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How are you analyzing serial links today? (Pick all that apply)

Vendors / consultants do it for us 9%
—
Measure channels and eyes in the |ab 69%

Analyze channel models for mask compliance 52%

AMI-based simulations 53%

Analyze channel TDR/TDT/Pulse responses 51%

In-house tools and processes 38%

\ SiSoft
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AGENDA

:> * [ntroduction to Co-Optimization
» Co-Optimization Examples

* How to Co-Optimize

e Summary
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Why Co-Optimization? i

Increasing #links, data rates, and protocols

« EQ complexity / importance Rx
— PAM4, decreasing margin
— Must balance Tx with Rx Tx
>

time

« “Auto-Negotiation/Training” often isn't
— Good goal, will take time to achieve

* Problems not only loss
— Traditional EQ targets loss
>

« Optimal settings: SW-only fix
— Rescues failing links

length

"\ SiSoft
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The Goal

Maximize eye height
where data is sampled

i SiSoft Eye with Sampling Cla/

\ SiSoft
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Pulse Response Analysis

b
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All equal probable combination of cursers

@ “Channel Compliance Testing Ultilizing
Novel Statistical Eye Methodology”,

Anthony Sanders, DesignCon 2004

Eye diagram derived from pulse response
through recursive convolution

a SiSoft
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Unequalized Pulse Response
(a.k.a. the Channel Response)

(Relatively) short rise time

\ Peak voltage < Step response voltage
— /
. Long tail
/ Ringing
. _/\_/__7

* Requires accurate Tx/Rx analog models to
correctly predict ringing due to reflections

aw SiSoft
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The ISI Pulse Response

Hula hoop algorithm determines clock sampling time.
s This is the maximum possible inner eye height.

; Voltages at these points subtract from
\ the eye height at the sampling point.

« Voltage and time scales show ISI contributions
« Useful in evaluating EQ & predicting eye opening

"\ SiSoft
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Equalization & the Pulse Response

Equalized

Unequalized

Tx & Rx taps affect the signal here

3000
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___— Maximum eye height reduced

Most ISI at sampling time removed
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Some IS| cannot be removed
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Types of Equalization

Tx Pre-Cursor Tx Post-Cursor

W00 ]

0.0
100 18. 50
Time (U

Multiple bit times affected

Single bit time affected
/ ’ / |

Rx CTLE Rx DFE (Tap 1

| "\ SiSoft
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Equalizing Pulse Responses

Pre-cursor 1SI Long tails Ringing
Tx pre-cursor is most effective Tx post cursor is effective Tx and RX CTLE not much help
RX CTLE can help RX CTLE is sometimes better RX DFE floating taps may help
RX DFE doesn’t help at all RX DFE has limited range Bigger issue with short channels
\ / \
350.0—:
] \
0 1 1 p t s
nou ‘ . . . . i . : : . I . . . . i . : : : I

0.0 5.0 10.0 150 200 250

« Long channels: pre-cursor & tail ISl is usually the challenge
« Short channels: ringing is usually the challenge

"\ SiSoft
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Evaluating EQ Tradeoffs

_1—:-—==?
Se— —amp

ASerDes.
balancing Act

RX Only
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a.0u

« Tx cursoris main source of amplitude
— CTLE may help (implementation dependent)

« Tx taps trade cursor amplitude for reduced ISlI
« Txand Rx CTLE both address post-cursor EQ
« DFE only affects single bit times

30 0.0
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Which ofthese methods do you currently use to optimize Tx & Rx settings? (Pick all that apply)

Use pulse responses to measure IS & assess equalization 20%

Minimize Tx equalization to save cursor amplitude 28%
1
Evaluate tradeoffs between Txtaps and CTLE 44%

Use TX taps / RX CTLE to bring tail within DFE range 32%

Trade off eye height & width to optimize BER 53%

None ofthe above 15%

\ SiSoft
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AGENDA

* Introduction to Co-Optimization
» Co-Optimization Examples

£

— Industry Case Study
— S-Parameter
— Circuit-based r: e
- PAM4 A
» How to Co-Optimize
e Summary

| g » 3
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DesignCon 2016 ‘ ‘\ ——— | Unequalized
Precursar Tap

