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Figure 3 Relentless advancement - switch silicon bandwidth
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150 Chip-to-Chip

CEI-2246-X5R

Chip to Co-Pkg Optics Engine

. o Pluggable
Chip P I

Chip to Module

B3

Chip-to-Chip & Midplane Applications

CE-24G-R ‘

Backplane or Passive Copper Cable

(EHUGVR |

CEI-2246-MR

Up to S0mm package substrate
1¢-15 or lower (FEC is allowed)

200mm of host, 20mm of module

1 connector
1¢-15 or lower (FEC is allowed)

500mm of reach
1 connector
1¢-15 or lower (FECis allowed)

1000mm of host and daughter cards
2 connectors
1e-15 or lower (FEC is allowed)

Source. OIF Next Generation CEI-224G Framework, OIF-FD-CEI-224G-01,February 7, 2022
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Figure 2 Next generation interconnect challenges
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Embedded optics — close proximity
(lower loss channel, no repeater chip)

S opics
#

Co-packaged optics Pluggable optics
(lowest loss channel) (w/ lower loss channels)

None are without challenges:
Pluggable: size, power, cooling
Embedded: density, longevity,

CPO: Packaging, Thermals, Ecosystem

Figure 5 Approaches to minimizing SerDes power

AN KEYSIGHT Source: OIF Next Generation CEIZ224G Framewark, QIF-ED-CEI-224G-01,February 7, 2022



Co-Packaged Optics (CPO) & Near Package Optics (NPO)
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CEI-LR Evolution

Table 1 Historical evolution of CEI-LR projects

1" Package Trace Loss Comparison

OIF CEl projects CEl-25G CEl-56G CEI1126G CEI-224G 0
Timeline 2011-2014 2014-2018 2018-2021 2021- o
Ethernet rate 100G 50/100/2006  100/200/400G 200/400/800/1600G
Switch capacity 3.21 12,57 257/50T 507/100T 0 47
Per-lane data rate 25 Gbps 56 Gbps 112 Gbps 224 Gbps © N

: —112G LR 1" package trace
Modulation NRZ PAMA PAMA TBD o 1L: 5,07 dB @ 56 GHz
Insertion loss 25083t 12.5GH: 30dBat14GHz  28dBat 28GH: TBD "8 224 Glps 1" package trace

® IL:-3.73dB @ 56 GHz
Reach objectives 5m copper cable  3m copper cable  2m copper cable 1m coper cable 10 , . . . .
0 2 4 6 8 10
Pre-FEC BER target le-15 le-4 le-4 TBD Hy 0"
X

SerDes architecture  Analog Analog/DSP  Analog/DSP TBD

AN KEYSIGHT Source. OIF Next Generation CEI-224G Framework, OIF-FD-CEI-224G-01,February 7, 2022



ARSI, KIFE. SNREVHELX

Table 3 Key parameters for different PAM schemes

Data rate, Gbps 112 224

Number of PAM levels 4 4 9 6 7 8 16
Bits per symbol * 2 2 225 2.5 275 3 4
Signaling rate, GBd 56.25 112.5 100 90 81.82 75 56.25
Unit interval, ps 17.78 8.89 10 11.11 1222 | 13.33 17.78
Fundamental frequency, GHz | 28.125 06.25 50 45 40.91 375 28125
Required SNR at slicer, dB ** 20.42 2042 | 2243 | 2404 | 2540 | 2656 32.55
SNR penalty, dB 0 0 2.01 3.62 4 97 6.14 12.12

* Assumes an efficient mapping of bits to PAM symbaols.

** For BER = 1e-6.

AN KEYSIGHT
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Analog DSP Coding
High speaed ADC enables FFE, DFE, and WMLSD for Leverage DSP soft
DsP architecture Stronger egualization imforrmation for higher

coding gain FEC

] E R -

- L

a— MNMLSD

Figure 9 Block diagram of a DSP receiver

Switch roepoator Medule Module repeater Switch

H-lE - .

Switch repeater Module Module repeater Switch

N m o - =

Figure 10 Shared FEC architecture (top) and Terminated FEC architecture (bottom)

DEC2
EMC1
DECL

ENC
JEC1
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CEl— An Essential Building Block for Co-packaging *ﬂlF

Pluggable Module Channel Example lllustration CPO/NPO Channel Example lllustration

Opticnal Separable Intereonnect

CO-FaCk AaaiMNGE

-~ = = e ASKC | Optical Module [OR)
AGA
. . 7= Lesd-lrame toosnsact pad
Host PCB | | Co-Packaged Assembly Subs

| Fitar

* Channel loss: 16dB ball to ball (22-24dB bump to bump) * Channel loss: CPO — 10dB bump to bump; NPO —13dB
*  Typical pluggable connectors: IL of “1dB with RL of -10dB bump to bump
@26.5GHz * Optional separable interconnect performance example:

LGA socket: IL of “0.05dB with RL of -40dB @26.5GHz

(0if2020.341.01, Nathan Tracy)
» Avoids/reduces major discontinuities.
* Optical modules are not end user pluggable.

