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Attorney Docket No.: HI12-106P

RECEIVER OPTICAL ASSEMBLIES (ROAS) HAVING PHOTO-DETECTOR
REMOTELY LOCATED FROM TRANSIMPEDANCE AMPLIFIER, AND RELATED
COMPONENTS, CIRCUITS, AND METHODS

BACKGROUND
Field of the Disclosure
[0001] The technology of the disclosure relates to receiver optical sub-assemblies
(ROSA) that receive optical signals from an optical fiber and convert the received optical

signals into electrical signals.

Technical Background

[0002] As interconnect line speeds increase, such as five (5) to ten (10) Gigabits per
second (Gbps), and beyond, active optical cables (AOCs) are increasingly being used as
an alternative to traditional copper cables. Active optical cables allow electrical signals
to be converted and carried as optical signals over optical fiber. Benefits of utilizing
optical fiber include extremely wide bandwidth and high immunity to environmental
electronic noise.

[0003] In this regard, FIG. 1 illustrates an exemplary active optical cable 10. As
illustrated in FIG. 1, the active optical cable 10 includes end connectors 12A, 12B. Each
end connector 12A, 12B includes electrical conductor inputs 14A configured to receive
input electrical signals and electrical conductor outputs 14B configured to provide output
electrical signals. Opto-electronic transceivers 16A, 16B are included in end connector
housings 18A, 18B for cach of the end connectors 12A, 12B, respectively. The opto-
electronic transceivers 16A, 16B cach include transmitter optical sub-assemblies
(TOSAs) (not shown) that receive electrical input signals from the electrical conductor
inputs 14A and convert the received electrical input signals into optical signals to be
transmitted over optical fiber 16. The opto-electronic transceivers 16A, 16B also each
include receiver optical sub-assemblics (ROSAs) (not shown) that convert the optical
signals transmitted over the optical fiber 16 back into electrical signals to be provided as
electrical output signals on the electrical conductor outputs 14B.

[0004] Active optical cables are commonly used in data centers to deliver voice,

video, and data transmissions to subscribers over both private and public networks. For
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example, active optical cables can support interconnections between servers, storage arca
networks (SANSs), and/or other equipment at data centers. At longer distances, active
optical cables can be less expensive than traditional copper cables at the same distances
which employ repeaters. The additional cost of the opto-clectronics and optical fiber
alignment components is less significant when compared to the cost of the optical fiber in
the active optical cablc. Also, the cost of a longer haul active optical cable can be
amortized by service providers over the larger number of customers that can receive
services over the active optical cable compared to the copper cable.

[0005] For shorter length active optical cable, the additional component costs
contribute a greater percentage of the overall cost of the active optical cable thereby
resulting in a more expensive cable over traditional copper cables having the same
shorter length. Thus, active optical cables have not been typically designed for use in
consumer applications at shorter lengths (e.g., consumer electronic devices, personal
computers, external hard drives, digital cameras, and televisions). The higher cost of
active optic cables for shorter cable distances is not perceived as providing enough value
to consumers to justify the increased cost over traditional copper cables. However,
consumer applications are starting to require higher bandwidths that can benefit from
optical fiber cables. Thus, there is an unresolved need for short-haul active optical cables
suitablefor use in consumer applications that benefit from the increased bandwidth and

low noise operation of optical fiber and that are commercially viable.

SUMMARY OF THE DETAILED DESCRIPTION
[0006] Embodiments disclosed herein include receiver optical assemblies (ROAs)
having a photo-detector remotely located from transimpedance amplifier (TIA). Related
components, circuits, and methods are also disclosed. The ROA concepts of the present
application use design differences that are contrary to conventional ROSA designs for
conventional long-haul applications.  For instance, by providing the photo-detector
remotely located from a TIA, additional costs associated with conventional design
constraints of providing the photo-detector intimate with a TIA may be avoided, thereby
reducing the cost of the ROA. For example, expensive bonding assembly techniques to

directly connect a photo-detector to a TIA may be avoided. In this regard as a non-
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limiting example, the ROAs according to the embodiments disclosed herein may allow
shorter haul active optical cable applications to be more readily accepted for use in
consumer applications from a cost standpoint with the added benefits of increased
bandwidth and low noise performance of optical fiber. To provide for a photo-detector to
be remotely located from a TTA in a ROA, design constraints associated with typical
rcceiver optical sub-assemblics (ROSA) arc avoided.

[0007] In this regard in embodiments disclosed herein, a differential TIA circuit is
provided with a higher TIA input impedance. The wiring connections coupling the
photo-detector to the differential TIA circuit in the ROA are provided as an impedance-
controlled transmission circuit. Providing a higher TIA input impedance allows the
differential TIA circuit to absorb electrical signals received over the transmission circuit
coupling a photo-detector to the TIA to inhibit or reduce ringing effects on the
transmission circuit. Further, by providing an impedance-controlled transmission circuit
coupling the photo-detector to the TIA, capacitance components of the transmission
circuit can be reduced or eliminated to prevent or reduce a resistance-capacitance (RC)
time constant for differential TIA circuit to allow for higher bandwidth operation. In this
regard, the capacitance of the photo-detector can be designed to be the limiting
capacitance factor for a low RC time constant for the differential TIA circuit for high
bandwidth operation. In one non-limiting embodiment, the transmission circuit is
impedance-matched or substantially impedance-matched to the TIA input impedance of
the differential TIA circuit such as by using electrical traces or the like.

[0008] In this regard, in one embodiment, a receiver optical assembly (ROA) is
provided. The ROA comprises a photo-detector disposed in an optical header packaging,
the photo-detector configured to detect and convert input optical signals into output
electrical signals. The ROA also comprises a differential transimpedance amplifier (TTA)
circuit disposed in an integrated circuit remotely located from the optical header
packaging. The differential TIA circuit comprises a first differential input node and a
second differential input node, wherein the differential TIA circuit has a TIA input
impedance of at least 10 ohms to reduce a ringing effect over the first differential input
node and the second differential input node. The ROA also comprises a transmission

circuit comprised of a first transmission line coupled to the first differential input node,
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and a second transmission line coupled to the second differential input node. A first node
of the photo-detector coupled to the first transmission line and a second node of the
photo-detector coupled to the second transmission line to couple the photo-detector to the
differential TIA circuit to amplify the output electrical signals received from the photo-
detector.

[0009] In another cmbodiment, a mcthod of asscmbly of a ROA is provided. The
method comprises disposing a photo-detector in an optical header packaging on a printed
circuit board (PCB), the photo-detector configured to detect and convert input optical
signals into output electrical signals. The method also comprises disposing a differential
TIA circuit provided in an integrated circuit on the PCB remotely located from the optical
header packaging, the differential TIA circuit comprising a first differential input node
and a second differential input node, and the differential TIA circuit having a TIA input
impedance of at least 10 ohms to reduce a ringing effect over the first differential input
node and a second differential input node. The method also comprises disposing a
transmission circuit in the PCB comprised of disposing a first transmission line as a first
PCB trace in the PCB and a second transmission line as a second PCB trace in the PCB.
The method also comprises coupling the first differential input node of the differential
TIA circuit to the first transmission line and coupling the second differential input node
of the differential TIA circuit to the second transmission line. The method also
comprises coupling a first node of the photo-detector to the first transmission line and
coupling a second node of the photo-detector to the second transmission line to couple
the photo-detector to the differential TIA circuit to amplify the output electrical signals
received from the photo-detector.

