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Serializer/Deserializer (SerDes) Z %3kl g 4%

SIRMIBERERG MK LS

— BUESL: RE. BEREEIREIER R

— HN: CPU/GPU/RTE/MLE E =R 1R
ik

— JHETEHBET: FHNEH/AE

— BREHBT: FHEMN

FRERIBE NIRRT RS
— PCI-E

— Ethernet

— SAS

— HDMI

— MIPI

SerDes: HFMRIIERIWEZREES
— PLL/CDR

— CTLE

_ DFE/FFE

« X&iB(E (RRU,BBU)

SerDes
Y

=—SerDes
Yy




SerDes& G &K ints

A

SerDesZR 1% i1 5 f i

{HELE

SerDes 2244 T 2

=

3237 IBIS-AMI &8

2458

[ &

» AGHE
KR 5 5]
18 ?

=
=

IBIS-AMI 3E#&E T2

ZTE

MATLA
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SerDes &% & itz

SerDesZ2 1% 1 5 1] SerDes 224 T 1zlm

! ! ZTE IP &1t

3237 IBIS-AMI 1557

IBIS-AMI E1& T2

| RG{HE (s 2 st T2

REH

o) @

REIF o)

ZTE A4igit
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SerDesF %;

SerDes 2t T 1zlm

A

SerDes Toolbox

SerDesZE a1z 1+ 5 # 14

MATLAB
ZTE IP %1t

{HELE

Simulink

Mixed-Signal Blockset

485 T 127
N

IBIS-AN
IBIS-AM & #Y
EEEEMTIEI

JZ7 IBIS-AMI &8

» RG{HE
RizH
3]’
= i ?

=]
=

RE o) '
Signal Integrity Toolbox
ZTE &% ixit

\/




LZTED¥
MATLAB

SerDestIZR1& 3t — 56G LR SerDesi&it

- CEI-56G-LR ¥ ARIEFR:

- PRIR

AHlIA R (Modulation) : PAM4

f"f’%HTI‘Eﬂ (Symbol Time) : 35.71ps
=L ZEBFRr (Target BER) : le-6 =]

?"f%ﬂ/ﬁ (Signaling) : #% (Differential ) ——

598 - | .
- FFE : 4taps (2 pre-tap, 1 post-tap) o HDH HDH \ % |
- DFE: 12-18 taps T '
RZL1& T -- SerDes Designer ..
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. MATLAB BXF
SerDesZ2#4)i% 1T — SerDes Designer

4\ MATLAB R2022a
HOME 3 B e & [ Search Documentation pn ]

@ 8 &8 s 8 @ 8 « T\ ’ B &

Design Get More Install Package SerDes Mixed-Signal Parallel Link Serial Link 5G Waveform Matching HDL Coder Fixed-Point Avnet RFSoC Chart Catalog OpenCVImpo... Class Diagram
App Apps App App Designer Analyzer Designer Designer Generator Network Desi... Converter Explorer Viewer
FILE APPS x
Ll A s CCwork\serdes\CEl_56g LR x
Search Results ¥ Command Window N ¥ | Workspace @
Name Date Modified ~ fx 5> F Name ~ Value
Details b
Select a file to view details
< >
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MATLAB EXP

SerDes B8 &

’i workshop * - Simulink

MODELING FORMAT

SIMULATION

[ Open ~ ]} Stop Time | 1.25e-07 -~ o
A BB Rt £ 7 poee- @ 5 g5 9@ ||wmle) g @ B z
[ | Ap p : —_ H\ E % =5 New L= Library Log Adc Signal _Normal Step T Step Data
- ﬁ Print + | Browser EE Table o@ Fast Restart Back - - Forward Inspector
FILE LIERARY PREPARE SIMULATE REVIEW RESULTS a
(:_I workshop
® workshop .4 -
=
E,'J Analyze W ‘
-
Delete  Add Plots LAYOUT || Export
- Auto-Analyze -
— ]
%" Export SerDes System to Simulink Configuration
= Generate MATLAE code for SerDes System
¥
L Make IBIS-AMI model for SerDes System
‘ ’D—P Waveln Tx WaveOut | Waveln Analog Channel  WaveOut | Waveln R WaveOut La
Eye Diagram
i
-H
» ||&
Ready 100% FixedStepDiscrete