Industry Paper e | A

Large System Performance Tuning

\
Clock P{\g‘
A
Clqék R‘ﬁgo/e/y

« Co-Optimization case study il
— 60%+ performance gains

— Allowed 25% longer links
« Compared with best-known EQ L

— Removed dozens of components

 Detail on Co-Optimization T
concepts and techniques ] sl
— Hula-hoop algorithm _‘.ﬁ |
— Equations for reducing ISl 3.!?«*
— System-level Tx/Rx EQ tradeoffs "

33333
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

This presentation illustrates
Co-Optimization on a wider array of channels s SiSoff
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Paper: Equations vs Co-Optimization

it SiSofr

« Problem: / =
— Long/lossy channel ]
— 4-tap Tx (1pre, 2post) i o] /
— No Rx EQ | o T P P
. P
P e e
- Hand Calculation (blue) | -
— Force zero in all taps —
— 1 hour/tap to solve/iterate '-
« Co-Optimization (red) — SS—
— Trade amplitude for IS

— 15% better eye

Better Result  \\\\ SiSoff
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b SiSofr Step 1, Eye Height vs Tx Taps
B | n I S Black=Eye Ht, Red=Tap1, Green=Tap-1, Blue=Tap2
£
g 1onn S
£ 2000 2
= =
-300.0
« 2-step sweep of Tx taps
-AON N
.0 100.0 200.0 300.0 400.
TX1:tap_filter.0 Tap AMI Range |[=none= 1.0 ap2
TX1:tap_ﬁ"1‘ T AN Flange ~ngge oo 0 o m 125 Row
. 3
1 fap_f oarse, ~500 runs, Statistical EYCR—
TX1:tap_filter-1 Tap |AmI Raﬂge =none= -0.25 ~0.2 [-0.15 [-0.1 -0.05
[ — . L — - - T T
TX1:tap_filter.0 Tap AMI Range |=none= 1.0 g
TH1:tap_figmy - D St Range =nof 055 0.54 LR -0.52 -0.51 -0 :JJ'
DXtien. 1 ) fine, ~500 runs, Statistical <o o ois
TA1tap_fiuiei-i Vap J Al ralige | Noie = =i, ||? Ui -u. -0.158 -0.14 -0

[ ] 1 h O u r J C | O S e r re S u It 10 100.0 200.0 300.0 400.0 500.0
— Co-Optimization is 5% wider
* Results:

Tap-1| Tap0 | Tapl | Tap2 | Eye Time

Hand_Calc -0.07 | 0.54 | -0.34 | 0.05 | -15% | 3 hours
Sweep -0.08 | 0.59 | -0.33 | 0.00 | -5% 1 hour
Co-Optimize | -0.04 | 0.61 | -0.35 | 0.00 | Best | <1sec

- If Rx EQ added

— complex, less convergence

\ Faster 3\ SiSOFt
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Co-Optimization Cockpit

* You can fly this plane
— Examples that follow will be available as SiSoft QCD Project

* Co-Optimization = SiSoft OptimEye™ Technology

 All variables adaptable

— Ul, EQ (FFE, DFE, CTLE),
PCB Parameters, Jitter,
Clock Recovery, efc.

Details later in presentation...

y
b 100rk
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S-Parameter Channels

i% SiSofr Insertion Loss & Fitted Attenuation

Range of characteristics
— 7 Industry Channels
— 6 ISI Channels

— 6 Loss Channels
— 1 Failing Channel —
i SiSofr Return Loss

W SiSofy Insertion Loss Deviation

6.0 !
= 1

DB dh)

20 1

a
g —
z oo

0 20 40 6O 80 100 120 140

Herz (GHZ

Hertz (GHD
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Analysis Setup
« Circuit 13 S -l’

