For Common Clocked Refclk
Rx Architecture Only

Low itter |_______ "~ o - T 4 ____.
Clock I
001-15MHz R] —= i 100 MHz
Clk |
0.01-15MHz D) — ~ \ Y
Mod -\ Calibration :: ;
2 — Pattern z R [>
I t | C
15100 MHz Rj [ " Generator ) Channel
= VIkZ
J ? Receiver BER
Under
DM/CM Test
1.5 - 100 MHz Dj > Crosstalk

Stressed eye calibrated at pin reference plane
Error rate measured using loopback
Pass BER 1012

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 26
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8GT/s Calibration Channels

Breakout + Short Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
1.0+ 1dB8—2=F l ——
- 7 Tt 1 g—-25%1dB@4GHz
40+ 1dB—f | =
6.5+ 1.5 dB—xﬁ"'”“J:::H%_I% L
0 4o — e e I
% 10 T T 1"“‘“"-%-1-%%_&_% —-12+t2dB @ 4 GHz
S .15 - s
%) \ l \
-20 +—-20£2dB @ 4 GHz
\ @
'25 1T 1T 1 1T 1T 1 ] LI | | L 1T T 1

1.0 1.5 2.0 2.5 3.0 3.5 4.0
Frequency (GHz)

Frequency domain mask used for ISI stress to match tuning range of Rx EQ

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 27



ot 8GT/s Recelver Jitter
Tolerance Testing

0.03 MHz 100 MHz
| S) Sweep Range |
2a 10Ul—-—- 20 dB
o _ | | Decade |
&3 | i : S
a 01Ul —----- i i oo
i | . R
~ 3.0 ps RMS —-----  EREEEEEEE T ———— - :
] | | |
0.01 MHz 0.1 MHz 1.0 MHz 10 MHz

100 MHz 1000 MHz

Validates that Rx can track LF jitter from refclk and Tx

PCle Technology Seminar
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Seasim

PCle Technology Seminar
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=y High Speed Channel ob-2
" Simulation Challenges

= Channel response at >4GHz is affected by large
number of features in the channel

v'Pre-layout evaluation of topology choices is a
complicated multi-dimensional problem

v"Need to be able to quickly build and test many
different options

v'Large number of HVM permutations need to
be evaluated to determine robustness of
solution

= Seasim has been developed to allow EWG
members to efficiently evaluate these options

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 30
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Soic . . EXPRESS
Seasim Introduction

= A GUI form based interface

v" Underlying config file interface to seasim provides spec jitter parameters
for channel simulations

v" A simple form based dialogue tool added

v Tab based interface to group config controls by context
v Ability to save and load configurations

v Launch (and kill) seasim from GUI

= Touchstone channel modeling

v A set of Touchstone files can be cascaded to form die-pad to die-pad
channel

v A vector of left hand and right hand ports define connections between S-
parameters

v" Rx port and set of Tx ports define step responses to be generated
v" Tx amplitude and Gaussian bandwidth can be specified

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved 31
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™ Seasim Channel Analysis

asim—Q.Sl - proc_pcie3_tx_enablement.sea (root dir: C;\Introduction_To_SeaSim\PdE_’QL @lﬁ

File Include

u AI I OWS Wh at- If an aIySIS On the Ch an nEI  Main | S-Parameters I Jitter/Noise [ Equalizers l Step Responses | Configuration [ Sweep|

components by changing the Usetouchone fles 4 i
Touchstone files that are concatenated e, B : “