11
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SerDes B8 &

- 5IBIS-AMIE £ ARk 5t

~ = Print *  Browser Table O Fast Restart Back = - Forward T

ﬂ = For IBIS-AMI Init

Init

[ SerDes IBIS-AMI Managar' For I B I S_AM I GetWave

i \

1) » Waveln ~ CTLE  WaveOut » Waveln DFE/CDR WaveOut »( 1)
Waveln WaveOut

m—Y
m I
2 1T
.
2 N
3

CTLE DFECDR

Blocks are from App
@ 100% FixedStepDiscrete
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SerDes Bim{F &

- BAREHRA.

Rx

Analogin

DFE / Pass-
D }— CTLE }{ COR }— Through [1~®
CTLE

DFECDR PT

Waveln

Waveln CTLE  WaveOut P Waveln  DFECDR WaveOut P Waveln Pass-Through WaveOut .
- WaveOut -
v
CTLE DFECDR PT
%% Common tions
end —

%% Simulink functions

function icon = getIconImpl(obj)
% Define icon for System block
icon = "Pass Through";

13
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Btk {75

P untitled * - Simulink

Bk

- ~ =

25

File Edit V\iew Display Diagram Simulation Analysis Code Tools Help

=l .= B (i = 2 - @
E-TI-B <« ED@"E@:’D

unititled

i |[*%|untitled ®

A Eye Diagram

File Tools View Help

- CLAC -|la- |G- - B e
7 ¥ Eye Measurements
* Sellings

¥ Amplitude m

Eye amplitude:

¥ Time

Time domain

IReady Trace #

ZTED¥
MAT

D Init Statistical and Time Domain Analysis Results

File Edit View Insert Tools Desktop Window Help >
A de @ 068 kE
Stat Analysis
Pulse Response Waveform Derived from Pulse Response
Init (Statistical I
nit (Statistical) results
_O-EL 1L|‘I|" Il-lll IIII.II ll.u[ - I‘LI T T L ‘.IJI l 1
0 1 2 3 4 5
[s] «10°%
Statistical Metric Data
Eye Height Upper (V) 0.0195 A
z Eye Height Center (V) 0.0195
é Eye Height Lower (V) 0.0195
o Eye Width Upper (ps) 12.2089
= Eye Width Center (ps) 13.7537
Eye Width Lower (ps) 12.2089
:‘; Eye Area Upper (V*ps) 0.1878 v
Time Domain Analysis
o Time Domain Eye Time Domain Metric| Data
Eye Height Upper (V) 0.0017 A
Z Eye Height Center (V) 0.0022
E Eye Height Lower (V) 0.0018
o Eye Width Upper (ps) 2.2528
= Eye Width Center (ps) 2.2661
Eye Width Lower (ps) 1.4749
Eye Area Upper (V*ps) 0.0020 v

T=0.000
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MMATLAB/Simulink

Zh4E BRIBIS-AMI & E

J

IBIS-AMI3Z {4

model . ibs

LZTED¥
MATLAB I

Export IBIS AMI - Tx AMI - Rx (
Model Configuration IBIS Settings [MOdel ]

'?'TX and Rx Tx model name | serdes_tx |

Owo . .

O Redriver Rx model name | serdes_rx | [Algorlthmlc Model ]

O Refimer Tx and Rx comer percentage Executable Windows | model.dll
AMI Model Settings - Tx AMI Model Settings - Rx Executable Linux model. so

Model Type Model Type

() Dual model (®) Dual model

() GetWave only () GetWave only

| I Init only

Bits to ignore 1000

() Init only

Bits to ignore

File Creation Options
Models to export
IBIS file
IBIS file name (.ibs) | serdes.ibs
V] A file(s) [ JUse List Format for Medulation
DLL file(s)

0 Both Tx and Rx
() Tx only
(JRx only

Target directary | Cwork\serdes\CEI_56g_LR

[End Algorithmic Model]

serdes tx.ami

[End]

a1

R X

model.ami

ATATAE R

~ | model.so model.dll

— 42
B ohZmix:

Window# % L4 gi.dll, LinuxZ& % _E4

ERX .so

16




ZTE®3
| o Lo . MATLAB BXPPO
MIBIS-AMIFERIB| R FZ(ESTEMHE

T

+ ik IBIS-AMITEE!, BHaS A Z|SI Toolbox
o HockPaameters: Configuration X

Configuration (mask) (link)
Configure system wide settings in a SerDes Toolbox model.