S1
$S1:Model

— s4p channels, 10 Gbps 4 taps 4 taps

— Advanced Tx/Rx w/ Dj, Rj, DCD

« SerDes EQ
— 4-taps in Tx FFE and Rx DFE
— Rx CTLE, 0-15, ~0-15dB boost

« EQ Preset Scenarios
— 1: Tx taps ~half, CTLE=12
— 2: Txtaps ~PCle P7, CTLE=8
— 3: OptimEye selects Tx / CTLE
— Rx DFE always “auto”

HHHHHHHH

"\ SiSoft
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Eye Height Results

Widths:

o SiSofy Eye Height vs Channel Type :
Red=1/2way, Blue=PCle_ P7, Green=0ptimEye(TK) f
200.07 INDUSTRY [——% | * 15| I —
E FAIL Lo
400.0—3
E i ™
s E OptimEye
3000 PCle P7
2 E Tx ¥ Way
L -
= 20002
w -
100.0—3
E I,
I:H:I__I | | | | | | | | | | | | | | | | |
2.0 a0 .0 8.0 10.0 12.0 14.0 16.0 18.0 20.
% SiSofi  statistical Eye Diagram Statistical Eye Diagram Statistical Eye Diagram
1/2way PCle_P7 OptimEye(TM)
40003 BE-2
300.0—
[ ZDDD—_ _B.5E-3
= = — =
« Typically 2x better wss:ﬁ___:_—-_ _— S i
= ;ggg__ R3E-7 &
™ ~300.07 1.4E-45
« Eyes for Channel 10: | &4 l
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Circuit-based Channels

| |
| |
Tx Card l Backplane . Rx Card
| |
| |
Lengths: 3 ! 5”, 107, 207, 30 ! 2", 6", 9
oo c:,_” ‘.”;_dm_m ] W . "_”63 mr?_s:::

. .
o e \ o e s o o sk vaomz e, v e g
Vias: Long : Long or Shorter w/ Stubs : Long or Shorter w/ Stubs

* 10 Gbps, same EQ options and jitter as S-param channels

* Length: 10” to 42”, Lt _cd/bp: 0.015/0.009, IS| & Loss channels
 Permutations: 4bp len*3rx len*2bp via * 2 rx_via = 48

« Total Simulations: 48 * 3 EQ options = 144

« Manufacturing tolerances

"\ SiSoft
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Passive Characteristics, 48 Channels

e SiSofr Insertion Loss W SiSofi Insertion Loss Deviation
Circuit-Based Channels Circuit-Based Channels

o ' B0

DE (dh)
DE fdh)

Hertz (GHz Hertz (GHZ

 Mix of ISI-Constrained & Loss-Dominated Channels
« 20 dB Insertion Loss variation at 5 GHz

"\ SiSoft
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Eye Height Results

i SiSof Eye Height vs Channel, Circuit-Based
Red=1/2way, Blue=PCle_P7, Green=0ptimEye(TM), Black=Channel_Length

5|:||:||:|_: Rk """""""""'i"' 5] Channels "'E’"""""'""""""""'i’ LOSS Channels "i """"""""""" 400
_:| H H H H
00,03 g e R R — 30
] H H H H % SiSoft ye Heig “
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f—t
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Eve Height (mY)

200.0

I| I_|_I|II

ptimEyeT'V' 100,03+
PCle P7 E
Tx Y= Way

nn -|-||||||||||||||||||||||||||||||||||||||||||
10.0 20.0 a0 40.0
W SiSofr 1/2_Way PCle P7 OptimEye(TM)

0.60 ]
0.40 7
0.z20 7]
0.0

e Similar trends |
» Eyes for Channel 2: s — R T o —

.0 200 400 600 800 100 200 400 60.0 80.0 100 200 400 60.0 800 '

Time (ns] Time (psh Time (051
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i SiSofr Eye Height vs Channel, Circuit-based PAM4
Red=PCle_P6, Blue=PCle_P5, Green=0ptimEye(TM), Black=Channel_Length

>

PAM4

« Co-Optimization
goes center-stage
— Same OptimEye N N S T )
technology e e

Axsjdwon
Margin

Eve Height {r*)
Channel Length {in}

i SiSof PCle_P& crome?
” 7
\ Channels 10 -20 ;ggg: IBE_2 W SiSofr OptimEye(TM)
' | GBED

« EyeHeightvs EQ | wi —= .