tog eth er for th e C h an n eI Job name proc_pcie3_tx_enablement

Step response relative path step_responses

|

B

Base name for step

S-parameter relative path  ../S-parameters

= Different analyses can be selected as

# N Touchstone files Input Ports Output Ports 2
i ¢ d’ 1 [ ]| |amp Processor/Socket 3
the Channel IS tune 2 1 packages/tx_amd_skt_pkg.s12p range(1,7)  range(7,13)
3 D Frocessor pin-escape and Motherboard
4 1 pinescape-via/12layer_pinescape_top2l10.s12p range(1,7)  range(7,13)
. H 5 _ 1 |sline/typloss/sline3p_1.00z_4_6_4_20_100ohm_typ_13in.s12p range(1,7) range(7,13)
u Elther a pre-saVEd CO nflg Can be |Oad ed 6 _ 0 |sline/typloss/sline3p_1.00z_4_6_4_20_100ohm_typ_0.1in.s12p range(1,7) range(7,13)
. . . 7 _ 1 ccap-via/12layer_accap_top2I3.s12p range(7,13) range(1,7)
Or the pCIe'genS.lnC for normal Slm 8 _ 1 |ustrip/ustrip3p_1.50z_s5_1000hm_typ_0.40inch.s12p range(1,7) range(7,13)
9 ‘ 1 |connector-via/12layer_connvia_top2bot.s12p range(7,13) |range(1,7) B
— il e % e ol

N

‘ Unit interval in secs 125e-12 # Time in secs

Total number of channels 3

|
conditions - - gl
\

= The other tabs allow simulation
conditions to be changed from the

. : adapt_pole=[2e9] # CTLE fixed pole location

de‘fau It CO nfl g : jit_seconds=True
: jit_pwddj=10e-12 # PWIJ pk-pk dual-dirac jitter (2%jit_hfddj)
: #sweep_yvars={"ch_idle_exit':172,'ew':0.35,'eh':34}
: stat_eye=True
: leq_zero=0.0
: adapt_DC2=[0]
: isi_xtalk_ratio=4 # Ratio vpt to max ISI and Xtalk magnitude (divisible by 2 or 1)
: rxcoeff=[0]
: adapt_DE=[]
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" Seasim Port Definitions

= =, = #  Seasim-0.51 - proc_pcie3_tx_enablement.sea (root_dir: C:\Introduction_To_SeaSim\PCIE3) [': ‘ &l -Zhr
= Touchstone tuple port definitions e -
v Reflects the S-parameter models o A
- - S-parameter normalized Rx port for steps 9,10 # Differential Rx port
I ntrapal r n et O rd er S-parameter normalized Tx ports for steps (3,4),(1,2),(5,6) # Differential Tx ports
0 0 . Re-normalize port impedance ohms 50
/ PrOVIdeS pal r-to-palr Tx peak—peaksoltagepinto port impedance 0.8 # S-parameter Tx pk-pk voltage
(Vl Ctl m/ag g re SSO r) re I atl 0 n S h | p for Tx Gaussian bandwidth 8e9 # S-parameter Gaussian bandwidth |
CrOSStaI k I nCl USIOn | Write steps from touchstones to stepfile basename !:‘ ‘
. || Write concatenated touchstones to filename |:j |
= Transmitter ports . |
TDR step bandwidth 10e9
I TDR time window le-9

v" Allows renormalization of port
impedance by providing a list of
terminal impedance values

v" Define transmitter pad differential
voltage amplitude

v' Transmitter bandwidth defined by !
Gaussian filter setting

= Receiver port

v Provide custom port renormalization
Impedance
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PCI >
EXPRESS

Seasim Jitter Configuration

" Seasim-0.51 - proc_pcie3_tx_enablementsea (root_dir: C:Introduction_To_SeaSim\PCIE3)

= Jitter

v Consistent jitter definitions with the
PCle base spec

v Default jitter settings can be loaded
with the default configuration file

v~ Jitter values can also be customized
using the field in the GUI and saved

= Noise

v" Random low frequency noise can be
defined in addition to the aggressor-
victim coupling present in the
Touchstone file

——

sl elS)

File Include

Use seconds for Jitter
Pulse Width Random jitter

Pulse Width Dual-Dirac jitter

Edge RJ Nui earlier than cursor

LF Random jitter
LF Dual-Dirac jitter
LF Uniformly distributed jitter

LF Random Voltage noise

™

1e-12 # PWJ RJ (1.414%jit_hfrj)
10e-12 # PWJ pk-pk dual-dirac jitter (2%jit_hfddj)
1.375e-12  # nui-cycle RJ