[0010] In another embodiment, another exemplary ROA is provided. The ROA
comprises a photo-detector disposed in an optical header packaging, the photo-detector
configured to detect and convert input optical signals into output electrical signals. The
ROA also comprises a differential TIA circuit. The differential TIA circuit comprises a
first TIA having a first differential input node and a first output node. The differential
TIA circuit also comprises a second TIA having a second differential input node and a
second output node. The ROA also comprises an output differential TIA having a first

differential input node coupled to the first output node of the first TIA, and a second
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differential input node coupled to the second output node of the second TIA, wherein the
differential TIA circuit configured to reject common noise amplified by the first TIA and
the second TIA. The ROA also comprises the differential TIA circuit having a TIA input
impedance of at least 10 ohms to reduce a ringing effect over the first differential input
node and the second differential input node. The ROA also comprises a transmission
circuit compriscd of a first transmission linc coupled to the first diffcrential input node of
the first TIA, and a second transmission line coupled to the second differential input node
of the second TIA. A first node of the photo-detector coupled to the first transmission
line and a second node of the photo-detector coupled to the second transmission line to
couple the photo-detector to the differential TIA circuit to amplify the output electrical
signals received from the photo-detector.

[0011] In another embodiment, a method of assembling a ROA is provided. The
method comprises disposing a photo-detector in an optical header packaging on a printed
circuit board (PCB), the photo-detector configured to detect and convert input optical
signals into output electrical signals. The method also comprises disposing a differential
transimpedance amplifier (TIA) circuit provided in an integrated circuit on the PCB
remotely located from the optical header packaging. The differential TIA circuit
comprises a first TIA having a first differential input node and a first output node, a
second TIA having a second differential input node and a second output node, an output
differential TIA having a first differential input node coupled to the first output node of
the first TIA, and a second differential input node coupled to the second output node of
the second TIA, the differential TIA circuit configured to reject common noise amplified
by the first TIA and the second TIA. The differential TIA circuit having a TIA input
impedance of at least 10 ohms to reduce a ringing effect over the first differential input
node and the second difterential input node. The method also comprises disposing a
transmission circuit in the PCB comprised of disposing a first transmission line as a first
PCB trace in the PCB and a second transmission line as a second PCB trace in the PCB.
The method also comprises coupling the first differential input node of the first TIA to
the first transmission line and coupling the second differential input node of the second
TIA circuit to the second transmission line. The method also comprise coupling a first

node of the photo-detector to the first transmission line and coupling a second node of the
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photo-detector to the second transmission line to couple the photo-detector to the
differential TIA circuit to amplify the output clectrical signals received from the photo-
detector.

[0012] Additional features and advantages will be set forth in the detailed description
which follows, and in part will be readily apparent to those skilled in the art from that
description or recognized by practicing the cmbodiments as described hercin, including
the detailed description that follows, the claims, as well as the appended drawings.

[0013] It is to be understood that both the foregoing general description and the
following detailed description present embodiments, and are intended to provide an
overview or framework for understanding the nature and character of the disclosure. The
accompanying drawings are included to provide a further understanding, and are
incorporated into and constitute a part of this specification. The drawings illustrate
various embodiments, and together with the description serve to explain the principles

and operation of the concepts disclosed.

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIG. 1 is an exemplary active optical cable (AOC) that employs end
connectors having electrical conductor inputs and electrical conductor outputs, electrical-
to-optical (E-O) converters to convert and carry electrical input signals as optical signals
over optical fiber, and optical-to-clectrical (O-E) converters to convert the carried optical
signals back into electrical output signals;

[0015] FIG. 2 is a schematic diagram of an conventional receiver optical sub-
assembly (ROSA) that may be employed in the long-haul active optical cable in FIG. 1,
wherein the ROSA includes a photo-detector directly attached to a transimpedance
amplifier (TTA) having a low input impedance to maximize bandwidth performance and
provide high TIA sensitivity to compensate for long-haul optical losses;

[0016] FIG. 3 is a circuit diagram of the photo-detector and TIA of the conventional
ROSA in FIG. 2, wherein electrodes of the photo-detector are directly coupled to the
negative input of the TIA to reduce or eliminate the effect of the photo-detector
electrodes acting as current loop antennas to reduce inductively coupled noise and for

high TIA sensitivity;
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[0017] FIG. 4 is a diagram of an exemplary receiver optical assembly (ROA)
disposed on a printed circuit board (PCB) as part of an exemplary universal serial bus
(USB) connector that can be employed in an active optical cable, wherein the ROA
includes a photo-detector remotely located from and coupled to a higher input impedance
TTA via impedance-controlled transmission lines;

[0018] FIG. 5 is a circuit diagram of thc ROA of FIG. 4 cmploying a photo-dctcctor
remotely located from a higher input impedance TIA via impedance-controlled
transmission lines; and

[0019] FIG. 6 is a schematic diagram a close-up view of the PCB for the ROA in
FIG. 4 illustrating the PCB metallization pattern to support photo-detector pads remotely

located from and coupled to TIA pads via PCB trace transmission lines;

DETAILED DESCRIPTION
[0020] Reference will now be made in detail to the embodiments, examples of which
are illustrated in the accompanying drawings, in which some, but not all embodiments are
shown. Indeed, the concepts may be embodied in many different forms and should not
be construed as limiting herein; rather, these embodiments are provided so that this
disclosure will satisfy applicable legal requirements. Whenever possible, like reference
numbers will be used to refer to like components or parts.
[0021] Embodiments disclosed herein include receiver optical assemblies (ROAs)
having a photo-detector remotely located from transimpedance amplifier (TIA) that is
suitable for short-haul applications. Related components, circuits, and methods are also
disclosed. On the other hand, conventional long-haul ROSA designs have the photodiode
intimately connected with the TIA and are not suitable for short-haul applications as
discussed herein. By providing the photo-detector remotely located from a TIA,
additional costs associated with design constraints of providing the photo-detector
intimate with a TIA may be avoided, thereby reducing the cost of the ROA. For
example, expensive bonding assembly techniques to directly connect a photo-detector to
a TIA may be avoided. In this regard as a non-limiting example, the ROAs according to
the embodiments disclosed herein may allow shorter haul active optical cable

applications to be more readily accepted for use in consumer applications from a cost
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standpoint with the added benefits of increased bandwidth and low noise performance of
optical fiber along with other features such as common mode rejection of noise. To
provide for a photo-detector to be remotely located from a TIA in a ROA, conventional
design constraints and practices associated with conventional receiver optical sub-
assemblies (ROSA) are avoided.

