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17,2 BBEECHE
2(1)14 2018 1 Tb/S
R IRIE=R: 100+ Gb/s
400 Gb/s e
LERRIEER: 56 Ghls /I 27
100 Gb/s ORI (28Gbaud PAM-8,
LepsiETR: 25 Gbls IEEyaEa 16-QAM, DMT or ??)
\ 56G NRZ 1
I 28Gbaud PAM-4
25/28Gb/s NRZ ik N
I 20177 ﬁgﬁiﬁﬁ
2RECHE
2015

KEYSIGHT

TECHNOLOGIES

PAM-4{Z5
MF=E S

Page 4



A

Al — -
100GEINE B Wiz
I S S Y =l [ e

100GBASE-ER4 Optical, 1310nm SM  25.78125 Gb/s 40 km
p— 100GBASE-LR4 Optical, 1310nm SM  25.78125 Gb/s 4 10 km
802 3ba/bm L1OOGBASE-SR4 Optical, 850 nm MM 25.78125 Gb/s 4 2?2 km
CAUI-4 Electrical, 25.78125 Gh/s 4 25cm  re-timed
Chip-to-module
100GBASE-KR4 Electrical, PCB 25.78125 Gb/s 4 1m
IEEE 100GBASE-CR4 Electrical, cable 25.78125 Gb/s 4 27
802.3bj 100GBASE-KP4 Electrical, PCB 25.78125 Gb/s 4 27 PAM-4
100GBASE-CP4 Electrical, cable 25.78125 Gb/s 4 27 PAM-4
32G Optical, 850 nm MM, 1 100 m
Tt Fibre Channel  Optical, 1300 nm SM  25:05 Gb/s 1 10 km
CEI-25G-LR Electrical, multi-board 1-n 686 mm
OIF CEI-28G-SR Electrical, 19.9 — 25.8 Gb/s 1-n 300 mm
daughter board
. 19.9 — 28.05 Gb/s
CEl-28G.vSR  lectrical, 1n 150 mm
chip-to-chip
Infiniband EDR 25.0 Gb/s 1,4,12 thd
KEYS'GHT PAM-4{ZE
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— XFF400GbE , 56 Gb/sHI5EIREIERREGM AE T ERIHERNE

— 56 Gb/sHYSERREHEEZ , AT LIRS

* 56G NRZ
+ TSR — EiEEH25/28GHEIREZR A _iEiH
- LR EERIRAE S STl
- BIENTMEENIEK — 17.8 ps Ul

« 28 Gbaud PAM-4
+ (SE1RFEAEE28 Gb/s NRZMERBEERIfRR
- HMHAITXSRx - BEZ , THINBES , FEBEX
- }R49.6 dBRYAT F{SIELL
- Ak — DBEREnHELS

o PRFRSCIN S T EB=#E FASKSCIN400GbE
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NRZ (EJTZEES) vs. PAM-4 (RiiF
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PAM-4
= &
. 2 NIEREEEE « ANEBEIRE
= i ey R ——— - SSRGS
« 28 GBaud NRZ = 28 Gb/s v STHEHEIRRITE  BE2ENEIE

v 28 GBaud PAM-4 = 56 Gb/s
- (FIRLUIEE | ERZEIRERIE
- ENIEZYITX/IRXIELT . EERIRA
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FOPAM-4BE RPN EIRE

- EeRkitRE
IEEE 802.3-2014 clause 94 (25.78 Gb/s as 13.6 GBaud PAM-4 in 1m
backplane)
« Low adoption rate — limited advantages over clause 93 — 25.78G NRZ

- IEEF &R ATICRYRE
a. OIF-CEI-4.0 (56G) — lane enabler basis for standards below.
OIF-CEI-56G-XSR-PAM-4 (Extra Short Reach interface)
OIF-CEI-56G-VSR-PAM-4 (Very Short Reach interface)
OIF-CEI-56G-MR-PAM-4 (Medium Reach interface)
OIF-CEI-56G-LR-PAM-4 (Long Reach interface)

b. IEEE 400G Ethernet (P802.3bs)/ CDAUI-8 — Electrical + Optical SM 1310nm

c. 64G Fiber Channel (highly leveraged from (a) and/or (b) above). Electrical + MM
850nm

d. InfiniBand 600G HDR (highly leveraged from (a) and/or (b) above).