Parameters

Symbal time (s) [35.71e-12 ||
Samples per symbol |16 v|
Sample interval (s) 2.23188e-12 :
Target BER [1e-06 ||
Modulation |PAM4 -
Signaling |Differential -
Analysis

Plot statistical analysis after simulation

Plot time domain analysis after simulation

Eye Diagram Clock |Clocked =
T vershop - Simulk Ignore bits for time domain analysis 1000 - B G ™ s - & x
,,,,,,, = y Bl (Rrtes e Sps pun Lups g Joos oG iy

E:F 1 Open = Eg A By E Stop Time  1.25¢-07 q ‘r‘- w - Tmls

B - | | e sgu (o ) Swp mm  swp sep | w7 S I I i T Ib

4 Print Browser B e Table g Fast Restart Back *  Foward Sgcnios

EFS e Eo e v | 3 Open SerDes IBIS-AMI Manager| Open Signal Integrity Link Ig na nteg rlty O0IDOX
—
(B mortarce b 1 euz.an-w wi Re

x
*_0_diff_strip_1... workshop_rx
$Wi:Length

[ =

SerDes Toolbox o o] T

State: default

) Topology: sheet1
| Feteat
==
seman omr— R == soustion spacs: ‘Sheet Options: | ] Case Mote Global Options: [_] Snow On Boara
T Vv
e Dy Mt Vanable Type: Format Group Value 1 ValweZ | Vale 3 | Vaed
o e e —
e s e £ —
sheati 1 CTLE lisds ot AL e o [xfoes [+ I=]
snestn 1CTLE Configgeiect B AMILEL  <nones — = =
et T DPECOR Ao i Al e
- Taati—— FTOEECOR et 1 s e
cheett 1DFECDR i <nune> aet (vl [wled  [v =]
sheet! 1 DFECDR Tapieights 1 ap. AMi Range X1 Tap -
»|@ e B curese s aco smamenco N
nesty oo
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LZTED¥
MATLAB I

MSerDesBia{F EZE R G55 E
I YT 7Y )

a AL = = Symbol Time (ps)| 35.71 . — Tsie &H . == 23
E'n 1 H ’—‘ Modulation| PAM4 v | | : (® Auto ‘ \ 4
i I 1 ~ —_——— -
D;SIQn Ge/:M| New Open Save e P Symbol\6— Signaling | Differential ~ | Tx/Rx Jitter Add Plots | (7) Manual Default | Export
| FILE CONFIGURATION BLOCKS PLOTS ANALYSIS LAYOUT | EXPORT =
FP Haly SerDes System -
Current Folder ®
Name ~
e slprj Tx Rx g
! l | i ] 3us
‘ | | ey simulationOutput
L [> I [> i COR * sParameterChannel
15x7 double
FFE AnalogOut Channel Analogin CTLE DFECDR
J | |
Block Parameters BER Pulse Response Impulse Response Report CTLE Transfer Function: CTLE
BER
Channel model | Loss model v | 0.08
Channel loss (dB) l 20 l 0.06
Differential impedance (Ohms) ‘ 100 l 0.04
Target frequency (GHz) |14 | 0.02 g
Enable Crosstalk [ | ; 0 §
- o
-0.02 0_-
-0.04
Details
-0.06
-0.08
Selec|
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I-FI'

- IhgE

FSignal Integrity Toolbox

SR K

BRI T

File Edit Libraries Setup SimData Run Logs Reports Tools DOE

[Cle(@ [+=alx] mjaja e

iz R

] T e e R e

Pre-Layout Analysis | Post-Layout Verification

LZTED¥
MATLAB E

— IBIS-AMI

— Gt FIRHE AR
- SHAE

- FENAREH

— ISI\BER\RR E\#:} 5h\I 5

— RIAIALL

S

1
T

%Y%@%‘ﬁ##%@@ ;