[0022] In this rcgard in cmbodiments discloscd herein, a diffcrential TIA circuit is
provided with a higher TTA input impedance. Moreover, the wiring connections coupling
the photo-detector to the differential TIA circuit in the ROA are provided as an
impedance-controlled transmission circuit. In one non-limiting embodiment, the
transmission circuit is impedance-matched or substantially impedance-matched to the
TIA input impedance of the differential TIA circuit. Providing a higher TIA input
impedance allows the differential TIA circuit to absorb electrical signals received over
the transmission circuit coupling a photo-detector to the TIA to inhibit or reduce ringing
effects on the transmission circuit. Further, by providing an impedance-controlled
transmission circuit coupling the photo-detector to the TIA, capacitance components of
the transmission circuit can be reduced or eliminated to inhibit or reduce a resistance-
capacitance (RC) time constant for differential TIA circuit to allow for higher bandwidth
operation. In this regard, the capacitance of the photo-detector can be designed to be the
limiting capacitance factor for a low RC time constant for the differential TIA circuit for
high bandwidth operation.

[0023] Before discussing the exemplary embodiments of a ROA that includes a
photo-detector remotely located from a higher input impedance TIA via impedance-
controlled transmission lines, a conventional receiver optical subassembly (ROSA)
designed for long-haul communications in the prior art is first discussed with regard to
FIGS. 2 and 3. The discussion of the ROSA in FIGS. 2 and 3 is to illustrate typical
ROSA design constraints that are cost problematic for use in shorter haul active optical
cables, and which are addressed by embodiments of the present disclosure. For example,
shorter haul cables may be less than 100 meters as a non-limiting example, but other
short lengths are also possible.

10024] In this regard, FI1G. 2 is a schematic diagram of a conventional receiver

optical sub-assembly (ROSA) 20. An example of the conventional ROSA 20 that is
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designed for long-haul optical fiber, including the active optical cable 10 in FIG. 1, is
disclosed in U.S. Patent No. 7,160,039. The conventional ROSA 20 may be employed in
the active optical cable 10 in FIG. 1. As will be discussed in more detail below, the
conventional ROSA 20 includes a transimpedance amplifier (TTA) 22 with a low input
impedance and a photo-detector 24 directly mounted to the TTA 22 to reduce input
capacitancc for high bandwidth performance and to rcducce or climinatc the TIA 22
amplifying extrancous noise. FIG. 3 is an exemplary circuit diagram of the photo-
detector 24 of the conventional ROSA 20 in FIG. 2. The conventional ROSA 20 of FIG.
2 and the circuit diagram of the exemplary TIA 22 and photo-detector 24 of the
conventional ROSA 20 in FIG. 3 will be described in conjunction below.

[0025] The conventional ROSA 20 in FIGS. 2 and 3 is designed for use in long-haul
optical signal transmissions to provide for high bandwidth operation and high TIA 22
sensitivity while minimizing amplification of extraneous noise. With reference to FIG.
2, the conventional ROSA 20 is provided as part of a fiber optic connector 26. The fiber
optic connector 26 includes a housing 28 that includes a bore 30. The bore 30 is
configured to receive a fiber optic ferrule (not shown) disposed on an end of an optical
fiber (not shown) for receiving input optical signals to be converted to output electrical
signals. An optical insert 32 is provided in the bore 30. The optical insert 32 is
configured to be optically connected to the optical fiber of the fiber optic ferrule inserted
into the bore 30. The input optical signals received from the optical fiber are refracted by
the optical insert 32 as a beam of light 34 directed to the photo-detector 24. For example,
as illustrated in the circuit diagram of FIG. 3, the photo-detector 24 is a reverse-biased
photodiode 36 which responds to an incident optical signal by generating an electrical
output current signal with an alternative current (AC) and direct current (DC) component.
As is well known, the TIA 22 converts the current input signals from the photodiode 36
at a negative input node 38 of the TIA 22 to voltage output signals having gain that is a
function of the value of the feedback resistor Ry (c.g., 1000 ohms to provide a 10° gain of
a 1 milliAmp (mA) signal to 1 Volt (V)).

[0026] With reference to the circuit diagram in FIG. 3, the TIA 22 of the
conventional ROSA 20 is provided with the lowest possible input impedance Zy (¢.g.,

one (1) to ten (10) ohms) so that the negative input node 38 of the TIA 22 is in essence
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short circuited to the ground node GND. Thus, the input impedance Zy is in parallel with
the photodiode 36. The capacitance Cy of the photodiode 36, which may be as little as a
few pico Farads (pF), is disposed in parallel with the input impedance Z, of the TIA 22.
This allows high bandwidth operation of the TIA 22 when converting input optical
signals to output electrical signals in the conventional ROSA 20, because at the negative
input nodc 38, which is the critical node for current measurcment speed by the TIA 22,
the low input impedance of the TIA 22 provides a low impedance Z, capacitance Cy
ZyCo) time constant. Providing a low ZyCy time constant allows the TIA 22 to measure
current at the negative input node 38 faster, thus providing higher bandwidth operation
and capability for the conventional ROSA 20. If the TIA 22 is not provided with a low
input impedance Z, the capacitance Cy of the photodiode 36 may only allow MegaHertz
(MHz) of bandwidth operation as opposed to GigaHertz (GHz) operation, which is
desired for active optical cables applications.

[0027] To provide a high TIA 22 sensitivity in conventional designs, the photodiode
36 of the photo-detector 24 is located as close as possible to the TIA 22. Thus, with
continuing reference to FIG. 3, electrical input contacts 40A, 40B on a mounting surface
of an integrated circuit (IC) chip 42 of the TIA 22 are directly connected to
corresponding electrodes 44A, 44B of the photo-detector 24. For example, this direct
connection may be provided via direct bonding using bond wires, or with the use of
solder bumps in a flip chip bonding process. This allows shorter length connection wires
46A, 46B or other bonds between the electrodes 44A, 44B of the photodiode 36, and the
electrical input contacts 40A, 40B of the TIA 22. In this manner, the shorter length
connection wires 46A, 46B do not act as current loop antennas, and thus receive and
couple outside RF radio signals and other extrancous noise that would otherwise be
amplified by the highly sensitive TIA 22 and reduce performance.