PAM-455
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HAIYPAM-4IB(S RSt

Transmitter, Channel & Receiver
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Chip Channel Chip Chip-to-Chip
(e'g. VSR) e.g. CE|-56G_VSR (e.g. VSR) (CZC)
Fiber
Link Electrical
Chip Channel Opfical Q Opical p—— Chip « Chip-to-Module (c2m)
e.g. CEI-56G_VsR | Transceiver Transceiver ce-566_vsk | (eg.vs) | Optical
(e.g. VSR) = Module | km of fiber Module |59 CEI-S6C_ 9 P
Chip-to-Module Chip-to-Module e.g. CEI-56G-VSR-PAM
(v} (@)
Q Q
(= C
Q Q
= 5 Backplane
Backplane | @ o a
c o g Electrical Backplane
o3 o e.g. CEI-50G-LR using PAM
-C:n- Conn
Backplane Channel
(e.g. 50G-LR)
KEYSIGHT S
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PAM-4B93)85

- EWinS 2 EANGEEUEASRIIRE &K
FARTIFHITRIRZSE ( FEC ) b3
- FLARLA IS S IVRIAES -
* Linear Feedforward Equalizer (FFE/LFE)
« Continuous Time Linear Equalizer (CTLE)
 Decision Feedback Equalizer (DFE)

/ Receiver \

30 GBaud, 3 tap precursor)

30 Gbhaud, No equalization

Apply FEC to correct
bit errors.

RX input

< 4

PAM-4{5E2
= S5
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FEEMtE—= FARIREFERE S
- FTIREEEAA—HHERUSIELL
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&\.&a& £

e T W

BT DMENRE |, BIELE (FEC) MNTRAIRBHIGENEIR

PAM-AM5ZFFESY) , SREFIRAREY T M EF IR,
Fel TEFERTI8) 7 LR =& kA

FTHINNU e FTE MU A 3L TX) %
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mHIHbAY

PAM-4 UL

— B#RE (CR) - BIARERESTEIS | A& TR
- SCRYRERR ARSI E ST

« REENKAR SRR IRE ST

N e e S |

- g
- IRESFREIRKITE | W RSHIBERMERE

- REDUT TxHIREHLIER ( RN ) S5kBREESHIRNFHS
FIIBEFRSNEE | 71582 ERESHRN

- FISRIBEEZIHIEE (slew rate, S) SFIRFERIF WA T
AM/PMAYEEHRSIN TR IR /9350

» REFRREE A LURMMER S FRRAI AN RS
( EH A AR S RRERES- 1065 )

Jitter

Eye diagram using 50 GHz Oscilloscope with 8
mV rms noise.

PAM-455
S Page 14
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PAM-4BUHE s —E BV EL &
PAM-4 K& Mz I H EEFHRINER  EZFEE
- [BEERERNNSENSE SR ? XEURFEIEFRXANZ T

B—RIERNSES (6140 : PEER ) BERSE S ($HE—1R )
« XT3N A RAERRRCRERZ - B—MIREERMYAIERAER
- RENIRITEAER , (BEEREAREEE! - FLUERIBIFHISERIERE , (BRXIRITEZ

BIFRISER4RE

. SEIREYrh HIFAIERE ?

« EAIREANE... ... R

« RAIRSRINE.. ... S T
— NN

- HEHWERX? e

{540 : OIF-CEI 56G-VSR PAM-4
v BN PERR , ERIRREMNE

KEYSIGHT

TECHNOLOGIES

Time of Level: JSTRe=hcl

PAM-455

HNF=ESoHT Page 15



A S :l
PAM-4 iz A2
» Reference: |IEEE Std 802.3bj-2014, Amendment to IEEE Std 802.3™-2012 as amended

by IEEE Std 802.3bk™-2013
PAM-4 transmitters must be capable of generating:

« JPO3A Test Pattern

- Repeating {0,3} sequence

« JPO3B Test Pattern

- {0,3} repeated 15 times, {3,0} repeated 16 times
03030303030303030303030303030330303030303030303030303030303030