ATX1
cei 5
™P
col 56g_Ir_Tx
sur
None

6. Ir

Use this sheet to run statistical and time domain simulations to test for channel PRE-FEC BER compliance (1e4)

ATX2
cei_aby_Ir
TP

Tei St
None Ideal Rx
S5 g
s_package_12mm_t... PAME “gi Riage_12mm t..
Af1 Dev.. BP

Victim_TX1 BB~ —_—Trr e 1 Ma
cei_56g_Ir 4 Prelayout Channel Analysis Victim RX1
cel 56g_Ir_Tx Project: CEI_56G_LR cei 565_Ir
sur Interface: CEI_566_LR X
None Reference Schematic Set: Defauit cel 56g_Ir_Rx

=y

Process C 3

[JStop On Error | Setup Stop Error Conditions
[ Backup Before DeletingData | Restore

‘ Simulation Options... H Simulation Parameters... H il paratiet H Configure Parall
Channel i hannel Analysi y
params. Validate -/ 0 Errors; 0 Warnings in Validation
Generate Netiists - 0 Errors; 0 Warnings in Netlist Generation
QQ'”"“ 7] Include Statistical Analysis @ Running SPICE Skipped
7] Include Time Domain Analysis /0 Channel Analysis Simulations C - 0 wi 1 i
text [JRunSPICE
[7] Perform Channel Analysis
— [7] Display Results Spreacisheet
7] Autoload Results N §
] = $11 0 ansheets ® Current Sheet 22 Channel Analysis Simulations Submitted to Queues
%
-
= - o Bt "
[ Channel_Network_Characteristic_Compliance LMulILChznneLBEI'LC i pr— ontor
22 Simulations submitted to cluster “local” at Thu May 12 20:37:40 CST 2022
0 Simulations Completed (0 Simulations Processed) SelectDOESheots | || [ShowonBoard _[]Show AllSheets
Transter 0 Simutati L i
o . Typs: | Formd & Simulations Running but Not Completedt 0 Waiting for License; 14 Waiting in Queue "ImE o Ema
Wulti_Chiannel_BER_Compliance [Etch Comer st || Elapsed [+ [+ [+
Multi_Channel_BER_Gompliance |Frocess (T | (o<t Unatet: Thu May 1220:37:45 CST 2022) [+ 5 [+
Multi_Channel_BER_Compliance ARX1 Rx_Receiver_Sensilivity Fioal AW Ran
Multi_Channel_BER_Compliance ARXZRx_Receiver_Sensilivty Fioal Wi Ran -
Multi_Ghannel_BER_Gompliance |ARYLRx_Recener_Sensiiviy Floal AN Ran [ [ son || Erors aovarmings || @ snapshotresuts |
Mulii_Channel_BER_Gompliance ATITx_Dj ul AWl Range <nane> 0
Mulii_Channel_BER_Gompliance ATCI Tx_Rj ul AMI Range | <nane> o
Multi_Channel_BER_Gompliance AT Tx_DCD ul AMI Range | <nane> o
Multi_Channel_BER_Compliance AT Modulation Sting  |AMIList |<none- a4 [+ [~ [+ [~ [+ [+ [« [+
Multi_Channel_BER_Compliance ATX1:PAM4_Mapping Sting  |AMIList |<none- o013z [+ [~ 52 [~ |52 B2 |- [
Mulli_Channel_BER_Compliance ATX1 Tx_Swing Fioal AWl Range |<none> 10
Multi_Channel_BER_Compliance ATX1:tap_fiter-2 Tap AMIList  |ATX1 Tap o [+ [~ [+ [~ 52 [+ [« [+
Mutti_:hannel RFR_Cnmnliance AT« fan fiter-1 Tan i List Tl Tan n I I I I | I I I
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56G At fBEHE

OB ()

Channel Network
Characteristic
Compliance

Channel SDD22

ADAGHy 17 A

F 80010k

T T 1 T | T
00 50 0o 150 w0 20

Hertz 4

08 (db)

TX1 Use this sheet to validate channel SDD21 and SDD22 compliance
si_serdes
S Ideal_Tx RX1
Sl_ldeal_Tx si_serdes
55.55ps - SerDes... Sl_Ideal_Rx
None Sl_Ideal_Rx
TX .. RX_.
IF' X R Fl>
§1

s_CEI_56G_LR_Ref...