1.55e-12  # Gaussian sigma post channel jitter
7e-12 # dual-dirac post channel jitter

0.0

0.0

LF Uniformly distributed Voltage noise 0.0
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Seasim E

= Tx FIR Filter
v Can either fix pre-shoot and de-
emphasis or set coefficient search
space for adaptation
= Rx Linear Equalizer
v" Define pole/zero value or range of
values for adaptation
v' May cascade multiple continuous
time LEQ filters

Decision Fed Equalizer

v Can enable multiple DFE taps beyond
defaults

v" Can vary dynamic range of taps
independently

PCle Technology Seminar

PCI >
EXPRESS

gualization

e T
!' Seasim-0.51 - proc_pcie3_tx_enablement.sea (root_dir: C:\Introduction_To_SeaSim\PCIE3) =r

File Include

v”Step Responses[ Configuration | Sweep}

o

Include xtalk during adaptation v

VMain [ S-Parameters I Jitter/NoiseW
Adaptation FOM

Tx pre-shoot search space (priority) (d8)  [1
Tx de-emphasis search space (priority) (dB) []
24

Tx coefficient search space # Coefficent space size

LEQ1 DC gain search space (dB) range(-12,-5) # DC gain of CTLE in dB

I LEQ1 pole search space (Hz) [2e9] # CTLE fixed pole location
|| LEQ2 DC gain search space (dB) [0]

LEQ2 pole search space (Hz) [0]

Max Tx EQ boost (dB) 8.0 # Maximum Tx EQ boost in dB for Cspace search
" DFE taps and max magnitude (V) [0.030] # Number and dynamic range of DFE taps

If no adaptation EQ can be explicitly set below

|
| Tx pre-shoot (priority) (dB) 0.0
| T de-emphasis (priority) (dB) 0.0
: Tx EQ FIR coefficients [1]
|| LEQ1 DC gain (dB) 0.0
| LEQ1 pole (Hz) 0.0
LEQ1 zero (Hz) (provides gain if not 0) 0.0
' LEQ2 DC gain (dB) 0.0
LEQ2 pole (Hz) 0.0
LEQ2 zero (Hz) (provides gain if not 0) 0.0
Rx bandwidth (Hz) (1st pole) 8e9 # HF roll-off of equalizer
Rx bandwidth (Hz) (2nd pole) 0.0
LEQ response cPickle file of pole/gain/Hz
DFE tap values (V) [o0]

. —
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= Channel Step Response

"

SIG .
Seasim

v' Alternative simulation

providing channel S-parameter

models

v" Measured or simulated voltage-time
records of channel step responses
can be used directly for statistical

simulation

Crosstalk

v Independent waveforms can be |
supplied for the inclusion of aggressor |
coupling to the victim receiver |

v Can optionally offset the aggressor-

to-victim alignment

PCle Technology Seminar

Step R

eSPOoNnses

PCI >
EXPRESS

—
#  Seasim-0.51 - proc_pcie3_tx_enablementsea (root_dir: C:\Introduction_To_SeaSim\PCIE3) L:"—Eléj
File Include _ _
m ethOd to List of aggressor delays in UI ]
Auto aggressor alignment center v“
Aggr bit mask, 0=center, 1=edge, -1=0FF []
Differential aggressor numbers 0
Victim rise step template {%s_vict.rfs’(epl v
Aggressor rise step template l%s_aggr"/«:d.rfstepl v ;’
|| Victim fall step template %s_vict.rfstep0 v‘ 1|
| Aggressor fall step template %s_aggr%d.rfstep0 v‘ ||
||
! Dictionary of step names & Il
|
" Write fdomain insertion loss |
| 1|
| |
]
I
]
|l |
|
|
I
I |
I
||
||
1|
|
]
I
I
(I
]
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iSIG .
Seasim Sweep

