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LINEAR PHYSICAL INTERFACE (LPI) MACOM
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INTERFACE INTERFACE

200GMII = 200 Gh/s MEDIA INDEPENDENT INTERFACE FEC = FORWARD ERROR CORRECTION

400GAUI-4 = 400 Givs FOUR-LANE ATTACHMENT UNIT MDI = MEDIUM DEPENDENT INTERFACE
INTERFACE PCS = PHYSICAL CODING SUBLAYER

400GMII = 400 Gh/s MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT

MAC = MEDIA ACCESS CONTROL PMD = PHYSICAL MEDIUM DEPENDENT

CGMIl = 100 Gb/s MEDIA INDEPENDENT INTERFACE



Channel Insertion Loss Budget & Host LPI MACOM.

> Align host loss with 100GBASE-CRX

Host 6.875dB Module
Host insertion loss up to )J»Q’ﬂﬁ Module insertion loss up to|2.5 dB

= =

Transmitter /” > | F——— Receiver
n
Host Module
LPI LPI
component component
Receiver |4 —~ M————————Transmitter

n
Connector insertion loss up to[1.6 dB I‘*i—}"f
Mote—The number of lanes n is egual to 1 for 100GALUI-1, 2 for 200GALUI-2, and 4 for 400GAU-4.

Modified  Figure 1206-2—100GAUT-1, 2006AUT-2, and 400CAU=4 C2W insertion loss budget at
26.56 GHz

100GLPI-1 400GLPI-4
200GLPI-2



Host Output: TP1a MACOMNM

> Modify to specify an electrical TDECQ with minimum swing from host

MOdIfled Table 120G-1—Host output characteristics at TP1a

Parameter Reference Value Units
Signaling rate per lane (range) 120G.3.1.1 53.125 =100 ppm GBd
DC common-mode output voltage (max) 120G.5.1 28 v
DC common-mode output voltage {min) 120G.5.1 0.3 \Y
Single-ended output voltage (max) 120G.5.1 33 \Y
Single-ended output voltage (min) 120G5.1 04 v
AC common-mode RMS output voltage (max) 120G5.1 17.5 mV
Differential peak-to-peak output voltage (max) 120G5.1
Transmiter disabled 35 mV Insert minimum output voltage pk-pk
Transmifter enabled 870 — with value TBDmMVppd
ESMW (eve symmetry mask width) 120G.3.1.6 TBD Ul
Evye height, differential (min) 120G3.1.6 15 mv Electrical TDECQ: TBD
Vertical eye closure {max) 120.3.1.6 9 dB
Common-mode to differential return loss (min) 120G.3.1.3 Equation (120G-1) dB
Effective refurn loss (min) 1206313 TBD dB
Differential termination mismatch (max) 120G3.14 10 %a
Transition time (min, 20% to 80%) 120G.3.1.5 TBD ps




Example host output test configuration MACOM
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Modified Figure 120G-6—Example host output test configuration



LPI Simulations:
Electrical TDECQ & Optical Output MACOM.

C2M MACOM TX IC VCSEL with 26GHz BW
Channel
w/Connector (
Host DRV g ) >L CTLE E/O
Parameter Symbal Value Units
Device package model
Single-ended device pad capacitance Cy 12x107 nF
Smgle-ended device series inductance L, 0.12 nH
Single-ended device bump capacitance Cy 3107 nF
Transmission line length, Test 1 Y 12 mm
Transmission line length, Tx Test 2 I 31 mm
?ansn:us-nm lline length. Rx Test 2 Zp . 90929 - l]:&m
ransmission line parameter. a; aj 1909 = ns''“/mm .
Transmission line parameter, a» as 2772 x 1074 ns/mm p—
Smgle-ended packﬁge capt:citailce at package-to-board mterface C; 87 %1070 nF B T F I |te r 2 2 G H Z
Transmussion line characteristic impedance Ze 875 nF
Transnussion line 2 length I3 1.8 mm
Transmission line 2 charactenistic impedance 2}22 925 Q
v v
Description 5-tap TP1a Electrical 9-Tap TDECQ At Fiber
TDECQ [dB] Output with 22GHz BT
1 mellitz_3ck_01_0518_C2M\9dB 9 1.36 2.03dB
15C Lim 15 with updated QSFP-DD 10 1.45 2.1dB
connector ’ ’



Linear VCSEL Driver Demonstrations MACOM.

Linear Tx Interface Demonstration - MACOM.

