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COMBINED 3D ASSEMBLY OF ASIC AND OPTICAL

INTERCONNECT FOR COMPACT SWITCHES

FIELD OF THE INVENTION

The invention relates to Ethernet switches.

BACKGROUND OF THE INVENTION

Pluggable front panel optical transceivers have been widely used in data center
networks. However, using only the front panel of the switch box implies that
eventual total bandwidth is limited. Compared with the pluggable electrical
connector, an on-board optical module offers smaller footprint and larger
bandwidth density. As a result, on-board optics provide a promising solution to
solve the face plate bottleneck problem. Mid board optical modules are far
superior to pluggable solutions yet they still require very intricate design of
high-speed transmission lines between the pads on the ASIC (Application
Specific Integrated Circuit) and those on the mid-board optical modules
(MBOM). These result in very expensive PCB (Printed Circuit Board) design
and use of specialized PCB materials. As the number (128 to 256 and most
recently 512 lanes) and as signaling speeds (from 10 to 25 and eventually to 50
Gb/sec) of ASICs continue to rise the complexity of routing these signals

requires more and more layers leading to reduced yields and
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fabrication/assembly complexity. The present invention addresses these

problems, issues and bottlenecks.

SUMMARY OF THE INVENTION

The present invention provides a compact Ethernet switch whereby the
electrical path distance of the Ethernet switch between the ASIC and the optical

connections is less than 2cm.

In one embodiment, the Ethernet switch distinguishes a circuit board (e.g. a
PCB) which has high-speed through-vias. The circuit board has a first surface
and an opposite second surface. The Ethernet switch further distinguishes an
ASIC for bi-directional high-speed signals. The ASIC is mounted to the first

surface of the circuit board.

Ethernet switch further distinguishes an optical engine which itself
distinguishes an eclectrical interface with high-speed connections and an
interposer for bidirectional conversion of high-speed digital to high-speed
optical signals. The electrical interface has a central opening, a first surface and
an opposite second surface. The first surface of the electrical interface surface

faces the second surface of the circuit board. The electrical interface surface has
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spring loaded connections with the circuit board, and wherein the high-speed
connections of the electrical interface are aligned with the high-speed through-
vias of the circuit board to therewith carry high-speed signals from the ASIC

via the high-speed through-vias to the electrical interface.

The interposer has a central opening, which overlays the central opening of the
electrical interface, a first surface and an opposite second surface. The first
surface of the interposer faces the second surface of the electrical interface. The
electrical interface and the interposer are mounted together with screws and

therewith becoming interchangeable or replaceable from the Ethernet switch.

Ethernet switch further distinguishes optical connections mounted to the second

surface of the interposer.

In alternate embodiments, the following distinctions can be made and

considered:

1. The electrical interface does not necessarily need to have springs on one
side. It can also be an arrangement of pins with an appropriate socket

soldered to the BGAs on the optical engine side.
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2. The optical engine and all the related parts making it do not necessarily need
to have a hole in the center (central opening). Any other solution with
appropriate heat management and fiber routing solution could work. The
arca in the middle of the ASIC on the opposite side of the board does need

5 to be free of any socket since it is the place DC capacitors will be placed.
But if one can make the electrical interface high enough so that it can be
connected above the decoupling capacitors it would also work, assuming it
is properly thermally managed.

3. In principal the conversion of the high speed digital electrical signal to

10 optical signals and back can take place on both sides of the interposer for
optical engine (FIG. 4). This will influence the way light is coupled in/out

of the optical engine but should be both included.

The Ethernet switch of the present invention has the following advantages

15  compared to other switches:

1. At the time of this invention, the Ethernet switch will be the most compact
transceiver design for Ethernet Switch ASIC.

2. The Ethernet switch provides state of art bandwidth density.

3. The Ethernet switch avoids retimers and shortens the transmission line

20 supply for a better signal quality and reduced power consumption.
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4. The combined 3D ASIC and optical engine offers a route for the deployment
of mid-board optics, which can be part of a complete pluggable Ethernet
switch solution.