#  Seasim-0.51 - proc_pcie3_tx_enablement_sweep.sea (rooEr. C:\Introduction_To_'SeaSim\PCIES)m]éj

= Seasim can be used to define HVM T B S
sweeps | o e ]

= The channel model can be swept to B ——— :|
represent manufacturing variations of | 2 mmeennee 2 2o2e s 7w
Impedance Or IOSS 2 3 tstone_ports,T,6 100chm 750hm

7 |[]

= To consider the impact of different o 1A

PCB layout the length of different — _

Concurrent sims, jobs per sim 4,1

channel segments can be swept N A

= Seasim will launch jobs in parallel u: ﬁ‘ |
then collect results and plot them —

List of Sweep Groups for x axis  []

Dictionary of "variable":limit {'ch_idle_exit':172,'ew':0.35,'eh":34}

List of anded text filters for y axis []
: Use sweep text for plot labels ] |

Plot sweep results ‘

(
| Delete logs

First 5 unfinished jobs:
proc_tx_sweep_new_09_01
proc_tx_sweep_new_09_02

Finished jobs 28/30

Submitted 30 sims of 1 jobs 30 jobs completed |
| Plotting... '
Plotting x=[] y={"ew': 0.34999999999999998, 'ch_idle_exit": 172, 'eh': 34}
Finished plotting [
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se Seasim Channel Simulation

PCI >

Freguency Response & Bidir TDR

é 74 Figure 1
job=proc_pcie3_tx_enablement
Zo=50 =
: . 18=3 o
! i ¢ IL=-17.9dB
0L ! A ICR=19.5dB
! ORxRL=-4.8dB 3

& pit=-19 10
A PkICR=13.8dB
0O pkRXRL=-3.6dB
O pkTxRL=-3.9dB

| | | | |
2N S
o o

Phase delay sec

N Touchstone files:
1 packages/tx_amd_skt_pkg.s12p
1 pinescape- vnallZlayer )mescape top2i10.s12p

1 ccap-via/l12layer : accap top2i3.512p ~

1 ustrip/ustrip3p 1 502z : sS 100ohm_typ_0.40inch.s12p
1 connector- wa/lzlayer connvia top2bot s12p

1 connector/PCIE_( Connéctor, Hngh Lloss 5 26 2011.s12p
1 AIC/AMD-AIC-RX-r3.5s12p

Rx<-Tx ports = [[(9,10).(3.,4)],[(3,10).(1,2)1.[(9.10).(5.6)1]

|2 (9.10),(3.4)
= FXT1 (9,10).(1,2)
= FXT2 (9,10).(5.6)
= = sum_aggr

—ICR
— RxRL (9,10),(9,10)
= TxRL (3.4).(3.4)

——"IL Phase Delay

' - _—) = . |

120

PCle Technology Seminar

job=proc_pcie3_tx_enablement

RxZ0=100.00hm TxZ0=100.0chm bw=10.0GHz

= RxTDR (9,10),(9,10)

06 0.8 Lo
le-9

T

DT e A N —_——

—— TXTDR (3,4),(3,4)

04 0.6 08 10
le-9
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Seasim Output Eye &

PCI >

EXPRESS

Equalized Freq & Time Response

- —

o

& Figure 2

=
74 Figure 5 ]

step=packages/tx_amd_skt_pkg.s12p..9 _C8CC..AIC/AMD-AIC-Rx-r3.s12p
job=proc_pcie3_tx_enablement
Ul=125.0ps adapt_FOM=area TxBw=8.0GHz RxBw=8.0GHz
txc=[-0.042,0.958,0] rxc=[- 21] DC=-8.0dB fp=2.00GHz

pwrj=1.00ps pwddj=10.0ps

Ifrj=1.55ps Ifddj=7.0ps
EXELO T)=35. 85ps

ehpk=54.4mV (ehc=46.0mV oeh=349.5mV)
ew=0.477Ul, 59.7ps (ewoff=-0.103UI ehoff=-0.035Ul)
lanes=3 nui=80 ch=6
0201 0 01 02 03 04 05 06 07