« Transmitter Linearity Test Pattern

» The transmitter linearity test pattern is a
repeating 160-symbol pattern with a sequence of
10 symbol values each 16 Ul in duration.
{-1,-1/3,+1/3,+1,-1,+1,-1,+1,+1/3,-1/3}

» 10 consecutive symbols mitigates the impact - 2 | | | —
of ISI on “Level” measurements (V,, Vg, Ve, Vp) Vs ‘
| S e e
> Level Separation Mismatch Ratio (RLM) Rpy = o Smin -
S 16 U

* Quaternary PRBS13 Test Pattern (QPRBS13)
» The QPRBS13 test pattern is a repeating 15548-symbol (338 training frame words) sequence

Will these be leveraged into future IEEE/OIF PAM-4 Standards? Probably some leverage...

KEYSIGHT
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JPO3BIE A
EE T LA 2

— JPO3BE— 62t R A BN R AL HIRT AR Ee

-{0.3}EE15K , {3,0}FEE16/X
03030303030303030303030303030330303030303030303030303030303030

— JPO3BES T NUEIN
- Random Jitter (RJ)
- Periodic Jitter (PJ)
- Even-Odd (F/2) Jitter
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> FIRBE (MTHES

§ 0.4
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E 0.2
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> Per IEEE Std 802.3bj™-2014
(Amendment to IEEE Std 802.3™-2012
as amended by IEEE Std 802.3bk ™-
2013), measure:
/IMSSHEF , Smin
BFFSHY , ES1 & ES2
EESE)fRARECEL . RLM

KEYSIGHT
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40 60 80 100 120 140
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Figure 94—-18—Transmitter linearity test pattern

_ min(Vy— Ve, Ve— Vg, Vg— Va)

Sr:l:Li.r:L - 3
y = VatVetVc+p
avg 1
ES. = J’TB B If:u'g ES, = V'C B I,arg
! F_-fl, - ]/’u_g J’TI.‘J - Fzrg
6-5_;
Ry = ——
Vp—Va
PAM-4EE&
Nr=ES5D1T
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QPRBS13 - EE 3L l)\Jl_t
JL ﬂ:FI—’ZEJPRBS’| 31)\J1_tﬁt_,jﬂ Eye Centric Measurements

- ETIRERINERE :
« Eye Height
Eye Width

Eye Skew

EW and EH likely to be specified at
a relatively high probability (e.g.
EW @ 1E-6)

Level — mean, “thickness”, and
skew at the points of minimum [SI.

Level Centric Measurements

KEYSIGHT
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TX MR 753% - LAIEEE 802.3bj Clause 9479451
IEEE 802.3bj Clause 94 £ TxAYMR s LA AU T3 EL

1. FIAJIPO3BIBEIUIREITHESE
MERJ, Periodic Jitter, Even-Odd Jitter (EQJ, or F/2)

2. BFRHHNAEIAEE TLPAV- 4SS 08
¥. IRELIRBFEEESER
B ( BBEEIER )
Ly
2% E (R, Ratio Method,...)
3. BEFQPRBS1BEIFAIFF XL (HIICTLE )
i AREtEXAYSEN :
Eye Width @ 1E-6
Eye Height @ 1E-6
Eye Skew

KEYSIGHT
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Keysight X3 FPAM-4ES RIS 5 2=

Keysight f£20155F )55 — N RIMzHELH 7 E TR miKaa 1L 7~
KERHIPAM-MSSDITNERS

« 86100D-9FP for the 86100D DCA-X

=
<]
0%

* N8827A/B PAM-4 Analysis Software
for RT scopes

“é@ o o] @N

XA R TR BT K ERRIPAM-AZECNE | (BASHEL)
RESEHIRKEES , AR ER SHANEXANHITLLE.

KEYSIGHT
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Al FAKeysight N8827 A% #r T ELiH{TPAM-4I5,
Infiniiumy~ipZes B FIREIFNIREENZ/Y3{EG T B2

— PAM-4sLRTHRENE
+ S PAM-ABRAGIRES. AREEATAERTAR (R

— PAM-4iRZHZNE

B EETHE RMSER B

. E—ANEEHEIETIE

- PAM-A{=ERFFEER6TEETREW EFHT
BEAE]

- N#ECTLE, FFESDFEIfE e

© Eye 0/1 Skew{m1

T Eye 2/3 Level(m1

B Eye 1/2 Levelfml -15.