26GBAUD VCSEL Result .
Experimental set-up

~5dB Loss
SPA

Agilent 41568
OM3 / OM4 MMF

Pattern Generator ! g E ? -
Optical Plug-In T-Spaced
850nm II-VI with TXxFFE —  BiasT VCSEL I SRCFiter (— BTFilter [— ?
Keysight 86105D FFE

Keysight BERT
(M8045A)
26GBAUD

OSFP MCB/HCB
Mated Pair

MALD-38435
Linear VCSEL
Driver + VCSEL

Laser Keysight M8040A

850nm Optical
R Bias-T =
' J;j Tx Path - Optical Output Comparison MACOM. |_| near Drlver
+ OM3: EMB = 2000 MHz km @ 850 nm
+ OM4: EMB = 4700 MHz km @ 850 nm .

> TDECQ: FFE able to improve optical output from MACOM Optical Evaluation Board

« TDECQ 1.78dB (without MCB/HCB pair) vs 2.65dB (with MCB/HCB) 3
« MALD-38435 can be further optimized to interface directly to hosts Eye d Iagra m afte r 100 m O M4

TDECQ: 3.5dB Outer ER 3.8

MALD-38435 optical output without MCB+HCB  MALD-38435 optical output with MCB+HCB

latchman_3db_adhoc_0l1la 090320

14 * 100 m OM4 link: TDECQ within 4.5 dB with a 9-tap Rx FFE

ingham_3db_adhoc _0la 062520 .



Module Output TP4 mMmaAacom

> Modify to specify an electrical TDECQ with minimum swing from module

MOdIfled Table 120G-3—Module output characteristics (at TP4)

Parameter Reference Value Units
Signaling rate per lane (range) 120G.3.1.1 53.125 = 100 ppm GBd
AC common-mode output voltage (max, RMS) 12051 175 mV
Differential peak-to-peak output voltage (max) 120G.5.1 000 mv Insert minimum output voltage

> pk-pk with value TBDmVppd
Near-end ESMW (Eve symmetry mask width) 120G3.16 TBD Ul
Near-end eye height. differential (min) 1206316 24 mV Elee Fz:lt?i(iteal\/\'llltg E CQ TBD
Near-end vertical eve closure (max) 120G.3.16 15 dB
Far-end ESMW (eve symmetry mask width) 120G316 TBD Ul
Far-end eve height. differential (min) 120G3.16 24 mV Remove — LPI has lower loss
budget relative to C2M

Far-end vertical eye closure (max) 120G.3.1.6 75 dB
Far-end pre-cursor ISI ratio 120G.5.3 TBD —
Common-mode to differential refurn loss {min) 120G313 Equation (120G-1) dB TBD
Effective refum loss (min) 120323 TBD dB
Differenfial termination mismatch ({max) 120G3.14 10 %
Transition time (min, 20% to 80%) 120G3.15 TBD ps
DC common-mode voltage (min)* 12051 —350 mV
DC common-mode voltage (max)® 120G.5.1 2850 mV

* DC common-mode voltage is generated by the host. Specification includes effects of ground offset voltage.



Example Module Output Text Configuration

> Evaluate module output in alignment
with host capabilities

9+ FFE Taps
 DFE Taps

Crosstalk
calibration

Terminations

Module under test

—>

Nz e cugh he epe d3ram, it encs
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TP I B
------- >4 Crosstalk generator .-~ f = % &
M CE Figure 121-6—TDECQ reference equalizer functional model
Measurement receiver
—.. ——M™
\\ ar Reference
TP4 l Receiver
Scope
WA or Reference
scope CRU

—  Amow showing signal flow
—= Amow showing mechanical insertion
Electrical signals shown single ended for clarity

Modified Figure 120G-7—Example module output test configuration
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Stressed Optical Source
(3.5dB SMF TDECQ — 5Tap) --> MACOM PD/TIA --> Electrical TDECQ MACOM.

KEYSIGHT File Setup Measwe Tools Apps Help

3| wovfam (>

Performance after 10dB
of trace loss & 16tap FFE

Stressed Sensitivity Better than -8dBm OMA
(BER 2.4E-4)*

*100GBASE-FR1 Spec = -2.5dBm OMA

TDECQ FFE Taps=9
Electrical TDECQ =2.17dB
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Simulated Rx Path Performance MACOM.

> Stressed input
 TDECQ = 3.4dB stressed Linear Rx

Stressed

> Rx MACOM TIA & PD modeled ovieal it (" e

) ). *ASIC Rx with
> Channel: » : Package

* Lim15c leveraged in 802.3ck
e 10dB at Nyquist for channel, 13dB total loss

> ASIC Rx Lim15c & 16tap FFE

- IP* & Package (802.3ck) modeled Stressed Sensitivity Better than -8dBm OMA
(BER 2.4E-4)

100GBASE-FR1 Spec = -2.5dBm OMA

* 16 tap FFE (selected to correlate with lab result)
* Additional taps (FFE&DFE) expected to improve result

* With Support from Cadence IP

11



Host Input Characteristics

MACOM.