v0.51

08 09 1 11 1.2

200+ BE

PCle Technology Seminar

step=packages/tx_amd_skt_pkg.s12p..9_C8CC..AIC/AMD-AIC-Rx-r3.s12p
job=proc_pcie3_tx_t enablement
Ul=125.0ps adapt_FOM=area TxBw=8.0GHz RxBW=8.0GHz
txc=[-0.042,0.958,0] rxc=[-21] DC=-8.0dB fp=2.00GHz

———

QICR=23.7dB
OIL=-5.6dB
OlLstep=-17.9dB

Copyright © 2014, PCI-SIG, All Rights Reserved

-30 e Soe
: /' Tomeds _ ’ L === vict step
—40 e S i NN p LI e eq step
fam RN eq pulse
—50 L8 h BN — vict
0 1 2 3 4 5 6 7 - aggrl ac
Hz 1e9 ~—— aggr2 ac
- T T - —=- sum_aggr
Vit e —ICR
0.10 ,‘/
o
0.05} I
0.00
|
-0.05 oot
| |
-0.10 | Pt
| |
—0.15} : : v0.51
3 -2-101 2 3 45 6 7 8 9 1011 12 13 14 15
ul
£0[0|+|- | EE
e — )\
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proc_tx_bringup_1 2

eal . Seasim Sweep Results
Analysis Plots

N
74 Figure 1

50 B B e s e o e e e

.5]_[0]_center_1000hm
.5]_[0]_center_75ohm
.5]_[0]_edge_10080hm
.5]_[0]_edge_750hm
.5]_[3.5]_center_100ohm
.5]_[3.5]_center_750hm
.5]_[3.5]_edge_1000hm
.5]_[3.5]_edge_75ohm
.0]_[0]_center_100ochm
.0]_[0]_center_75ohm
.0]_[0]_edge_108o0hm
.0]_[0]_edge_750hm
.0]_[3.5] _center_166ohm
.0]_[3.5]_center_750hm
.0]_[3.5]_edge_1000hm
.0]_[3.5]_edge_750hm
_[@]_center_1000hm
> [0]_[0]_center_750hm
#—*[8]_[06]_edge_1000hm
[6]_[©e]_edge_75chm
*—X[0]_[3.5]_center_1060ohm
*—*[0]_[3.5]_center_75ohm
*—*[0]_[3.5]_edge_1000hm
*—%*[0]_[3.5]_edge_750hm

MO

i :r I I i;i I i‘rl
,:iSEi i i#siis“"is g i

060
- EEREERE
0.50 ¢
045]
. EEREERE

035

DN D~ MO ON D~ MO NN
esbehathedhectbebtatestiy

proc_tx_bringup_1 2

T T T T

L B 0 B s S e S et

.5]_[0]_center_1000hm
.5]_[0]_center_75ohm
.5]_[0]_edge_1680hm
.5]_[0]_edge_750hm
.5]_[3.5]_center_1606ohm
.5]_[3.5]_center_750hm
.5]_[3.5]_edge_1000hm
.5]_[3.5]_edge_75ohm
-6.0]_[0]_center_100ochm
.0]_[0]_center_75ohm
.0]_[0]_edge_108o0hm
.0]_[0]_edge_750hm
.0]_[3.5]_center_1€6ohm
.0]_[3.5]_center_750hm
.0]_[3.5]_edge_1000hm
.0]_[3.5]_edge_750ohm
_[©@]_center_1080hm
> [0]_[0]_center_750ohm
> [8]_[0]_edge_1600hm
[6]_[©e]_edge_75chm
*—X[0]_[3.5]_center_160ohm
*—*[0]_[3.5]_center_75ohm
*—*[0]_[3.5]_edge_1000hm
*—%*[@]_[3.5]_edge_750hm