® Eye O/1 Levellml -985

B Level 3 Mean{m]

B Level 2 Mean{m] 306 m'

® Level 1 Mean(ml1 -59.

B Level O Mean{ml - .1 m!
® Level 3 RMS(m1)

& Level 2 RMS(m1) 77473 mV
® Level 1 RMS(m1) 7.3821 mV
L Lewel O RMS{m1) 9.6787 mV X 96787 mV

n 5 12,6202 ps
© Eye 1/2 Width{m & s .0 s 15.5048 ps
e Eye 0/1 Width{m
9 Eye 2/3 Height(n
8 Eye 1/2 Height(n 36.9 ;

=
i
o
(]
=
]
=]
]
=
B

KEYSIGHT PAM-4{5S

TECHNOLOGIES BFEESo Page 22



ByE2H%s ( Forward Error Correction )
EE A

- B—LUEARG

O changedto 1

e A
0/0|]0(0|10|O0|1T|0Op—>{0O]O0O(O|O0O|T|O]|T]/O
Sent Received
— BKIRNG Length of burst

error (8 bits)
Sent < >

O117{0(0|10|1[{0[0]0]|1 O|0[O|1]1

0
l i l l Corrupted bits
1

OlT1O0O1T1T|1T|1T10(T1T[0]1 O(ofo|1]1
Received

KEYSIGHT
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IRMSERE ( BER )

I Add Measurement Add Measurement

- Measurement —————————— - Desaription - Measurement ———————— - Description

Mixed BER (Cumulative)
Spectral BER (Per Acq)
SER (Cumnulative)

Eye
SER (Per Acq)

Histogram =|| Clock recovery rate p e r a cq

Call Hima

Mixed BER (Cumulative)
Spectral BER (Per Acq)
Eye SER (Cumulative)}

Histogram || 5ER (Per Aca) =
=| Clock recovery rate

Call Hima

Source

Channel 1 - 3 giﬂ%‘ém&ﬁ

UL EF
- Pattern Length ﬁgi{xg

Source

Channel 1 - 3

TRBIBERIBIY

- Pattern Length ————— 435’9?67,31%65
Auto

Thresholds... |Thre3holds: 167.734 mV,-12.8955 mV,-192.127 mV

Thresholds... |Thre3holds: 163.203 mV,-13.4569 mV,-187.202 mV
Limit Test... |

Limit Test... |

BER (Cumulative) BER (Per Acq) £/~
ERNKRAR S IR IR RS E
R R AIRIEER HIRAE R

KEYSIGHT

PAM-4{Z5
TECHNOLOGIES

S Page 24




|1|

|seaw |EJ!1]9,||'\| SE3W W

[2.00 ur
r#j Results (Measure All Edges)

Measurement
© BER, Per Acg(1-3  1.62090E-05 1.62090E-05

© Eye 2/3 Width{l- 0.0s 00s
© Eye 1/2 Width{l- 60fs 60 fs
© Eye 0/1 Width{l- 0.0s 00s

SIUBLLIBINSED

KEYSIGHT

TECHNOLOGIES

- SCHI 730

. |'@|115 mvy/

.Real—Tlme Eye
154.236 kUl
1 Wfms

- Action

25 DI EBERMI

| |16
|te| 10.0000 ns
|to|10.0000 ns |

|te|10.0000 ns |

Stop on Failure

. Perform MultiPurpose on Failure |Set up

|o.0 ur

349 mv

-466 mV
00s 700 ps 140ps 35.0ps 1-3

|of 4 |BER, Per Acq(1- a

1.62090E-05 1.62090E-05
0.0s
60fs
0.0s

PAM-4(EE
B S S

Page 25



BERMIETLIEE

— TS : EFABER/SER |, LN BEURIEFEIBER/SER
— BERZIHE ( IoFliRPR{E ) . BER 10E-5, 10E-6, 10E-7.
— BEURIFABERNIEZ |, STETEUREBA R IR R EE it Tt A

- PAM-4RRERF , KBERIZIBENXEINEE ( B K HINRASHINIE )
Limit Test *
Enable Limit Test |Add Measurement |  Copy from Results _|0% |