> Modify to specify an electrical SECQ with minimum swing

| Modified Table 1206-5—Heost input characteristics
Parameter Reference T‘?“ Value Units
point

Signaling rate, per lane (range) 120G.3.1.1 TP4a 33125100 ppm | GBd
Differential peak-to-peak input voltage tolerance {min) 120G.5.1 TP4 200 mV
Common-mode to differential refurn loss (numn) 120G.3.1.3 TP4a Equation (120G-1) dB
Effective return loss (min) 120G.33.1 TP4a TBD dB
Host stressed mput test® 120G.3.3.2 P4 See 120G.332
Differential termination mismatch (max) 120G.3.1.4 TP4a 10 %o
Common-mode voltage® 120G.5.1 TP4a W

Min 03

Max 28

*Meets BER specified in 120G.1.1.
bGenerated by host, referred to host ground.

Insert minimum output voltage pk-pk

—_— with value TBDmVppd

]’ Electrical SECQ TBD (Reference Section TBD)

12



Example Host Electrical SECQ Configuration MACOM

Frequency
synthesizer

¥  FMinput
| Clock source
Sinusoidally jittered clock

Test-pattern la— Test pattemn
generator

Stress conditioning

> Electrical version of the signal used to LS AV =

interferer
(Gaussian noise

generate Stressed recelve SenSItIVIty generator Rl EEEEE >4 géﬁ:f;*g;
.
_\ Low-pass filter E MCB Test signal calibration
Y i N = o Measurement receiver
Termination TPia Ref
and crosstalk ¢ rEmmEseE TR F?eﬁg?;‘:?
calibration DCc . Scope
Blocks ::;
O/r '_.' E Reference
. . CRU
TP4a jr======="
1
VMNA E
P45
N Host under test
................................ b
. —»  Armow showing signal flow .

! — Arrow showing mechanical insertion
' Electrical signals shown single ended for clarity

MOd |f|ed Figure 120G-8—Example host stressed input test
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Module Input Characteristics MACOM

> Specify an electrical SECQ with minimum swing

|\/|Od|f|ed Table 120G-8—Module input characteristics

Parameter Reference Test point Value Units
Signaling rate per lane (range) 120G3.1.1 TP1 53.125 = 100 ppm GBd
Differential pk-pk input voltage tolerance 120G.5.1 TPla 800 mV o _
(min) Insert minimum input voltage
» pk-pk with value TBDmVppd
| Common-mode to differential return loss 120G.3.1.3 TP1 Equation (120G-1) dB
(nin)
Effective refum loss (min) 120G342 TP1 TED dB
Differential termination mismatch (max) 120G.3.14 TP1 10 %%
Module stressed input test® 120G341 TPla See 120G34.1 ]- Electrical SECQ TBD
Single-ended voltage tolerance range (min) 120G3.1.1 TPla —D4t033 W
| DC common-mode voltage l[mjn}]:I 120G.3.1.1 TP1 —350 mV
| DC common-mode voltage (max)® 120G3.1.1 TP1 2850 mV

* Meets BER specified in 120G.1.1.
| > DC common-mode voltage generated by the host. Specification includes effects of ground offset voltage.
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Electrical SECQ into the module MACOM.

Sinusoidal jitter TP4a
v Crosstalk
4— Random jitter T o Ae T generator
Pattern 1==n
generator Bounded i Test signal calibration
[ ]
] . ] ”"Cﬁ&;ﬁ'amd o T-F:1.a Measurement receiver
> Electrical version of an — :
. . Termination TP4 ' Reference
expected host signal which and crosstalk  f4——————————f&~-= = - - - - Recever
) calibration Scope
meets electrical SECQ . o Mce
. a requency-
*l dependemt | .~ 1T --""=F = Reference

requirements atonuator / TP : CRU

.. N .. . ]

.

[ ]

VNA .
kF-mma- +
................................... ' - Maodule under test
—p  Arow showing signal flow e ]

—= Ammow showing mechanical insertion
Electrical signals shown single ended for clarity

Modified Figure 120G-9—Example module stressed input test
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Summary MACOM.

> Proposed Baseline

» Leverages efforts in 802.3ck

 Aligns performance with optical interface methodology

« Enables the industry to leverage a PMD service interface, minimizing power and cost
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