— PCle P6 Pl — I :

— PCle_P5 " I

N OptImEye | H#SiSof;l" | .PCIE_PS : E
« OptimEye ~2x ni———

Improvement

-200.0

— Channel 3 eyes shown | ==

Ir TE-7

1.4E-45
T T T T T T T T

0 200 40.0 600 800 10 . & A

Tirne (ns) ' I 0 '
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Overall Results

Channel Average Standard | Sample .
I . Comparing
Type Improvement Deviation Size
ISI 217% 97% 30 OptimEye vs P7
Loss 55% 41% 30 OptimEye vs P7
Industry 166% 42% 7 OptimEye vs P7
PAMA4 97% 31% 6 OptimEye vs P5
All 140% 109% 73 OptimEye vs P7/5

« Baseline settings slanted towards loss equalization
— Which is typical in today’s systems

* In general, we expect
— 100% improvement for ISI-dominated channels
— 50% improvement for Loss-constrained channels

"\ SiSoft
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AGENDA

* Introduction to Co-Optimization
» Co-Optimization Examples

* Using OptimEye™

e Summary

@ U SO0}
e h“ I 0 '
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Using OptimEye

= Quantum Channel Designer 300: OptimEye.qcd Project: C\SiSoft_Projects\OptimEye_Project I g g
A » A
File Edit Libraries Setup SimData Run Logs Reports Tools DOE  Help
Q@] &|@6| x| +le mfajalal @[« BEE ¢ 2 (EeeE: (@ (e |
Pre-Layout Analysis Post-Layout Verification
“WhA— (I
L =
—A—lI5 sisoft_serdes
SiSoft_Advanced_Tx Rx
P | SiSoft_Advanced _Tx sisoft_serdes
100.0ps - SerDes_10G w1 W2 W3 SiSoft_Advanced_...
Hone *_0_difi_strip_9... *_0_diff _strip_9... *_6_diff_strip_9... SiSoft_Advanced_...
_@_ 5in fW2:Length $W3:Length
——Top . _————Top n_p out_p Top 10————L10 0) h_p  out_p| Top L7 ——a———>—Hott. 0) b
¢> Tonm.-.—ﬂ:)—ﬁm ot Tonm,L—ﬂ:a—uumf Topll flz L——F—— ot n,f:%:
1 X_\iaDiff1 X_\iaDiff4 X3 _\iaDiff6 X_ViaDiffs X4 X_\iaDiff2 X_\iaDiff3 RE_Cap
= BGA_\ia Conn_Via conn $¥_\iaDiff6:v_Mo... $¥_WiaDiff5¥_Mo... conn $¥_\iaDiff2¥_Mo... $¥_\WiaDiff3:v_Mo... AC_Cap
State: 1
—  Topology: 3_Circuit_Channels |
1_Hand_Calc L 1a_Auto_lterate L 1b_Auto_lterate L 1c_Auto_lterate L 2_3P_Channels L 3_Circuit_Channels L Circuit_Channel L Circuit_Channel_2 L Circuit_Channel_3 L ctle |
Solution Space: SelectDOEShest | || [ICaseMode []ShowOnBoard []Show All Shests
Transfer Variation
Met habole: Type: Format: Group: Value 1 Value 2: lue 3: Value 4: Value 5: Value 6: Value 7 Value 8:

- THRx =]
3_Circuit_Channels Float AMIRange [=none= 50 =l
3_Circuit_Channels |Txtap_filter.0 Tap AMI Range |a 0.65 0.50 Off =
s ey T« e

[ i T [ ¥]
Reference Set set1 | Unset ‘ Current Set: set1

Base Simulation Count:

« “QCD Optimization” attribute on any enabled Tx
® 2 mOdeS - TX & TX RX Channels Normal (s) OptimEye™ (s) x Longer

20 S-Parameter 38 62 1.6

* Runtlme IS |Onger = (ierf:ii:\-gb:;:jmode Sta?ittical Analysis Qﬁjg-core Laptop Vl\/'i?r’ﬂ
than normal simulation