[0028] For example, a switching power supply 47 powering the TIA 22 may have
magnetic GHz noise components from an inductor 48 that are more readily coupled by a
representative flux line 50 into an interconnect inductance 52 of a longer length
connection wire 46A. The GHz noise components of the switching power supply prevent
the use of switching power supply 47 with the ROA 20 in this embodiment without
impacting the bandwidth performance of the ROA 20. As illustrated in FIG. 3, the
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photo-detector 24 is provided as part of the common packaging 54. The conventional
ROSA 20 may also be hermetically sealed and RF shiclded to eliminate or reduce the
connection wires 46A, 46B and clectrodes 44A, 44B of the photodiode 36 coupling to
outside RF radio signals and other inductive noise to allow for high TIA 22 sensitivity.
[0029] Thus, in summary, to maximize bandwidth performance of the conventional
ROSA 20 in FIGS. 2 and 3 dcsigned for long-haul optical signal transmissions, the TIA
22 should be designed with the lowest possible input impedance Zy, The conventional
ROSA 20 design makes no attempt to control impedance. The input impedance Zy is not
impedance-matched to the impedance of the electrodes 44A, 44B of the photo-detector
24 so that the bandwidth performance of the TIA 22 is directly a function of capacitance
Cy of the photodiode 36 present at the negative input node 38 of the TIA 22. Providing
low input TIA 22 impedance provides a low ZyCy time constant that allows the TIA 22 to
measure current at the negative input node 38 faster, thus providing higher bandwidth
operation for the conventional ROSA 20. It is also desired to provide high TIA 22
sensitivity to compensate for the optical signal losses by providing a short length
connection between the electrodes 44A, 42B of the photodiode 36, and the eclectrical
input contacts 40A, 40B of the TIA 22. In this manner, the electrodes 44A, 44B of the
photodiode 36 in conventional designs do not act as current loop antennas to receive and
couple outside RF radio signals and other inductive noise that is amplified by the highly
sensitive TIA 22.

[0030] On the other hand, there is an unresolved need for shorter haul active optical
cables so consumer applications and the like can enjoy the benefit of increased bandwidth
and low noise operation of optical fiber. But even with the increased bandwidth and low
noise operation of active optical cables, the higher cost of active optic cable components,
including a conventional ROSA design, may not provide enough enhanced value to
certain consumers to justify the increased cost for shorter cable lengths compared with
high-speed copper cables. Thus, the conventional ROSA design employed in the
conventional ROSA 20 of FIGS. 2 and 3 may be cost prohibitive for use in shorter haul
active optical cables. For example, the conventional ROSA 20 in FIGS. 2 and 3 may
require expensive bonding assembly techniques to directly connect the photo-detector 24

to the TIA 22 over short length connections. Expensive flip chip bonding may be used,
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which may require ceramic carriers. Expensive wire bonding assembly techniques, such
as the use of meshed wiring, may be employed.

[0031] Further, the conventional ROSA 20 in FIGS. 2 and 3 also requires expensive
packaging for hermetic sealing and RF shielding of the photo-detector 24 and the TIA 22.
For example, expensive gold plated graft blocks with sapphire substrates and microwave
transitions may bc cmployed. The hermetic scaling and RF shiclding must also be
provided for the entire common packaging 54, because the photo-detector 24 and the TIA
22 must be closely located to each other to provide high TIA 22 sensitivity, as discussed
above. The common packaging 54 must also be sufficiently sized to house both the TIA
22 and the photo-detector 24, and may have to provide a lid to allow separate access to
the TIA 22 and the photo-detector 24 during assembly and/or testing. The common
packaging 54 must also provide for the ability to receive and align optical fibers to the
photo-detector 24 while still maintaining hermetic sealing and RF shielding. This can
require expensive, precision manufacturing of the common packaging 54 thereby
increasing the cost of the conventional ROSA 20.

[0032] On the other hand, short-haul active optical cables will need to have costs that
are comparable with high-speed electrical cables at least for short lengths. If the cost of
the ROSA in short-haul active optical cables can be reduced, the overall cost of short-
haul active optical cables can be reduced, thereby making shorter haul active optical
cables more readily accepted for use in consumer applications and the like with the added
benefits of increased bandwidth and low noise performance.

[0033] FIGS. 4 and 5 describe one such ROA suitable for use in short-haul
applications such as about 100 meters or less. In this regard, FIG. 4 is a diagram of an
exemplary receiver optical assembly (ROA) 60 disposed on a printed circuit board (PCB)
62 as part of an assembly for an exemplary universal serial bus (USB) connector 64. The
ROA 60 can be employed in an active optical cable for providing optical fiber
transmission over a receiver optical fiber 66R and a transmitter optical fiber 66T of an
active optical fiber USB cable 68. The active optical fiber USB cable 68 in FIG. 4 is a
shorter length cable, such as between one (1) and one hundred (100) meters (m), as non-
limiting examples. The ROA 60 includes a photodiode 70 disposed in an optical header
packaging 72. The optical header packaging 72 can be any enclosure or packaging
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desired to house the photodiode 70. The optical header packaging 72 may be
hermetically sealed and include conductor pins for interfacing with the components
disposed in the optical header packaging 72, including the photodiode 70. As a non-
limiting example, the optical header packaging 72 may include a small plastic-molded
lead frame package. As another example, the optical header packaging 72 could include
a PCB disposcd on its sidc using mctallic castcllations on the side of the PCB to provide
surface mount solder connections.

[0034] With continuing reference to FIG. 4, the optical header packaging 72 in this
embodiment also includes a laser 74 configured to transmit output optical signals
converted from input electrical signals over the transmitter optical fiber 66T. In this
embodiment, the photodiode 70 is provided separately and apart from the differential TIA
circuit 76. The photodiode 70 in the optical header packaging 72 is remotely located
from a higher input impedance differential TIA circuit 76 disposed in a protocol chip 78
such as an integrated circuit (IC) chip. By remotely located, it is meant that the
photodiode 70 and the differential TIA circuit 76 are not provided in the same packaging,
nor bonded directly together. Thus, there is no transimpedeance amplifier included in the
optical header packaging 76 on purposc and by design for the reasons previously
discussed above. In other words, the TIA circuit is remotely located from the optical
header packaging. The optical header packaging 72 is entirely passive in this
embodiment and serves to turn the laser 74 and photodiode 70 at right angles to the PCB
62 to make it possible to butt-couple the optical fibers 66T, 66R into the active arcas of
the PCB 62.

[0035] With continuing reference to FIG. 4, the photodiode 70 in the optical header
packaging 72 is remotely located from a higher input impedance differential TIA circuit
76 disposed in a protocol chip 78 to reduce the cost of the ROA 60. In this manner, two
separate IC chips — one for the differential TIA circuit 76 and a separate IC chip for a
protocol chip 78 are not required. The differential TIA circuit 76 can be provided in the
protocol chip 78 to reduce the number of IC chips and reduce cost of the ROA 60. In
other words, all active components except for the ROA 60 and laser 74 may be provided
in the single protocol chip 78 (e.g. a complementary metal-oxide semiconductor (CMOS

chip)) to reduce cost of the assembly. The protocol chip 78 in this embodiment includes
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the necessary circuitry to transmit and receive electrical signals to and from USB pins
(not shown) in a USB connector sheath 80 according to a USB protocol. Note that the
concetps used with protocol chip 78 are not limited to USB protocol, but may be used
with other suitable protocol chips as desired.