Measurement

___ Count |
B4 © BER, Per Acq(1- |Fail Count in Range| Y | 5 |1 — = ?e?ii%EEjEJL‘,L)Eﬁ“EYﬁ\I:E}

16 Xk ‘
— 7| |7 RRFHIBEIPHIIX MR
B © Eye 2/3 Width(1 |Outside Limits | o |to| 10.0000 ns | B e TENX

B © Eye 1/2 width(1 |Outside Limits 1 o. |to| 10.0000 ns |

B O Eye 0/1 width(1 |Outside Limits 1 o. |to| 10.0000 ns |

- Action
Stop on Failure
. Perform MultiPurpose on Failure |Set up Mu[tipurpnse|

PAM-455

=L 591 Page 26

KEYSIGHT

TECHNOLOGIES



ENHIMERIEAEE AR
SCAY R EE ST E H UL RIS BB B FFIRE

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Ja.{ 15
®[usmy Joov @1

TECHNOLOGIES

=t
3
o
=
o
@
®
=
®
=
(]
=
=
)
©
wn

-116 mV

RS TERE 2esmy
ZTHEE—MRG
HIRILERIH T -349 mv
Pl
-466 mV
539.76 ns 530.81 ns 39.86 ns 539.91 ns 539.96 ns 40.01 ns 540.06 ns 540.11 ns 540.16 ns 540.21 ns 54026 ns 1-3
)@ |50ps/  |540.00594ns |@ T (][] |of 4 BER, Per Acq(1-| ¥ | 1 |

|-F| .Results (Measure All Edges] |

O BER, Per Acg(1-3  1.62090E-05 1.62090E-05 1.62090E-05 1.62090E-05 0.0E+00 0.0E+00

KEYSIGHT
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B PAM-4 U2

APSES

RAIPAMARTET AR TR

JER44

A N

PAM4 App Device

[ File View Tools Help

||Dﬁ‘rﬂ|m'>“>_5

r B ®le

TaskFlow _| SetUp SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |

Select Tests

E

O PAM-4Tests

| SetUp =0
=8 m el Cutput Voltage Measurements (pattern: Linearity Pattern)

~[]© Level Thickness - Linearity pattern
-] Level RMS - Linearity pattern

0O Level Noise - Linearity pattern

[J© Level Separation Mismatch Ratio - RLM

B[] © Output Veltage Measurements EYE (pattern: PRESN Pattern)

[ < Level Thickness - PRES pattern

[0 O Level RMS - PRBS pattern

[ O Level Noise - PRES pattern
-] © Level Separation Mismatch Ratio - RLM
[]© Main Voltage Measurements (pattern: PRESN)

--[]© DC Common Mode Output Voltage Test
-] © AC Common Mode Output Voltage Test
w-[] © Differential Peak to Peak Output Voltage Test
[ Jitter and Signaling Rate Measurements (pattern: PRBSN)
--[] O Signaling Rate
-] Even-Odd Jitter
---[] © Bounded Uncorrelated Jitter
-] & Total Uncorrelated Jitter
[1© output Waveform Measurements {(pattern: PRBSN)
- []© Steady-State Voltage Vf
-] Linear Fit Pulse Peak
-] © Signal-to-noise-and-distortion ratio
B[] © Mormalized Coeffident Step Size
B[] © Full Scale Range Tests
-0 ©O Minimum Pre-cursor Full-scale Ratio
-0 © Minimum Post-cursor Full-scale Ratio
[J© Return Loss PNA/ENA Measurements
[J© Differential Output Return Loss
[J© Commen-mode Output Return Loss
~[J© Common-mode to Common-mode Qutput Return Loss
~-[]© Common-mode to Differential Output Return Loss

D ) Differential Peak to Peak Output Voltage Test with TX disabled

(Click a test's name to see description)

OTests (Checkth

Select Meas urement Ophon—

i+ PAM-4CEl
" PAM-4 |EEE

 N1085A PAM-4 Measurement App
for Ethernet and OIF-CEI (for the 86100D DCA-X)

 N8836A PAM-4 Measurement App
for Ethernet and OIF-CEI (for the real-time scopes)

““& ©© @&5

KEYSIGHT

TECHNOLOGIES

PAM-4{ZE

NF=ESDHT Page 28




Keysight PAM-4;I1 & 17 FF
TR 20 MU T

Provides comprehensive coverage of all PAM-4 tests that are specific to the Clause you
are testing. You may click on all tests, a group of tests or individual tests. The full test

name appears in the test list, and is also shown in the test results and reports. A
description of the test and reference to the Standard / IA are shown for each test.

