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5G Mid haul

5G Back haul

5G Front haul

200G-800G Coherent
100G Datacenter
200G Datacenter
400G Datacenter
800G Datacenter
10G PON (OLT)
50G PON
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® 4 @ Market Trends

* Accelerated adoption of higher bandwidth modules

* Multi level Modulation schemes (PAM4, QAM) in mass deployment already
= DSP driven modules primarily for PAM4 modulation

* High cost pressures

* Bandwidth doubling almost every 2-3 years

= Silicon Photonics becoming prevalent for high speed modules
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DML ( Directly Modulated Lasers)
EML ( Electrically Modulated Lasers)
Thin Film Lithium Niobate based MZ

Silicon Photonics based MZ
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EML@53Gbaud/s Si Photonics@53Gbaud/s

Eye/Mask KEYSIGHT File Setup Measure Tools Apps Help

Outer ER=4dB Outer ER=4.5dB Outer ER=4.5dB
TDECQ=2.2dB TDECQ=1.5dB TDECQ=1.3dB
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@4 @ Optical Technology Choices — Transmitter
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For 53Gbaud/s PAM4 ( 100Gbs/lane)
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Ranking — 1 is best, 3 is worst



% 34 8  Sjlicon Photonics — Challenges

= Power Dissipation
dVpi ( high drive)
dHigh power lasers
= Optical Coupling

= Controls- Heater, Bias, CW laser
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Key parameters for Si MZ Modulator design
Qvpi |
dBandwidth |
QOptical Loss .
Qlength of Modulator (size) .
Qimpedance of Modulator |
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Key parameters for Si Photonics Modulator Driver design
QOutput Swing |
dBandwidth |
QdSize |
QGain |
QLlinearity (THD /)
Qimpedance of Driver |

QdPower Dissipation |
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InS1Ga 400Gbs Driver- ISG-D5640 (Technology — SiGe)

* Qutput Swing- 3.5Vpp 4 Output Swing T

* Bandwidth > 40GHz O Bandwidth T

* Die Size — 1.7x3.7mm O Sizel 5

+ Gain - 17dB Q Gain 1 S
 THD < 3% Q Linearity (THD )

* Driver Impedance- Very high O Impedance of Driver T
* Power Dissipation/ch- 260mW U Power Dissipation
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Key parameters for Receiver design

dBandwidth T

Optical Loss

dDark Current |,

dPD Responsivity "

LPD Parasitic Capacitance-,
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Key parameters for TIA design

dNoise
dBandwidth T
QSizel

QdGain T

Linearity (THD )
dPower Dissipation
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m10 J m11
freq=294.8MHz freq=33.02GHz
B (vout-voutb)-12.78=0.00 jB(?:out-voutb)-1 2.78=-2.708

InSiGa 400Gbs TIA- ISG-T5743 (Technology - SiGe)

(d8)
T S
o
o

Relative gain|

Input Noise- 2.2uA d Noise,

. BandWIdth g 3OGHZ D BandWIdth /I\ VDD=3.3V, IDE:eq;:; A, GC=2.5V
=3.3V, =39mA, GC=2.5V,
PD Cap=80fF, Rpd=10ohm, Lbw=0.5nH

* Die Size — 1.3x2.35mm O Sizel
° Galﬂ - 45k0hm D Galn /I\ BER Curve

e THD < 3% A Linearity (THD )

* Power Dissipation/ch- 160mW  Q Power Dissipation ¢, & i -

1.00E-08

1.00E-09
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RXP_OMA (dBm)
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%5 | aﬁ What are Analog Drive Modules (ADM)?
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Analog Drive Modules -Modules without DSP

Remove DSP from Module



@ >4 B When are Analog Drive Modules (ADM) possible?
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No gearbox requirement
* |nput Signal rate and modulation is same as optical output

400Gbs Module

| PAM4 Electrical Input @ 8x50Gbs

I—] 4 level coding

<I PAMA4 Electrical Output @ 8x50Gbs
I

rl | 4 level coding

Analog Drive Modules -Modules without DSP
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Analog Drive Modules -Modules without DSP

Advantages
* Low Cost
* Low Power Dissipation
* Higher channel/bandwidth density
* Low Latency
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Analog Drive Modules -Modules without DSP

Challenges
* Overcoming channel Loss on host/module
* Connector Mismatch issues ( No resonance in band due to
connector and module interface)
* Phase/Group Delay Compensation
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%5 | 5 What are challenges for Modulator Driver for ADM?