Rules file "Channel_Compliance_Rules" is included

channel S0D21
S1_idnal_Rr, 5_tdeal_Tx

svson 0 anrs 95033,

LZTED¥
MATLAB BEXP

Interconnact Network TOR Responsa
S1_ioeal_R, 51_lieal_Tx

1050

10007

abms

9507

850

» an

Herz 1

100 50 00 20

21



56G&R g1t FEE{F E

Multi Channel COM
Compliance

[#] Signal Integrity Teelbox Channel Operating Margin (COM) Manager - O x
COM config path
Fisimimatlabi2021\CE_S6G_LRisi_linCOMConfig_com_CEI_S6G_LR xis Erowse
Pathto
com_iess8023_ d3am C:'Pragram Files'ATLABR2021 bitookoxisiiapps shareieee_camizom_ieee8023_93am Erowse
~
dlone.
Writing collected COM results to
Fisimimatlabi2021'CE|_56G_LRinter faces'CEl_S6G_L Ripre_simsiDefault ssetlogsicollected_com_results csv
dlone.
Running COM, check MATLAB Command YWindov for details
dlone.
Cresting s4p's
P TREHZ 21\CE|_S6G_LI El_S6C_LRpre_simsWiuti_Channel_COM_Compliance'default ssmigodiged_ttte nc =16p
Added the following folder to the MATLAB path
CProgram FilesWaTLABWR2021 btookhoxisiappsisharsiess_com
Check MATLAE Command Window: for status upcate
Path to com_ieee8023_93a m retrieved from last session as:
CProgram FilesWaTLABWR2021 btoolkhoxisiappsisharsiess _comicom_isssa023_93am
COM configuration path retrieved from last session as:
Fisimmetlab@0211CE|_S65_LR\si_IbtCOMconfig_com_CEI_S6G_LR xls
ictim(s] for Shest Mutti_Channel_COM_Compliance' --= Wictim_Rx
v

LZTED¥
MATLAB EXP

Use this sheet to test for COM compliance for a multi.channel application

RX
s
al |
ST ldeal Rx @

SUldeal Rx

]

RX3
si_serdes

s1
s_CFI_56G_LR_Ref... EH:::H‘I:

[— L

Hote: Package models for 12mm and 30mm lengths are accounted for in COM
I the user wishes to include their package model here, the C must be ups that madel ks not included

COM (dB) J COM fit loss (dB) J COM FOMILD COM ICN (mV)
i i

S [Yle [Yle [Yie [vio|
[3.27351768586497 |15.9168488496627 0.114890754791143 |0.224542350048092 [

Running COM .
This is not an official IEEE document.
This is a computation example for exploring COM for projects like P802.3bs development and P802.3by D2.1 (1.65)
Annex 93A is normative for some implementations
This code is a sample implementation of Annex 93A with some exploratory extensions and is not normative or official
reading file 1 2 3 4
processing COM PDF FOM search: 20% 40% 60% 80% 100%
1234
TX taps: 0.000000 -0.100000 0.620000 -0.280000 0.000000 0.000000
DFE taps: 0.308530 0.032422 0.071987 0.074243 0.065905 0.057002 0.048993 0.042100 0.036237 0.031256 0.027020 0.023411

e e

PASS ... COM = 3.274 dB

B T e T T
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56G At fBEHE

oz (my)

4

Arsoef 47 7160 0513m 1 33E18

Multi Channel BER
Simulation

Bathtub Curve Set
cel_550_le_ox, cel_56a_Ir_tx

i &
e e S—
e :
s 519 1
s1 8. o dx
% CH_566_LR_Ref_.
—= =
by s11
S ackage_tzmm 1. Eeepall

AUl swoup is inchuded in this shest from 186 to 206 (effective PAMA 36Gbas to 56Ghps)

12mm.