LE
S
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= . Seasim Legacy Data Rate
ulation Setup

Sim

= PCle 2.x simulation requires calibrating the transmitter De-emphasis and
signal amplitude at the package pin (i.e. -6dB/0.8V/0.9UI)

Figure 1

(o [ |

[ -

Figure 1

zoom rect

200 +[FEB

SZELN UT)=15.00ps

step=s12p_Txpkg_642010_b.s12pX1
job=s12p_Txpkg_642010_b.512pX1_500G_1
Ul=200.0ps adapt_FOM=None TxBw=4 0GHz Vpkpk=1V
txc=[0.737,-0.263]

pwrj=0.00ps pwddj=30.0ps
Ifrj=0.00ps |fddj=0.0ps

| e > |
ehpk=444.4mV (ehc=434.0mV oeh=891.3mV)
ew=0.:818Ul, 163.7ps (ewoff=0.003UI ehoff=-0.100UI)
lanes=1 nui=80 cb=6

w057

0201 0 01 02 03 04 05 06 07 08 09 1 11 12

PCle Technology Seminar

OO+ BE

step=s12p_Txpkg_642010_b.s12pX1
job=s12p_Txpkg_642010_b 512pX1_5.00G_1
Ul=200.0ps adapt_FOM=None TxBw=4.0GHz Vpkpk=1V
txc=[1]

pwrj=0.00ps pwddj=30.0ps
Ifrj=0.00ps [fddj=0.0ps
EEZLN 7] =15 00ps

e

ehpk=731.3mV (ehc=727.4mV 0eh=999.7mV)
ew=0,886Ul, 177.3ps (ewoff=-0.002Ul ehoff=0.043UI)
lanes=1 nui=80 cb=6

o 01 02 03 04 05 06 07 08 09 1

wl.57

0.2 01 11 1.2

zoom rect
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EXPRESS

e Seasim Legacy Data Rate £
" Simulation Setup

=  Waveform simulated at the receiver pin of the 8GT/s compliance channel

Simulated at the receiver pin of the 8GT/s

compliance channel. PCle 2.x min is 120mV/0.4UI.

Simulated at the receiver pad using the 8GT/s
spec Tx pkg + spec channel + spec Rx pkg.

OO += BE

step=s12p _Txpkg_642010_b.s12pX1..2 2982 s512p pin2pin_642010_b.5s12pX1
job=s12p Txpkg 642010 b.512pX1..2 2982 +++12p pin2pin 642010 b.s12pX1 5.00G_1
Ul=200.0ps adapt_FOM=None TxBw=4.0GHz Vpkpk=1V
txc=[0.737,-0.263]

Ifr]
362mv i)

OO ++ B¢

step=s12p_Txpkg_642010_b.s12pX1..3_3E00..s12p_Rx_pkg_642010_b.s12pX1
job=s512p Txpkg_ 642010 b.s12pX1.3 3E00.+++s12p Rx pkg 642010 _b.s12pX1 500G 1
UI=200.0ps adapt_FOM=MNone TxBw=4_0GHz Vpkpk=1V
txc=[0.737.-0.263]

vD.57

03 04 05 06 07 08 09 1 11 12

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved

42



= . Seasim Rx Tolerance
Calibration

TP4

TP1
TX Eq
¢ N N
PRBS Generator : Combiner :
RJ Source SJ Source Diff Noise CM Noise

Calibratio
Channel

PCI >

EXPRESS

v V

)

Eye distortions are calibrated independently to
mitigate the noise floor of the test equipment.