Answers in seconds instead of weeks s SiSoff
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OptimEye and Vendor Models

Optimization
Control Files
Simulate : 'J : -
AMI models EQ settings Yes results
‘ No

Adjust EQ
settings

« Optimization control files let OptimEye predict
and verify model settings

« Support for SiSoft models built-in

aw SiSoft
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OptimEye Results

G — » Original and optimized
OptATX1.0 0.590481 g p
Opt ATX1.1 0 . d f h
OptATX12 0183558 settings reportea 1or eac
Opt ATX1.h_swing 1
OBt ARX].peaking_filer config o [ X/Rx model parameter
Stat ATX1 tap_filter -1 -0.225961
Stat ATH tap_filter.0 0= BF L BG BH BI B BK BL BM BN BO BP BQ BR BS BT BU BV
Stat ATX1.tap_filter.1 0 .
Stat ATK tap_filter 2 -| stat  ARxsisoft.  stat opt
N ARx.SiSoft_ Optimizing ARx.SiSoft_ Stat Stat Eye Stat Eye Stat Eye Stat Eye Stat Eye Stat Eye Stat Eye Stat Eye ARx.peakin
Stat ATH1.h_swing Y Optimizing _Rx.tx_tap_ Optimizing ARx.Modul Height[0.00 Height[le- Height[le- Height[le- Width[0.00 Width[le- Width{le- Width[le- g filter.con
Stat ATH1 normalize taps _Rx.mod - | values | Rxtx td~| ation -] 11(v)|-| ooel(vi-| o0s](vi-| 0121(vi-| 1l(ps)|~| 006l (ps~| 009](ps~| 012](ps~-| OptATx.|-| OptATx.-| oOptATx1[-| oOptATx2/-| fig [~
: _tap Norr 1 0 NRZ 0532533 0.474033  0.442577 0421179  74.6034  64.0625  59.7656  57.0313 -0.0476998  0.948184  -0.00411652 0 0
Stat ATH1.number_te_tap Jorf 1 0 NRZ 0460423 0390103  0.354113 0331334  73.8281 621094  57.4219  53.9063 -0.0818342 0915814  -0.00229197 0 0
off 1 0 NRZ 045555  0.416535  0.394462  0.380246  73.0469 62.5 582031 554688 -0.0281843  0.834636 0 -0.13718 1
Stat ATX1.number_precursor_tap qort 1 0 NRZ 0499445  0.444192 0.415163 0.396053  74.2187  64.0625 59.375 56.25 -0.0640821 0.933004 -5.42101E-20  -0.00291357 0
off 1 0 NRZ 0434893 0383424 0355172 0335223  74.2187  62.8906  58.5937  55.8594 -0.0819756 0.917761 -0.000263023  -4.33681E-19 0
Stat ATX1.tap_max off 1 0 NRZ 0389585  0.32891 0.296433 0274523 710937  58.9844 53,9063 511719 -0.103678 0.891136  -0.00518587  -8.67362E-19 0
Stat AT - off 1 0 NRZ 046732 0424751 0401923  0.385181  73.8281  63.2813 59.375 56.25 -0.0615739 0936741  0.00168538 0 0
a Aap_min off 1 0 NRZ 0412755 0361336 0332669 0312507  73.4375 625  57.8125  54.2969 -0.0976001 0.891354  -8.67362E-19 0.0110462 0
Stat ATH1 tap_step off 1 0 NRZ 0263167 0216189  0.19284 0176631  68.35%4 5625  SL5625  48.4375 -0.144352 0.849163  -0.00648496 0 0
= off 1 0 NRZ 0221759 0.172705  0.149139 0133 667965  53.9063  48.0469 4375 -0.186514 0.8054  -0.0080858 0 0
Stat ARY1 . AGC Mode (Joff 1 0 NRZ 0.274246  0.228107 0.204805 0.138174  69.9219 585937  53.5156  49.6094 -0.146933  0.848469  -0.00459776  1.73472E-18 0
off 1 0 NRZ 0.247413 0202678  0.179685 0163731  67.5781  55.8594 50  46.0938 -0.166084  0.827227  -0.00668917 0 0
Stat ARX1.AGC Level Qorr L 0 NRZ 0.115594 00925684 0.0801188 0.0712205  55.8594  45.3125 40.625 37.5  -0.162573  0.610528 0 -0.226899 1
St t ARX1 k ﬁ It ﬁ E off 1 0 NRZ 0.0960605 0.0754149 0.0646627 0.0570573 57.8125 43.3594 38.6719 35.5469 -0.166734 0.62837 0 -0.204896 4