* Significant power saving opportunity over VSR to be captured.

through standardization.

*|A broad interoperable ecosystem is the key to success|and can only be achieved

AV KEYSIGHT Source: OIF Co-Packaging Ihteropetabiity Bertio in Ore 2622
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N7005A UXR probe

UXRRTS IE =
EEE 60 GHz BW brickwall

N1046A Remote Up 110GHZ BW
Sampling Heads [

>100 GHz BW
~ N1032A/B
. Electrical = Optical Reference
> Tx Tests Receiver
G 120+ GHz BW
M8050A BERT NEW!
120 Gbaud NEW!
_,...Z" : Electrical Rx Optical Rx N4372E LCA &
El Tests Tests N5290A VNA
M8199B AWG |

@ " 110 GHz
256 GS/s & 80 GHz NEW! o |
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Figure 15 Equivalent-Time instrument measurement of a 112 GBd PAMA precision stimulus
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Measurement Current
@ CDR rate(1) 111.9720 GBd

® 5SER, per acqgleql) 3. 4A516E-O7
@ 5ER, per acg(1) 0.0E-=00
© Sigma-n(1) 5.65535 mVv

Source ,
B on (Scaling...| |@f2:Chl 4Port Chl | ¥ K2 |

.EI

| Q Display as function

CTLE | FFE | DFE 4L

Enable FFE
Mo ymbol Rate
[t12.000000000 GBd | ¥ | A
Taps
# of Taps # of Precursor Taps
6 Y| A || ¥ | A | Auto Set...| [Tap Setup...
Tap Delay Linear Bandwidth

Track Data Rate Y rack Source Bandwidth

Figure 13 Real-Time instrument measurement of a 112 GBd PAM4 precision stimulus system

i . Figure 14 Equalization configuration for 112 GBd PAM4
incident to the illustrated packages £ 9 £

AN KEYSIGHT Source: OIF Next Generation CEIZ224G Framewark, QIF-ED-CEI-224G-01,February 7, 2022
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PAM-16, 56 GBd ( 224 Gbps)

N1000A+ N1046A

ey DCA
« >100GHz BW
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M8199A vs

Specification/Criteria

M8199B

M8199B

M8199A with ILV

M8199A without ILV

Sample rate

DAC resolution

Number of channels per

module

Analog bandwidth —
including sin(x)/x roll off

Amplitude Range

Achievable amplitude

Sample memory
Waveform granularity

Connector type

Clock Module

AN KEYSIGHT

200 to 256 GSa/s
8 bits

1 channel (option -001) or
2 channels (option -002)

75 GHz @ 3dB
80 GHz @ 6dB
90 GHz @ 10dB

300 mVpp, se to 2.5 Vpp, se into
50 Q

600 mVpp, diff to 5.0 Vpp, diff into
50 Q

(at 100 MH2z)

3.0 Voo, dif @ 128 GBd
2.0 Vpp. diff @ 160 GBd

1024 kSa per channel
512 samples

1.00 mm
M8008A

200 to 256 GSa/s
8 bits

1 channel (option -002) or
2 channels (option -004)

55 GHz @ 3dB

67 GHz @ 6dB

>70 GHz @ 10dB*

(with remote-head, *limited by
1.85mm connectors)

100 mVpp, seto 0.625 Vpp, se into
50 Q

200 mVpp, diff to 1.25 Vpp, diff into
50 Q

(at 400 MHz)

0.6 Vpp, dif @ 128 GBd
0.4 Vpp, diff @ 136 GBd

1024 kSa pers channel
512 samples

1.85 mm
M8008A

100 to 128 GSal/s
8 bits

2 channels (option -002) or
4 channels (option -004)

50 GHz @ 3dB

65 GHz @ 6dB

>70 GHz @ 10dB*

(*limited by 1.85mm connectors)

100 mVopp, se to 0.83 Vpp, se into
50 Q

200 mVpp, diff to 1.66 Vpp, diff iNnto
50 Q

(at 400 MH2z)