PCle Technology Seminar
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TP5

Replica
Channel

Test
Equipment

\ 4

Post process
Pkg mod
CTLE/DFE
Behave CDR

\2
TP2P
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"Three Phases to Calibration

= Channel ISI and behavioral Rx EQ
v' Calibrate loss from TP1 to TP2

— Fine adjustment with generator equalization

v Use base spec PDA search for CTLE and DFE settings

— Constrained to be no better than what's used in channel compliance
= Phase jitter, differential voltage noise and common-mode noise
v Use Seasim to calculate required RJ & VN
v' Set and measure RJ & SJ at TP1

— Assumes jitter amplification in channel is negligible

v Set and measure VN & CMN at TP2
— VN de-embedded from ideal Rx-latch back to TP2

= Cumulative eye measurement
v" All distortions applied, extrapolate and interpolate to 10-*? & 10°
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Py PCI>>

: EXPRESS
" VNA M [P1 [P2

%| File View Channel Sweep Calibration Trace Scale Marker System ‘Window Help =& x|

Stimuius Span [13333700000GHz [5]  tan Stop Center Span

513

20.00dEs

60.0dE LogM

gnzgndm Needs to include all cables

60.0dB Loght used for measurement.

Sdd12

20.00dE/!

60.0dE Loghd

Cont. CH1. 513 C 4-FPort Arg=6 LCL
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Step Response

File Control Setup Trigger Measure Analyze Utilities Demos Help 25 Jan 2011 10:44 PM

e B 13.08 GHz #Avgs: 4096 E|

= Scope averaged and
Interpolated step response at
TP2

= 128 Ul 1/0 clock waveform
= 1ps time steps

dv/dt =
impul§e response

—FFT Insertion loss
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PCI >
EXPRESS

Post Process Step Response

= Pad waveformis TP1
channel extended by
behavioral package to Rx
die pad

= Difference between TP2P
and TP2 (-4.1dB) at
2.1GHz used to de-embed
VN to TP1

PCle Technology Seminar

ref pkg 4port 2 08 2010 Sandpiper Presto step 770mv

genpkpk=770mV DC=-9dB fp=2.0GHz DFE=-24mV
T

T L e —

] :
Sy .y TP2=-20.1dB

e Ty TP2P=-18.7dB ]
-10 NS . - ) .
aa] Doy f Rt | :
= | _ ~
-20 S ILRCRTS N =
: X g . :
: o . 1
- | L | i | .
3% 1 2 3 4 5 6| —_ TF2
freq Hz 1e9 PAD
T ; T = TP2P
0 S
=
3 |
:
3 4 5 6 7 8 9
ul
47
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pory PCI>>

: EXPRESS
‘SS Im RJ & VN Calculati
step=Sandpiper_Presto_step_770mv_ref_pkg_4port_2_08_2010 UI=125.0ps step=Sandpiper_Presto_step_770mv_ref_pkg_4port_2_08_2010 UI=125.0ps
lob=cal_eye_Jit bw=8.0GHz job=cal_eye jit_le-6 bw=8.0GHz
txc=[1] xc=[-24] DC=-9.0dB fp=2.00GHz txc=[1] mxc=[-24] DC=-9.0dB fp=2.00GHz

pwrj=0.00ps pwdd)=0.0ps 5 pwrj=0.00ps pwdd)=0.0ps
Ifrj=2.10ps Ifddj=0.0ps Ifudj=12.5ps ’ Ifrj=2.10ps Ifddj=0.0ps Ifudj=12.5ps

205mV RO EPT A POLTOVE UT|=29.40ps
vn_Ifrn=0.0mV vn_Ifudn=22.0mV vn_Ifrn=0.0mV vn_Ifudn=22.0mV

ehpk=25.2mV (ehc=6.0mV oeh=318.6mV) 205mV ehpk=41.4mV (ehc=29.2mV oeh=302.4mV)
ew=0.300UI T)=87.5ps (ewoff=-0.135Ul ehoff=-0.085Ul) ew=0.480U| T/=65.0ps (ewoff=-0.135Ul ehoff=-0.070Ul)
lanes=1 nui=80 cb=6 lanes=1 nui=80 cb=6
0.2-01 0 01 02 03 04 05 06 07 08 09 1 11 12 0.2-01 0 01 02 03 04 05 06 07 08 09 1 11 12