4 -pearing_tilter.contg off 1 0 NRZ 0.129846  0.113873  0.105473 0.0995056  70.3125  58.5938  54.2959  50.7812 -0.132532  0.862265 0 -0.00520367 9
Stat ARX1.peaking_filter. mode flor 1 0 NRZ 0.104849 0.0877173 0.0777613 0.0703553  60.9375  47.2656 417959  38.6719 -0.163027  0.673252 0 -0.163721 5
2 = : off 1 0 NRZ 0397121  0.34599 0318113 0298606  74.6034  62.8906  58.5938  55.4688 -0.0640421  0.895245 0 -0.0407134 0
Stat ARX 1 peaking_filteruse_new_pole_zero_defaults |Nof 1 0 NRZ 0.27045 0.233186  0.212996  0.199847  73.4375  61.3281  55.0781 515625 -0.0861227 0.910919  -0.00295848 0 5
— = = — — off 1 0 NRZ 0.393657 0352129 0327848 0310063  73.4375  6L7188  57.4219  54.6875 -0.0623177  0.836789 0 -0.100893 0
Stat ARX1.peaking_filter. scale_by_design_data_rate Yot 1 0 NRZ 0.301033  0.263918  0.24396  0.230696  75.3906 652384  60.5469  57.4219 -0.0784638 0919178  -0.00235777 0 4
- off 1 0 NRZ 0.320367 0270395  0.243274 022422 710937  59.7656  55.4687 519531 -0.120524 0.874361  -0.00511474 0 0
Stat ARX1.peaking_filter.pole_zero_data_rate B 1 0 NRZ 0.284641 0232517 0.204151 0185074  68.35%4 56.25  SL1719  47.6563  -0.14794  0.843623  -0.00843601 0 0
Stat ARXA peaking_filter design_data_rate off 1 0 NRZ 0.340023 _ 0.294948  0.269354 _ 0.25107 _ 70.7031 _ 59.7656 _ 55.0781 519531 -0.108547 _ 0.88707 _ -0.00438279 [ 0
Stat ARX 1. dfe.number_nd_tap 4
+ Post- tput t
Stat ARX1.dfe taps 1 -0.068782 0S Focess output 1o
Stat ARX1.dfe taps.2 0.022204 . >
SRR ] DERAIEE LS COang ure your entire SYStel n
Stat ARX1.dfe.taps. 4 0.002764
Stat ARX1.dfe. mode auto
. . We Are Signal Integrit
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Optimize Routed & Built Systems

(e« Use OptimEye™
Pre- or Post-Route
* Single-board, or
System of PCBs . LR
 Actual routes refine ol sl
. design space Uit

Design
A

(e Import / analyze
failing channels

« Derive optimal settings
_* Software change only

"\ SiSoff
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How long does it take your company to determine SerDes settings during system bring-up?

(Pick one)

Mot long; we use defaults 11.2%
| =]

Mot long; the SerDes vendor tells us 8.7%
[

Days 27.0%
]

Weeks 28.1%
]

Months 22 5%
]

It's too painful to think about 4.5%
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AGENDA

* Introduction to Co-Optimization
» Co-Optimization Examples
* Using OptimEye™
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Summary

Rx eye height should be optimized for the
point where the recovered clock samples the data

« “Blind sweeps” consume time and brain cycles

« OptimEye is 3@ generation SiSoft technology
— Maximizes eye height by co-optimizing Tx/RX settings
— Does not require changes to vendor AMI models

* Per-channel optimization is now practical at the full
system level
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See How OptimEye Works for You!
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QUESTIONS ?
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THANK YOU
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