[0036] With continuing reference to FIG. 4, because the photodiode 70 is provided
apart and scparatc from the diffcrential TIA circuit 76 in the protocol chip 78, the
additional costs associated with the design constraints of the conventional ROSA 20 in
FIGS. 2 and 3 may be avoided for the ROA 60. For example, expensive bonding
assembly techniques to directly connect the photodiode 70 to the differential TIA circuit
76 over short length connections can be avoided. However, as will be discussed in more
detail below, the wiring connections 82 coupling the photodiode 70 and the differential
TIA circuit 76 in the protocol chip 78 will be longer, because the coupling transitions
between the optical header packaging 72 and the protocol chip 78 are located separately
and remotely from each other. For example, the wiring connections 82 coupling the
photodiode 70 and the differential TIA circuit 76 in the protocol chip 78 may be
approximately one (1) millimeter (mm) in length, which is considered remotely located
for high-speed data transmission. The photodiode 70 does not have to be included in
hermetically sealed and a protocol chip packaging 84 for the protocol chip 78. For
example, providing the photodiode 70 in a separate packaging from the differential TIA
circuit 76 can allow a low cost injection-molded plastic packaging to be used as the
protocol chip packaging 84. Thus, the protocol chip packaging 84 does not have to
provide for the ability to receive and align the optical fibers 66T, 66R to the photodiode
70 while still maintaining hermetic sealing and RF shielding. The protocol chip
packaging 84 can be composed of a material or structure to provide RF shielding.
Further, the protocol chip packaging 84 does not have to be sufficiently sized to house
both the differential TIA circuit 76 and the photo-detector 70. The ROA 60 in FIG. 4
also allows the photodiode 70 to be separately accessed during assembly and/or testing
without having to access or open the protocol chip packaging 84.

[0037] Most of the design considerations and techniques employed in the
conventional ROSA 20 in FIGS. 2 and 3 are avoided in the ROA 60 of FIG. 4 and a new
design logic is used. For example, if the differential TIA circuit 76 in the ROA 60 of
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FIG. 4 were provided with a low input impedance as provided in the TIA 22 of the
conventional ROSA 20, several issues would result. First, the longer wiring connections
82 coupling the separate optical header packaging 72 and the protocol chip 78 would
increase the capacitance on the wiring connections 82 and coupled to the input of the
differential TTA circuit 76, thus increasing the resistance—capacitance (RC) time constant
and dccreasing bandwidth performance of the ROA 60. Sccond, if the diffcrential TIA
circuit 76 has a low input impedance, the electrical current transmitted from the
photodiode 70 over the wiring connections 82 to the differential TIA circuit 76 will
reflect back on the wiring connections 82 back to the photodiode 70 and back to the
differential TIA circuit 76 and so on providing a ringing effect on the wiring connections
82, thereby decreasing bandwidth performance. By way of example, electrical signal
pulses may bounce back and forth between the photodiode 70 and the differential TIA
circuit 76 ten (10) to fifteen (15) times and provide undesirable ringing.

[0038] Thus in summary, design considerations and techniques involved around
providing a low input impedance TIA 22 in the conventional ROSA 20 in FIGS. 2 and 3
are not suitable for the ROA 60 of FIG. 4. The cost reductions realized from providing
the photodiode 70 remotely located from the differential TIA circuit 76 in the protocol
chip 78 may not justify the decreased bandwidth performance if the design considerations
and techniques involved in the conventional ROSA 20 in FIGS. 2 and 3 are employed in
the ROA 60 of FIG. 4.

[0039] To address the issues of increased capacitance and electrical signal ringing
over the wiring connections 82, an alternative circuit is provided for the photodiode 70
and differential TIA circuit 76. In this regard, FIG. § is an exemplary circuit that can be
provided in the ROA 60 of FIG. 4 to take into consideration the photodiode 70 being
remotely located from the differential TIA circuit 76 in the protocol chip 78 while
minimizing the impact on bandwidth performance. In the ROA 60 in FIG. 5, as will
discussed in more detail below, the differential TIA circuit 76 is provided with a higher
TIA input impedance Z; than input impedance Z, of the TIA 22 in the conventional
ROSA 20 of FIGS. 2 and 3. The higher TIA input impedance Z; is provided for the
differential TIA circuit 76 to allow the differential TIA circuit 76 to absorb the electrical

signals and inhibit or reduce ringing on the wiring connections 86.
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[0040] Also, the wiring connections 86 coupling the photodiode 70 to the differential
TIA circuit 76 in the ROA 60 are provided as an impedance-controlled transmission
circuit 88. As will also be discussed in more detail below, the impedance-controlled
transmission circuit 88 in this embodiment is comprised of a first transmission line 8§A
and a second transmission line 88B to provide a coupling to the nodes of the photodiode
70 and to providc common modc rcjcction of noisc. The transmission lincs 88A, 88B
each have a transmission impedance Z,. In this manner, the capacitance component of
the transmission lines 88A, 88B is reduced or climinated to inhibit or reduce the
transmission lines 88 to allow longer wiring connections 86 for providing the photodiode
70 remotely from the differential TIA circuit 76 while providing a RC time constant of
the differential TIA circuit 76 that allows for higher bandwidth operation of the
differential TIA circuit 76. Any capacitance component of the transmission lines 88A,
88B is in addition to the capacitance C; of the photodiode 70 as part of the RC time
constant of the differential TIA circuit 76.

[0041] In this example, the transmission lines 88A, 88B arc provided to have an
impedance of thirty-five (35) ohms. In one embodiment, the transmission lines 88A, 88B
are implemented on a PCB, such that a range of transmission impedances Z, that can be
supported by the PCB are feasible by using clectrical traces with a predetermined
impedances such as based on size or the like. For example, the transmission lines 88A,
88B can be fabricated on the PCB 62 in FIG. 4 to provide a desired transmission
impedance Z, between ten (10) and two hundred (200) ohms as a non-limiting example.
In one specific embodiment, the transmission impedances Z, such as at least ten (10)
ohms. An example of providing the transmission lines 88A, 88B is illustrated in FIG. 6
as a close-up view of the PCB 62 for the ROA 60 in FIG. 4. There, the pads 89 for the
photodiode 70 and the pads 91 for the protocol chip 78 are remotely located from each
other and are coupled via the transmission lines 88A, 88B provided as PCB traces in the
PCB 62. For example, the photodiode 70 may be located at least 0.1 mm or
approximately 0.1 mm away from the TIA circuit 76 in the protocol chip 78. Inductive
and capacitive components may be provided along transmission lines 88A, 88B to control
the impedance and reduce or eliminate capacitance to provide a low RC time constant for

high bandwidth operation such as 5Gbps or greater. In one embodiment, the transmission
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impedance Z, of the transmission lines 88A, 88B are also impedance-matched or
substantially impedance-matched to the higher TIA input impedance Z; of differential
TIA circuit 76 to provide for maximum energy transfer between the photodiode 70 and
the differential TIA circuit 76. Substantial impedance-matching may provide that the
transmission impedance Z, of the transmission lines 88A, 88B arc within fifty percent
(50%) of thc TIA input impcdancc Z; of diffcrential TIA circuit 76, or vice versa.
Impedance matching minimizes any ringing on the transmission lines 88A, 88B. The
TIA input impedance Z; of the differential TIA circuit 76 can also be designed to
optimize the amount of optical power received from the photodiode 70, which may allow
the need for an optical attenuator, which is conventional in low input impedance TIA
designs in ROS As.