5. With the embodiments of this invention, the cost of motherboard on which
the ASIC is to be mounted is drastically reduced as no high speed lines are

needed and the number of layers can be dramatically reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows according to an exemplary embodiment of the invention
high-speed differential signals placed in the outside rows (to case
routing and reduce electronic crosstalk) and the DC signals are
concentrated in the central area. Schematics not to scale and arca
should be specifically divided by the chip layout.

FIG. 1B shows according to an exemplary embodiment of the invention
high-speed connector, which can be ultra-low profile, high
density, highly customizable for board-to-board, IC-to-board, and
cable-to-board applications, is specially designed to be compatible
with the high-speed differential pairs of ASIC. Schematic not to
scale and connector detail information such as geometry,
contacted type, compress solution etc. should be specifically

designed.
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FIGs. 2-6  show according to an exemplary embodiment of the invention
schematic designs with various views for the on-board transceiver
modules for a full ASIC. Schematic not to scale, the 3D assembly
design main concept is shown and specific design might depend

on components, locations, routing and optical accesses etc.

DETAILED DESCRIPTION

The present invention provides a new type of mid-board optical engine, which
includes all the required optical interconnects needed for connecting the ASIC
to the outside world in a single module. This module can be a pluggable
(interchangeable) module and can be assembled on the same PCB on which the
ASIC is assembled, but on the other side of the PCB board. In this way the PCB
design can be drastically simplified since the high-speed signals only need to
go through a via to the back side of the board and the signal degradation due to
propagation in the PCB will be almost completely removed as the length of the
resulting transmission lines between ASIC and MBOM will drop to several
millimeters. At these distances, it is possible that CDR (Clock and Data
Recovery) functionality which consumes more than 70% of the power budget
of the link can be discarded. The resulting 3D switch system will have the most
compact size possible while still retaining all the switching capabilities of the

standard size switching system. Such a switch module can be, on its own,
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considered as a pluggable switch solution which will relieve some of the

inhibitions from using MBOM in switches.

The BGA (Ball Grid Array) layout of a standard switching ASIC was selected
as a starting point for an initial demonstration. The high-speed differential
signals are placed in the outside rows (to ease routing and reduce electronic
crosstalk) and the DC signals are concentrated in the central area (FIG. 1A). A
high-speed connector, which can be ultra-low profile, high density, highly
customizable for board-to-board, IC-to-board, and cable-to-board applications,
is specially designed to be compatible with the high-speed differential pairs of
ASIC (FIG. 1B). The High-Speed connector can be based on commercially
available high-speed connectors which are used to mate BGA type packaged
ICs with PCB. In order to accommodate the required additional signals and
power supplies of the ASIC, and seeing that the optical engines will be placed
on the perimeter of the optical interposer part, the central area of such a standard

BGA type connector is preferably removed to allow for appropriate assembly.

An interposer (PCB, FPC (Flexible Printed Circuit board), ceramic, silicon,
glass etc.) is designed with the same pad layout of the connector, which can be
used to connect the interposer and high-speed signal of ASIC. The transceiver
modules are also integrated on the interposer. This means that all the required
CMOS (Complementary Metal-Oxide Silicon) driving ICs, trans impedance

amplifier ICs as well as the electro-optic VCSEL (vertical cavity surface
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emitting laser) and PD (photo detector) arrays are integrated into this interposer.
This insures that the electrical connection between ASIC SerDes
(Serializer/Deserializer) and optical interconnect module are as short as
possibly can, since they are only as long as the thickness of the PCB board on
which the ASIC is mounted. For connecting to the outside-world the back-side
optical interconnect module can use optical connectors such as multiple MPO
(Multi-fiber Push-On) type connectors combined with either a light turning
solution or a 3D glass interposer etc. to take the light to and from the opto-

electronic dies and connect them to fibers.