E|D ) Qutput Voltage Measurements (pattern: Linearity Pattern)
-1 Level Thickness - Linearity pattern

_) Level RMS - Linearity pattern

i [] O Level Noise - Linearity pattern

b [0 Level Separation Mismatch Ratio - RLM

» Linearity (RLM) and Level Measurements

« Eye Width (EW), Eye Height(EH) Measurements
D ) Eye Heightf\Width Measurements (pattern: PRBSR)

-] O Eye Height
L[] C Eye Width

« Output Waveform Measurements |
#] © Output Waveform Measurements (pattern: PRESN)

----- O Steady-State Voltage Vf
----- » Linear Fit Pulse Peak
----- O Signal-to-noise-and-distortion ratio

Pl us El-[w] © Mormalized Coefficient Step Size
. : : AN Data Maoaciirormonte e 0 abs Coeffident Step Size o L)inc c0)hold of-1)hald
J Itter an d SI g n al In g Rate Measu rem ents ----- () abs Coeffident Step Size of1)dec c(0)hold of-1)hold
(J POSA/J PO3B pattern) ----- ) abs Coeffident Step Size c{1)hold c(0)inc of-1)hold
e DPatiirnl nece Meaciiraemente e » abs Coeffident Step Size c(Lhold c{0)dec c(-1)hold
Ret_u rn LOSS Meas urements ) abs Coeffident Step Size c(1)hold c(0)hold c(-1)inc
(US|ng ENA/PNA, or N1055A TDR) ----- ) abs Coeffident Step Size c(1jhold c(0)hold of-1)dec
El-[w] O Full Scale Range Tests
----- ' Minimum Pre-cursor Full-scale Ratio
----- ' Minimum Post-cursor Full-scale Ratio
KEYSIGHT PAM-4{55
TECHNOLOGIES NS Page 29




v Best for validating / characterizing

PAM-4 designs.
(best signal fidelity due to lower noise).

@ & o =@
s © '_* = @ g
co” Yoy
0 done BN spmee e
.6'-",— -

:\o’ o "
1§

Electrical — Sampling Scope

(includes built-in clock recovery and precision timebase)

KeyS|ght 86100D DCA-X with 86108B
Channels: 2

* Bandwidth: 50 GHz

+ Jitter: <45 fs rms typ.

» Electrical Clock Recovery — integrated HW Clock Recovery
works with PAM-N signals up to 32 Gbaud

+ 86100D-9FP PAM-4 Analysis Software

* N1085A PAM-4 Measurement App for Ethernet and OIF-
CEl

KEYSIGHT

TECHNOLOGIES

= /J\uilz EIJPAM Nl)\h_tfj_x

(=B
_l|:|-5

v Best for troubleshooting PAM-4

designs.

Lo} C“

o

@ 6:6 6:6]

0
6

s @
=

Electrical = Real-time Scope

KeyS|ght DSO Z-Series
Channels 2-4

« Bandwidth: up to 63 GHz
+ Sample Rate: Up to 160 GSals

* PAM-4 Serial Data Analysis Wizard

» Software Clock Recovery (specify transitions for CR)

* N8827A PAM-4 Analysis Software w/ BER!

* N8836A PAM-4 Measurement App for Ethernet and
OIF-CEI

PAM-455

NE=ES5o Page 30
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I 2sBYPAM-NIGT 5 Z=-5/

r

Optical (add Electrical/TDR remote heads)

Agilent 86100D DCA-X with 86105D-281
* Channels: Up to 2 optical per module, 8 electrical
» Bandwidth: 34 GHz (optical), 60 GHz (electrical)
+ Jitter: < 85 fs rms typ. (with 86100D-PTB)
* N1070A Optical Clock Recovery (external)
* 32 Gbaud Single Mode
* 14 Gbaud Multimode
» Electrical Remote Heads
* N1045A 60 GHz Electrical Only
* N1055A 50 GHz Electrical with TDR/TDT
+ 86100D-9FP PAM-4 Analysis Software
¢ N1085A PAM-4 Measurement App for Ethernet and OIF-CEI
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41 A\ (Rx)illliz, - PAM-4 {55775
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BT 2IENRZ PPGERK : BIII0 #3528 A EIRENERINRZES S 1EEPAM-4