[0042] By providing a higher TIA input impedance Z; in the differential TIA circuit
76, it may be desired to further reduce the RC time constant of the differential TIA circuit
76 to increase bandwidth performance of the ROA 60. In this regard, the size of the
active region photodiode 70 can be sclected to be smaller in size to minimize the
capacitance C; of the photodiode 70. As a non-limiting example, the capacitance C; of
the photodiode 70 may be between 0.6 picoFarads (pf) (i.e., at TIA input impedance Z;
of 50 ohms and data rate at 10 Gpbs). Providing a smaller photodiode 70 provides a
smaller cone for reception of input optical signals received over the receiver optical fiber
66R (sce FIG. 4) and thus less received optical power to be converted into electrical
signals. As a non-limiting example, the aperture of the photodiode 70 may be sized to
vary from approximately one hundred (100) um down to approximately fifty (50) um
down or twenty-five (25) um for an eighty (80) um optical fiber core. For example, the
optical power output by the photodiode 70 may be 0.27 mA as a non-limiting example.
But, less optical power conversion may be acceptable for the ROA 60 when employed in
a short haul active optical fiber USB cable 68 or the like. In a short haul active optical
fiber USB cable 68, there may not be an appreciable optical loss over the receiver optical
fiber 66R. Thus, the signal-to-noise (S/N) ratio of the electrical signals provided by the
photodiode 70 may still be acceptable for the ROA 60.

10043] With continuing reference to FIG. 5, the differential TIA circuit 76 is a
differential TIA having two differential input nodes 87A, 87B cach coupled to a
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transmission line among the transmission lines 88A, 88B. The transmission lines 88A,
88B arc cach coupled to a respective node 90A, 90B of the photodiode 70 remotely
located from the differential TIA circuit 76. Bond wires 93A, 93B may be employed to
connect the nodes 90A, 90B of the photodiode 70 to the transmission lines 88A, 88B.
Also in this embodiment, the differential TTA circuit 76 comprises two single-ended input
TIAs 92A, 92B driving an output diffcrential amplificr 94. The TIA 92B has its positive
input terminal 96B connected to ground GND and TIA 92A has its positive input
terminal 96A connected to power source 98, thereby placing the potential of the power
source 98 across the photodiode 70. The negative input terminals 100A, 100B of the
TIAs 92A, 92B are coupled to the photodiode 70 via the differential input nodes 87A,
87B connected to the transmissions lines 88A, 88B to put the photodiode 70 in a reverse
bias operation to reduce intrinsic capacitance of the photodiode 70 to minimize the RC
time constant of the TIAs 92A, 92B.

[0044] With continuing reference to FIG. 5, the transimpedance gains of the TIAs
92A, 92B are respectively set by the feedback resistors Rri, R 12, respectively. The TIA
input impedances Z; at the negative input terminals 100A, 100B of the TIAs 92A, 92B,
respectively, are set by the feedback resistors Rpi, Ry, respectively and the amplifier
gain for the frequency characteristics of the TIAs 92A, 92B and the frequency of the
input electrical signals. In one embodiment, the input TIA impedances Z; of the TIAs
92A, 92B arc impedance-matched or substantially impedance-matched to the
transmission impedances Z, of the transmissions lines 88A, 88B. This reduces or inhibits
ringing on the transmission lines 88A, 88B between the TIAs 92A, 92B and the
photodiode 70 from causing pulse distortion.

[0045] With continuing reference to FIG. 5, the output nodes 102A, 102B are
coupled as inputs to differential input nodes 104A, 104B to the output differential
amplifier 94 to produce an output electrical signal on a differential TIA output node 106
representing the electrical signal representation of the received input optical signals by
the photodiode 70. Environmental noise induced on the transmission lines 88A, 88B will
cancel each other or substantially cancel each other in the output differential amplifier 94
through common mode rejection. This allows the differential TIA circuit 76 to be highly

noise immune and be in close proximity to other noise circuits in the ROA 60 if needed
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or desired. For example, environmental noise can result from parasitic capacitances
105A, 105B coupled from a power source 107, which may be a switching power supply,
to the photodiode 70. The conventional ROSA 20 in FIGS. 2 and 3, which does not
employ common mode rejection, may not be able to be employed in a package or active
optical cable containing a switching power supply. As another example, magnetic fields
109 provided by current in the powcer source 107 can be inductively coupled to the
transmission lines 88A, 88B acting as antennas. The common mode rejection of the
differential TIA circuit 76 may allow use of a switching power supply with the ROA 60,
which may otherwise not be possible without degrading bandwidth performance. As
another example, noise may be inserted into the ROA 60 from the transmission lines
88A, 88B receiving extraneous RF signals.

[0046] With continuing reference to FIG. §, providing differential amplifiers in the
differential TIA circuit 76 is acceptable for the ROA 60, because even with the added
noise floor (e.g., + 3dB) of the two TIAs 92A, 92B, the short haul application of the ROA
60 provides lower loss and sufficient optical power level. This circuit feature of
providing differential amplifiers in the differential TIA circuit 76 with common mode
rejection can also save costs for the ROA 60, because the photodiode 70 and at least a
portion of the transmission lines 88A, 88B that do not extend into the protocol chip
packaging 84 do not have to be RF shiclded to be immune or substantially immune to
extrancous RF signal noise. The differential amplifier arrangement in the differential
TIA circuit 76 allows more noise to be present on the transmission lines 88A, 88B
because of the common mode rejection performed by the differential TIA circuit 76
without requiring additional components or features in the ROA 60 to reduce extraneous
induced noise, such as RF shiclding for example. The output clectrical signal provided
on the differential TIA output node 106 by the output differential amplifier 94 is provided
to an input node 112 of a protocol circuit 108 that can be configured to convert the output
electrical signal generated by the output differential amplifier 94 on the differential TIA
output node 106 into the desired protocol (e.g., USB).