As a result, the on-board transceiver modules are fully designed on the back
side of the ASIC and connected with the ASIC through a high-speed connector
and an interposer. Screws can be used to fix the interposer and connector
between ASIC and transceiver modules. Optical connectors or waveguides can
be used to give the light access for this on-board transceiver module to the front
panel. This approach successfully not only reduces the size of the switch in the
data center network and gives more flexibility but also solves the front panel
bandwidth problem and provides more bandwidth density. The schematic 3D
assembly views and cross-section views of this on-board transceiver modules

for full ASIC are shown in FIGs. 2- 6.

Conventional on-board transceivers are commercially available and in some

niche applications have replaced pluggable transceivers (mostly for HPC (High
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Performance Computing)). However, none of these mid-board solutions has
been designed to include more than 12 channels and none of them has been
suggested for mounting at the opposite side of the PCB to shorten the distance
between ASIC BGA and mid-board module BGA to the minimum without
placing the optical module inside the ASIC package. Attempts to include the
optics inside the ASIC package have not been commercially successful so far
(COMPASSEOS who pioneered his work has gone bankrupt after 150M$
investment and 7 years of R&D work). It is clear that any solution has to be
separable from the ASIC itself as the market is not ready for a full blown

integrated optical front-end inside the ASIC package.
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CLAIMS

What 1s claimed is:

1.

An Ethernet switch, comprising:

(2)

(b)

(©)

a circuit board comprising high-speed through-vias, wherein the

circuit board has a first surface and an opposite second surface;

an ASIC for bi-directional high-speed signals, wherein the ASIC is

mounted to the first surface of the circuit board;

an optical engine comprising an electrical interface with high-speed
connections and an interposer for bidirectional conversion of high-

speed digital to high-speed optical signals,

wherein the electrical interface has a central opening, a first surface
and an opposite second surface, wherein the first surface of the
electrical interface surface faces the second surface of the circuit
board, wherein the electrical interface surface has spring loaded
connections with the circuit board, and wherein the high-speed
connections of the electrical interface are aligned with the high-
speed through-vias of the circuit board to therewith carry high-speed
signals from the ASIC via the high-speed through-vias to the

electrical interface,

10
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wherein the interposer has a central opening, which overlays the
central opening of the electrical interface, a first surface and an
opposite second surface, and wherein the first surface of the

interposer faces the second surface of the electrical interface,

wherein the electrical interface and the interposer are mounted
together with screws and therewith interchangeable or replaceable

from the Ethernet switch;

optical connections mounted to the second surface of the interposer,

wherein the electrical path distance of the Ethernet switch between the

ASIC and the optical connections is less than 2cm.

2. An Ethernet switch, comprising:

(2)

(b)

(©)

a circuit board comprising high-speed through-vias, wherein the

circuit board has a first surface and an opposite second surface;

an ASIC for bi-directional high-speed signals, wherein the ASIC is

mounted to the first surface of the circuit board;

an optical engine comprising an electrical interface with high-speed
connections and an interposer for bidirectional conversion of high-

speed digital to high-speed optical signals,

11
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wherein the electrical interface has a first surface and an opposite
second surface, wherein the first surface of the electrical interface
surface faces the second surface of the circuit board, and wherein the
high-speed connections of the electrical interface are aligned with
5 the high-speed through-vias of the circuit board to therewith carry
high-speed signals from the ASIC via the high-speed through-vias

to the electrical interface,

wherein the interposer has a first surface and an opposite second
surface, and wherein the first surface of the interposer faces the

10 second surface of the electrical interface,

wherein the electrical interface and the interposer are removeably
mounted together and therewith interchangeable or replaceable from

the Ethernet switch;

(d) optical connections mounted to the second surface of the interposer,

15 wherein the electrical path distance of the Ethernet switch between the

ASIC and the optical connections is less than 2cm.

12
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