Challenges for Modulator Driver Design
* Equalization capability to compensate for losses
* Good Input return loss to minimize reflection issues
* Good Phase response ( Group delay)
* Good linearity



Measured Driver + PIC Performance on EVB
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Test Setup
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Lowest Equalization from InSiGa Driver- ISG-D5640




- Measured Driver + PIC Performance on EVB
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Maximum Equalization from InSiGa Driver- ISG-D5640
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TDECQ=2.09dBR

Eye/Mask KEYSIGHT File Setup Measure Tools Apps

Waveform (>
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Annotations .

— Acquisition__ | Frame fnggef | & a~
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With Equalization from Driver

Measured Eye at 26.5Gbaud/s
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Eye/Mask KEYSIGHT File Setup Measure Tools Apps Help

Waveform (>

25| oares [ 201638ns B DS B

[ Average Power
770 mdBm

'

Annotations

— Acguisition _|( Frame Trigger | L -~ FN

FullP on ‘ s ‘1 path ) Signats
i

Without Equalization from Driver




Measured BER with Loss

1.00E+00
OMA vs BER

1.00E-01

1.00E-02

14cm of PCB loss at TX input
14cm of PCB loss at RX Output

1.00E-04
1.00E-05
1.00E-06
1.00E-07
1.00E-08

1.00E-09

1100 . 7 S L - RX side uses InSiGa’s TIA ISG-
T5713 inside a TO
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Fw,/mgk” KEYSIGHT File Setup Measure Tools Apps Help
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With Equalization after loss at TX input




f\ - .
D oh| B ADM - applications

DET EIiNSERNERR
———coITA ———

AOC - Eg. 400G (50Gx8)

Advantages

* The Equalization from TX can be optimized to get best BER- can compensate for RX
side by over-equalization on TX

* High number of channels bring out true value of Silicon PIC’s

* Length of Cable can easily reach >100m

* SM Fiber array cost cheaper than MM fiber array

* Power Dissipation lower than DSP/CDR driven modules

Measured BER data shows high probability of this solution being able to meet system requirements
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AOC - 400G (100Gx4)

Advantages

* The Equalization from TX can be optimized to get best BER- can compensate for RX

side by over-equalization on TX
* Length of Cable can easily reach >100m
* SM Fiber array cost cheaper than MM fiber array

* Power Dissipation lower than DSP/CDR driven modules

FFE capability on RX side for 100G IO (switch and NIC) will be important factor in determining performance
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High Performance Computing (HPC) — Low Latency requirements

Advantages
* The solution can be based on high speed NRZ modulation without FEC ( 50Gbs NRZ) to achieve high

bandwidth- Eg. 50Gbs x 8 for 400G requirements
50G NRZ

* Lowest latency
RX Measured BER

| PD+ 15G-T5713 | | BERT |

& |
B,
x|
x|
x|
(=]

TX @ 50Gbs
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400G DR4
Challenges

 TX and RX need to be independently optimized
* Higher Loss budget compared to AOC
* Gain of TIA needs to be higher

* Pre-emphasis capability from TIA?

Need testing with 100G 1/0 on Switch/NIC to determine exact TX and RX requirements
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CPO - Co-Packaged Optics

Challenges
* Density (Area)

* Power Dissipation ( Heat Management)

* Packaging (2.5D vs 3D)
* Cost
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CPO - Co-Packaged Optics

Electrical IC direction
* Density (Area)
U Equalization capability
4 8 channels/die ( pitch 375um)
4 Integrating Si PIC controls like CW laser bias control, heater
control, MPD monitoring etc, with Driver |C
* Power Dissipation
O ( Removal of DSP, Low Power Driver- 260mW/ch)
* Packaging
d Tight Pitch Cu Pillars for Flip-chip assembly
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Advantages of Si PIC’s
* Best linearity ( DML, VCSEL have asymmetric rise/fall, EML single ended drive)

High level of integration — no. of channels, MPD etc.

Bandwidth roll-off very linear- easier to equalize

Temperature of Operation

* Cost
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