1.4 Vpp. diff @ 128 GBd

512 kSa per channel
256 samples

1.85 mm
M8008A
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SD7150A = M8050A BERT + UXR-Series oscilloscope

PC Software

Pattern Generator (PG) «

» Error Detector (ED)

________________ [m———————————————
1

UXR-Series Oscilloscope

M8070x control,
measurement, & analysis

M8050A BERT

Tk x

M8042A 120 GBd PG Module
1 channel + 2 slots (shown)

2 channel + 3 slots
TREDICCCRNCL B R Ao
M8009A Clock Module
Includes jitter modulation

+ 1 slot

AN KEYSIGHT

Minimum 80 GHz bandwidth
2- or 4-channels

Analyzer-Detector

Pattern Generator Remote Head:
M8058A — Up to 64 GBd
M8059A — Up to 120 GBd
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224 GbpS Measurement Current Minimum Maximum
. ] Outer OMA 824.6 pW 824.6 pW 836.2 pW
* FlexRT in concert with the TDECQ
N7005A 60 GHz O/E converter, e
. Trans. Time (Slowest; 4,5) £L)
offers the convenient look and feel P
of the FlexDCA user experience
along with the familiar optical

measurements.

X

&

* Infiniilum UXR Series real-
time oscilloscopes provide
convenient PAM4, PAM6 and
PAMS clock recovery, and
advanced edge analysis (Jnu, T e e S
Jrms, EOJ) based on TR
programable edge definitions. B

« Error Detection at these higher
order modulation levels up to
224 Gbps

AN KEYSIGHT
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70.8GBd PAMS8 with Nyquist at 35.4GHz
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M8050A BERT — BERT platform up to 120
GBd (NRZ, PAM4, PAM6, PAM8) NEW!
UXRO0802A or UXR0O804A

fiber
Pattern Generator i
+ Adjustable ISI,
+ Sin., random and bounded :
Error Detector uncorrelated Jitter , :
* 10dB equalization :
+ sensitivity <10mV Eye Error Detector: & B
- 7dB equalization : Socket
e e  Senstoy <5y Epe v .
« sinusoidal jitter (SJ) : XSR EPattern Generator
- Adjustable Linearity direct-drive or E- channel de/embedding

proprietary

AV KEYSIGHT 19
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N5290A

« 4-port 120 GHz VNA for highest accuracy
Powerful de-embedding with Automatic Fixture
Removal

Industry best sub-millimeter spatial resolution

Applications

 OIF-CEI 224G

« OSFPmsa-200Gel

* 90Gbd PAMG6 /
112Gbd PAM4

sien [TGHIGmsHE e Hael]

Challenges = > i e A -
+ 100Q > 85 Q) ~’ 5 E
« 70GHz+ analysis Al
« Probing ﬂ‘ "",h_p"“"“""“
* IL deviation 0L
DUT NN
« ASICs . )(
 Chip-scale package @ =z =2 |- '
* Quad flat pack, etc. .. . . —— L
T e 4 [poctors <o}

AN KEYSIGHT
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UXR RTS
M8050A BERT «  Waveform analysis
* BER »  Error counting
«  Jtol + SWCDR
*  Burst *  Rx emulation
*  PAM4/PAM6

224G GearBoxit i

PHY chip RF amp

224 Gbps waveform
analysis & validation

112 Gbps Tx & Rx
conformance test
e.g. IEEE 802.3ck

N1060A DCA or UXR RTS

Eval board

« VEC

« Jnu, EOQJ

« SNDR M8199A AWG or

5 M8050A BERT

Channel &
component
embedding
PAM4/PAMG6

AN KEYSIGHT 21
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N77xxC Optical Component

Test Instruments

« N7776C Tunable Laser Source

*  N7745C Multiport Power Meters
* N7786C Polarization Synthesizer

E36300 Series
Triple Output Power Supply

Cw

BT SRR e

Grating Coupler

,o"lnteg rated RF+Bias
- heater

Grating Coupler
' 200G/A

PTAT Sensor"\‘

Picture from [1]

Bias-T

=]
e
=
=]
=
=3

DCA-X Sampling Oscilloscopes
*+ N21000A DCA-X Mainframe
* N21032A/B Optical mini-module

M8199A AWG
+ 128/256 Gsals
*  Arbitrary Waveform Generator

80 GBd PAM6

[1] Saman Saeedi and Azita Emami, "Silicon-photonic PTAT temperature sensor for micro-ring
resonator thermal stabilization," Opt. Express 23, 21875-21883 (2015)
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