NRZ
Pattern #1 g OCE
2 channel
BERT
NRZ | (equal
Pattern #2 " delay)
+ ISR

+ “Drives like a BERT” — very responsive to stress control changes
+ BRAY_LFrATIE]
- BIEMIESEAN(SI, RJ, BUJ, Even/Odd, SI, RI, etc.)

- BRI - B PAM-MESHE2RSMREHIREUR £,
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AN (RN — PAM-4 (S5 =418
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BI—CAWGHLF4PAM-N (22 |, EZEESiA32Gbaud
+ ABRTFPAM-4 — BEF-E(HAEERAHIES ( PAM-S,... )
+ BEr (R AIESD - Blah , IBETFI , 1B, IEZ&ME ., .
- Future proof — tNESEIHTHIRIZIESISEE
- AWGH LABIH RSz B r = B MrvES
+ BNIRT — BARRIBA
- FEEHUR R LIRS PNPAM-NIEE

- BRI FFFRY
BERTLFEAE TS B TR X AIPAM-4 TR B R
- BHBEY_EFHATE

- BB R—R RN RIEE
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AWG-Keysight M8195A & M8196A

\YISHRSISYAY M8196A

Up to 65 GSal/s Up to 92 GSa/s
25 GHz BW 32 GHz BW
Up to 4 ch. 4 channels

EEEEEED

8 bit resolution 8 bit resolution
limited playtime

Applications

» 32 GBaud PAM-4 Applications

» Coherent optical » 56 GBaud PAM-4

* RF with >4 GHz « Coherent optical
modulation BW

Go where you have never been able to test before:
in speed, in bandwidth and in channel density. Explore your possibilities

PAM-455
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M8195A 65 GS/s AWG PAM-N FEEY 4S8

1-4BE

I oA icAClicAGl -—
65 GS/s — 8 bit el e --%

25 GHz 18|/
EERIEIRI : <200 fs typ. (32G NRZ)

EZHDHHEE : 2 Vpp (diff)
RTF : &= KAJ15%E16GS (up to 2°24-1 resp. 2°31)

Pt R S o Industry leading source for PAM-4
ST 2R PAM-4, PAM-8 RIEUMBEIVERISEE -
o G = ¥ FHEFOFDM, QAM-N
| A TN BERENSTEI RS
U )L EFETiE. 1SI. #i5). DCD. noise, ...
o s (8 Future proof—,T)?El’J}_ PAE it ;E%szg){
= = @ i
= B= =
= & &
= = =
B3 B3 B33
E3 B3 B3
= = =
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Keysight M8196A AWG

» Highest speed =92 GS/s
« Extremely high bandwidth = 32 GHz

« High channel density =
Up to 4 synchronized channels

» Differential outputs:

* 8 bitresolution
* Rise/Fall times below 9 ps

+ 512 kSa memory

KEYSIGHT

TECHNOLOGIES

20 GBaud PAM4
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56 GBaud PAM4
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PAM-4 /\25

— PAM-4 signaling will be an enabler for 400G links

=

— Transition from NRZ to PAM-4 is revolutionary

« Many new challenges - New science

— Required Tx measurements and Rx stress types will change |

— Keysight provides leading tools for PAM-4 Simulation, Tx and Rx Characterization

» Tx Characterization Oscilloscopes

» Keysight 86100D DCA-X sampling oscilloscope

* N1010A FlexDCA remote access analysis/simulator

* N1085A PAM-4 Measurement Application for Ethernet and OIF-CEI
» Keysight DSAZ 63 GHz real-time oscilloscope

* N8827A PAM-4 Measurement Tool With BER

* N8836A PAM-4 Measurement Application for Ethernet and OIF-CEI

« Rx Characterization:
» Keysight M8195A/M8196A AWG, 81490A optical transmitter, NL010A FlexDCA
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Thank you for your time!
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