OM from IEEE 602.3b] Annex: 93

£9%0my 2 33eE ) )

Bathtub Curve Set
cal_S6g_Ir_rx, cal_560_lr_te

LZTED¥

MATLAB EXIPO

j Data Rate (Gbps) !I Symbol Rate {Ghaud)

Show BER
440044 §Show Persistent Eye

40

47.9852 N show Bathtub »
52.0021 .

55.0B6E Show Vertical Bathtul »
58,0046 [ ShowDJ

36.0036 §Show Contours »
il Show Waveform 4
44,0044 )

47 0062 Show Stimulus

53 0021 [ Show Jitter Transfer »

SB.8686 Y ¢pow probed Persistent Eve 4
58.0046

ap.0036 [ >how Probed Contours »
40 Show Probed Waveform

44.0044

Show IBIS-AMI Output Parameters »
47.9962

§2.0021 jShow Solution Space
56.8666 { chow Results

56.0048 Show On PCB

o 100

[ |
a0 a0 500

T
600

Protiabily

.

‘'

o —
—
-
-

-
-
-
-

-

"
4

)

i

-
Probabilly

Al
#

)
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Volts ()

BRHE

Bathtub Curve Set
alphawavelp_typ_v1_3_p, alphawavelp_typ_v1_3_t

112G A %15 1T #0118

‘\

1=

Time (0s)

typ

250

Probabity
Volts ()

AY

LZTED¥

MATLAB BEXIPPO

- N D Source Column Name Source Row ID #1
>
el [¥iel [Yle
1 D 1
2 Transfer Met sheetd
3 State default
State: default 1 Transfer Tl _ta_R¥d
Topology: sheett
X1 RX1 a # Errors a
B #WWarnings 2
7 Trmid Time (ps) Infinity
g Tmid Eve Heiaht (W) MNoDef
ﬁ a Eye Area (v*ps) Infinity
7 B 10 Ul (ps) 17.85
3
B 3 ormination... 11 Data Rate (Gbps) 111882
2 o 12 Symhol Rate (Ghaud) 55.391
s_tx_termination... 2 i ) e R
e 1 14 'TD BER Flaar 1.02562-06
i i) 15 TD Timing Offset (ps) -2.08007
'"55—‘1 16 TD Path Dalay (ns) 10,8623
1 7 17 TD Eve Height (v} 0
| A 18 TD Eye Margin (M) 000111138
b 1 ‘|:I S4 L 19 TD Eye Width {ps) 0.559338
s_rx_termination...
S:—“‘ 20 TD Threshold Eye Width (ps) 0.558338
s_tx_termination... 21 TD Setup Time (ps) 0.140138
22 TO Hold Time {ps) 0.4192
23 TD DJ Peak (L) 0.5
24 TD DJ sigma (Ul 0.180573
25 TO Clock PDF Mean (ps) a
Corner |Ul(ps) |Data Rate (Gbps) |Symbol Rate (Gbaud) TD BER Pattern b5 T Clack POF Sigma (ns) o
7 Data Pattern PRBS31_Yictim
Typ 17.86 111.982 55.991 2.8737E-06 PRBS310Q, 2 |Bits Simulated 590440
29 TO Upper Eye Height (V) 0.00405661
Slow 17.86 111.982 55.991 1.2187E-05 PRB5310, 30 D Unper Eve Margin () 00111133
kal TD Upper Eve Width (ps) 0.559338
Fast 17.86 111.982 55.991 1.0256E-06 PRB5310, 5 T U o e T i) SIS
33 TD Upper Setup Time (psy 0.140138
34 TD Upper Hold Time (ps) 0.4192
35 TD Center Eve Height (W) a
Bathtub Curve Set Bathtub Curve Set
alphawaveip_slow_v1_3_rx, alphawaveip_slow_v1_3_tx alphawavelp_fast_v1_3_r, alphawaveip_fast_v1_3_bc
B Cursoi(11560s -0311Y 2 BEAE-16 OEQ) -
060
0.40
[1Es
020
mi
H s £
BF . «
I 2 E11
— 3
020
1E15
-0.40 —E17 040 —1E17
N —E19 —iE-19
7”“""'""|""""'l""""'l""' 'DE°|VV|\|v.\lwvvw|\vvv\VVV|\-\V|\-\v1
0 50 100 150 200 250 300 350 0 50 100 160 200 250 300 350
Time oS\ Tty

slow

Probability
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