[0047] In summary, the TIAs 92A, 92B arc provided to have a fixed TIA input
impedance Z,, which is not provided on conventional ROSA 20 in FIGS. 2 and 3 or
other ROSAs. TIAs for ROSAs are typically designed for low input impedance to
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provide the lowest possible input RC time constant in conjunction with a photodiode
capacitance. With the ROA 60 of FIG. S, these conventional design features are
purposefully disregarded and unconventional wisdom is used for the benefit of short haul
active optical cables as one application example. The low input impedance is sacrificed
by providing a higher, fixed TIA input impedance Z;, which is preferably impedance-
matched to the transmission impedance Z, of the transmission lincs 88A, 88B, to
remotely locate the photodiode 70 from the TIAs 92A, 92B as discussed above. To
further reduce the effect of parasitic bond-wire inductances 109A, 109B that may be
present in transmission lines 88A, 88B to further reduce the RC time constant,
compensating capacitors 110A, 110B may be provided as illustrated in FIG. 5. The
capacitance of the compensating capacitors 110A, 110B substantially equals the parasitic
inductances 109A, 109B divided by the TIA 92A, 92B input impedance. Also note that a
compensating inductor(s) can be provided in the ROA 60 in FIG. 5 to offset or reduce
capacitance in the transmission lines 88A, 88B. Also note that either inductances or
capacitances of the transmission lines 88A, 88B may be modified to compensate for
excess capacitance or inductances to attempt to impedance-match the transmission
impedance Z, with TIA input impedance Z;y, or otherwise provide the desired impedance
of the transmission impedance Z,.

[0048] With continuing reference to FIG. §, the components of the ROA 60 can be
physically arranged such that capacitive coupling from any voltage source inside an
active optical cable in which the ROA 60 is disposed, including power source 107, is
substantially balanced, such that induced voltages amplified by TIAs 92A, 92B arc
cancelled by output differential amplifier 94. Similarly, inductive flux sources, including
power supply 107, can be located in an active optical cable including the ROA 60 such
that the magnetic flux 109 is substantially balanced to the bond wires 93A, 93B such that
induced currents as amplified by TIAs 92A, 92B are cancelled by output differential
amplifier 94. The TIAs 92A, 92B may also be internally constructed to be identical or
substantially identical such that any noise from the power supply 107 induced in the ROA
60, produce identical or substantially identical signals on the output nodes 102A, 102B to

be cancelled or substantially cancelled by the output differential amplifier 94.
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[0049] Many modifications and other embodiments of the embodiments sct forth
herein will come to mind to one skilled in the art to which the embodiments pertain
having the benefit of the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the description and claims are
not to be limited to the specific embodiments disclosed and that modifications and other
cmbodiments arc intended to be included within the scope of the appended claims. 1t is
intended that the embodiments cover the modifications and variations of the
embodiments provided they come within the scope of the appended claims and their
equivalents. Although specific terms are employed herein, they are used in a generic and

descriptive sense only and not for purposes of limitation.

Page 21 of 29






2/6

FIG.2
PRIOR ART



3/6

14V Y0I4d

£ 914

1

89y

wy///// \ w/////

"




S

A U//L@

F6.4




2
SJ% " s |
] / “ " & V/ g/” Vi

AN
\J

Nn_y_ (N9 /]
v96 gL ach

5/6

f <Nm_\_+ b _ <<\a NN

¥v0l //,‘ﬁ 86 o \
7
00! § E\ 0§~ 07 ey
Ly
> o
91 L
8/ iﬂN v 60




6/6




Electronic Acknowledgement Receipt

EFS ID: 14045052
Application Number: 61716868
International Application Number:
Confirmation Number: 6739

Title of Invention:

RECEIVER OPTICAL ASSEMBLIES (ROA'S) HAVING PHOTO-DETECTOR
REMOTELY LOCATED FROM TRANSIMPEDANCE AMPLIFIER, AND RELATED
COMPONENTS, CIRCUITS, AND METHODS

First Named Inventor/Applicant Name:

Andrew Cole

Customer Number:

21495

Filer:

Michael Edward Carroll/Michelle Martinez

Filer Authorized By:

Michael Edward Carroll

Attorney Docket Number: HI12-106P
Receipt Date: 22-0CT-2012
Filing Date:
Time Stamp: 16:47:42
Application Type: Provisional
Payment information:
Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $250

RAM confirmation Number 4027

Deposit Account 033325

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)




File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name f . .
Number Message Digest | Part/.zip| (ifappl.)
20121022_HI12-106P_US_Provi 92378
1 Transmittal of New Application LT or YooVl no 2
sional_Transmittal.pdf
afobb /6d089f3dafbedb 14c10ccd3 /f14chc8]
4c2
Warnings:
Information:
20121017_HI12-106P_S ifi 205160
2 Specification - —~>pediiica no 29
tion.pdf
56002db9110c0039df4d2fb2f6c 188017967
c6d4
Warnings:
Information:
. o . 139945
3 Drawings-only black and white line 20121017_HI12-106_Drawings. no 6
drawings pdf
7940217975fce5b1a5242a5a29874aa01a4)]
d7cd
Warnings:
Information:
29883
4 Fee Worksheet (SB06) fee-info.pdf no 2
de9520301455042fe592613308adde02d65|
1d8ce
Warnings:
Information:
Total Files Size (in bytes); 467366

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




Attorney Docket No.: HI12-106P

ABSTRACT OF THE DISCLOSURE

Embodiments disclosed herein include receiver optical assemblies (ROAS) having
a photo-detector remotely located from a differential transimpedance amplifier (TTA).
Rclated components, circuits, and mcthods arc also discloscd. By providing the photo-
detector remotely located from a TIA, additional costs associated with design constraints
of providing the photo-detector intimate with a TIA may be avoided, thereby reducing
cost of the ROA. In this regard as a non-limiting example, the ROAs according to the
embodiments disclosed herein allow shorter haul active optical cable applications for use
in consumer applications from a cost standpoint with the added bencefits of incrcascd
bandwidth and low noise performance of optical fiber. In this regard, the ROAs
disclosed herein provide higher input impedance differential TIA circuits and
transmission circuits inhibiting or reducing ringing effects and maintain a sufficiently low
resistance-capacitance (RC) time constant for differential TIA circuit to allow for higher

bandwidth operation of the ROA.
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We claim:

1. A receiver optical assembly (ROA), comprising:

a photo-detector disposed in an optical header packaging, the photo-detector
configured to detect and convert input optical signals into output electrical signals;

a differential transimpedance amplifier (TIA) circuit disposed in an integrated
circuit remotely located from the optical header packaging, the differential TTA circuit
comprising a first diffcrential input node and a sccond diffcrential input nodc, and the
differential TIA circuit having a TIA input impedance of at least 10 ohms to reduce a
ringing effect over the first differential input node and the second differential input node;
and

a transmission circuit comprised of a first transmission line coupled to the first
differential input node, and a second transmission line coupled to the second differential
input node;

a first node of the photo-detector coupled to the first transmission line and a
second node of the photo-detector coupled to the second transmission line to couple the
photo-detector to the differential TIA circuit to amplify the output electrical signals

received from the photo-detector.

2. The ROA of claim 1, wherein the differential transimpedance amplifier (TIA)
circuit is remotely located from the photo-detector by at least approximately 1.0

millimeter (mm).

3. The ROA of claim 1, wherein the TIA input impedance of the differential TIA

circuit is approximately 35 ohms.