-205mV

*May need to iteratively tune generator amplitude and VN to get EW > 0.3UlI
and EH = 25mV
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Thank you for attending the
PCle Technology Seminar

For more information please go to
WWW.PCISIg.com

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved

PCI >

EXPRESS

49



Backup

PCle Technology Seminar Copyright © 2014, PCI-SIG, All Rights Reserved

V

50



N
PCI ¢ PCI| >
: EXPRESS
‘S‘G E u u f : ff u u
)
DE:@; PS:V—C 2t,=1-DE-PS(1-2t))
Va Vb 2t,=1-DE-PS + 2DE - PSt,
_ DE(PS -1)
f+t+t, =1 t=1-t,—t 2t2—1—DE-PS+DE-P871+DE(PS_1)
o Vo (to+t,—t,) 2t _ (1+DE(PS -1))(1-DE-PS)+DE?-PS(PS -1)
v (ot +t) 2 1+ DE(PS -1)
Vo (Ho+t—t,) i _1-DE-PS + DE(PS -1)- DE?-PS(PS 1)+ DE*- PS(PS - 1)
Ve (Lt -t) : 1+ DE(PS -1)
- 1-DE-PS +DE-PS -DE
DE.ps = 1=2% 2t =
=2 1+ DE(PS -1)
2t, =1- DE - PS(1-2t,) . ISPE
=
2+2DE(PS-1)
1-2t,-1+DE-PS(1-2t -
DE=—=" (-2)_ -2, +DE-PS
. o Tx FIR Coefficients
2t,=(DE-PS - DE)(1-2t,)
PS 0 1 2 3 4
21, = DE-PS - DE +21,DE —21,DE - PS DE| 0 1 2 | c©0 ¢ 2 | @ ¢ 2 | @0 1 2 | 0 1 e
2t,(1- DE + DE-PS)=DE-PS - DE 0 |0.000 1.000 0.000 |-0.054 0.946 0.000 |-0.103 0.897 0.000 |-0.146 0.854 0.000 (-0.185 0.815 0.000
DE-PS — DE -1 | 0.000 0.946 -0.054|-0.049 0.902 -0.049(-0.094 0.862 -0.044|-0.134 0.826 -0.040|-0.171 0.793 -0.036
"~ 1. DE.PS_DE -2 | 0.000 0.897 -0.103[-0.044 0.862 -0.094|-0.085 0.829 -0.085-0.123 0.799 -0.077|-0.159 0.771 -0.070
DE(PS —1) -3 | 0.000 0.854 -0.146(-0.040 0.826 -0.134(-0.077 0.799 -0.123|-0.113 0.774 -0.113|-0.146 0.750 -0.103
°= 2 - 2DE(PS _1) -4 | 0.000 0.815 -0.185(-0.036 0.793 -0.171(-0.070 0.771 -0.159|-0.103 0.750 -0.146|-0.135 0.730 -0.135
- o=, -5 | 0.000 0.781 -0.219(-0.032 0.763 -0.205|-0.064 0.745 -0.191|-0.094 0.728 -0.178|-0.124 0.712 -0.165
-6 | 0.000 0.751 -0.249(-0.029 0.736 -0.235(-0.057 0.722 -0.221|-0.086 0.708 -0.207|-0.113 0.694 -0.193
-7 | 0.000 0.723 -0.277(-0.026 0.712 -0.262|-0.052 0.700 -0.248|-0.078 0.689 -0.234|-0.104 0.677 -0.219
-8 | 0.000 0.699 -0.301(-0.023 0.690 -0.287|-0.047 0.680 -0.273|-0.071 0.671 -0.258|-0.094 0.661 -0.244
-9 | 0.000 0.677 -0.323[-0.021 0.670 -0.309(-0.042 0.662 -0.295|-0.064 0.655 -0.281|-0.086 0.647 -0.267
-10 | 0.000 0.658 -0.342|-0.019 0.652 -0.329|-0.038 0.646 -0.316|-0.058 0.640 -0.302|-0.078 0.633 -0.289
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