4. The ROA of claim 1, wherein the TIA input impedance of the differential TIA

circuit is between approximately ten (10) ohms and two hundred (200) ohms.
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5. The ROA of claim 1, wherein a transmission impedance of the transmission
circuit is impedance matched or substantially impedance-matched to the TIA input

impedance of the differential TIA circuit.

6. The ROA of claim 1 disposed on a printed circuit board (PCB), wherein the

transmission circuit is provided as at lcast onc PCB tracc disposcd in the PCB.

7. The ROA of claim 1, wherein the photo-detector is comprised of a photodiode.

8. The ROA of claim 1, further comprising at least one compensating capacitor
coupled to at least one of the first node and the second node of the photo-detector to

reduce parasitic inductance of the photo-detector.

9. The ROA of claim 1, further comprising at least one compensating inductor
coupled to at least one of the first node and the second node of the photo-detector to

reduce parasitic capacitance of the photo-detector.

10. The ROA of claim 1, wherein the differential TIA circuit further comprises:

a first TIA containing the first differential input node coupled to the first
transmission line, and

a second TIA containing the second differential input node coupled to the second

transmission line.

11.  The ROA of claim 10, wherein the output differential TIA circuit further
comprises an output differential TIA having a first differential input node coupled to a
first output node of the first TIA, and a second differential input node coupled to a second
output node of the second TIA, the differential TIA circuit configured to reject common

noise amplified by the first TIA and the second TIA.

12. The ROA of claim 1, wherein the differential TIA circuit is provided in an

integrated circuit (IC) chip.
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13.  The ROA of claim 12, further comprising a protocol circuit disposed in the
integrated circuit (IC) chip, the protocol circuit comprising an input node coupled to an

output signal node of the differential TIA circuit.

14.  The ROA of claim 1, further comprising a RF shield shielding differential TTA

circuit.

15. The ROA of claim 1, wherein the optical header packaging and at least a

portion of the transmission circuit are not RF shielded.

16. The ROA of claim 1, wherein the optical header packaging does not include a

transimpedance amplifier.

17.  The ROA of claim 1 disposed in an active optical cable assembly of an active

optical cable.

18. The ROA of claim 17, wherein the active optical cable is no longer than one

hundred (100) meters (m).

19. The ROA of claim 17, wherein the active optical cable assembly further
comprises a switching power supply configured to supply power to the differential TIA

amplifier circuit.

20. A method of assembly of a receiver optical assembly (ROA), comprising:
disposing a photo-detector in an optical header packaging on a printed circuit
board (PCB), the photo-detector configured to detect and convert input optical signals
into output clectrical signals;
disposing a differential transimpedance amplifier (TIA) circuit provided in an
integrated circuit on the PCB remotely located from the optical header packaging, the
differential TIA circuit comprising a first differential input node and a second differential

input node, and the differential TIA circuit having a TIA input impedance of at least 10
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ohms to reduce a ringing effect over the first differential input node and a second
differential input node;

disposing a transmission circuit in the PCB comprised of disposing a first
transmission line as a first PCB trace in the PCB and a second transmission line as a
second PCB trace in the PCB;

coupling the first diffcrential input nodc of the differential TIA circuit to the first
transmission line and coupling the second differential input node of the differential TIA
circuit to the second transmission line; and

coupling a first node of the photo-detector to the first transmission line and
coupling a second node of the photo-detector to the second transmission line to couple
the photo-detector to the differential TIA circuit to amplify the output electrical signals

received from the photo-detector.

21.  The method of claim 20, comprising impedance matching or substantially
impedance matching the TIA input impedance with a transmission impedance of the

transmission circuit.

22.  The method of claim 20, further comprising not RF shielding the optical header
packaging.

23.  The method of claim 20, further comprising not providing a transimpedance

amplifier in the optical header packaging.

24. A receiver optical assembly (ROA), comprising:
a photo-detector disposed in an optical header packaging, the photo-detector
configured to detect and convert input optical signals into output electrical signals;
a differential transimpedance amplifier (TIA) circuit comprising;
a first TIA having a first differential input node and a first output node;
a second TIA having a second differential input node and a second output

node; and
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an output differential TIA having a first differential input node coupled to
the first output node of the first TIA, and a second differential input node coupled
to the second output node of the second TIA, the differential TIA circuit
configured to reject common noise amplified by the first TIA and the second TIA;
the differential TIA circuit having a TTA input impedance of at least 10
ohms to rcducc a ringing cffect over the first differential input node and the
second differential input node; and
a transmission circuit comprised of a first transmission line coupled to the first
differential input node of the first TIA, and a second transmission line coupled to the
second differential input node of the second TIA; and
a first node of the photo-detector coupled to the first transmission line and a
second node of the photo-detector coupled to the second transmission line to couple the
photo-detector to the differential TIA circuit to amplify the output electrical signals

received from the photo-detector.

25.  The ROA of claim 24, wherein the TIA input impedance of the differential TIA

circuit is approximately 35 ohms.

26.  The ROA of claim 24, wherein the TIA input impedance of the differential TIA

circuit is between approximately ten (10) ohms and two hundred (200) ohms.

27. The ROA of claim 24, wherein a transmission impedance of the transmission
circuit i impedance matched or substantially impedance-matched to the TIA input

impedance of the differential TIA circuit.
28.  The ROA of claim 24, further comprising a protocol circuit disposed in an
integrated circuit (IC) chip, the protocol circuit comprising an input node coupled to an

output signal node of the differential TIA circuit.

29. The ROA of claim 24, wherein the optical header packaging and at least a portion

of the transmission circuit are not RF shielded.
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30.  The ROA of claim 24, further comprising not providing a transimpedance

amplifier in the optical header packaging.

31.  The ROA of claim 24 disposed in an active optical cable assembly of an active
optical cable.

32. The ROA of claim 31, whercin the active optical cable assembly further
comprises a switching power supply configured to supply power to the differential TIA

amplifier circuit.

33. A method of assembling a receiver optical assembly (ROA), comprising:
disposing a photo-detector in an optical header packaging on a printed circuit
board (PCB), the photo-detector configured to detect and convert input optical signals
into output electrical signals;
disposing a differential transimpedance amplifier (TIA) circuit provided in an
integrated circuit on the PCB remotely located from the optical header packaging, the
differential TIA circuit comprising:
a first TIA having a first differential input node and a first output node;
a second TIA having a second differential input node and a second output
node; and
an output differential TIA having a first differential imput node coupled to
the first output node of the first TIA, and a second differential input node coupled
to the second output node of the second TIA, the differential TIA circuit
configured to reject common noise amplified by the first TIA and the second TIA;
the differential TIA circuit having a TIA input impedance of at least 10
ohms to reduce a ringing effect over the first differential input node and the
second differential input node; and
disposing a transmission circuit in the PCB comprised of disposing a first
transmission line as a first PCB trace in the PCB and a second transmission line as a

second PCB trace in the PCB;
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coupling the first differential input node of the first TIA to the first transmission
line and coupling the second differential input node of the second TIA circuit to the
second transmission line; and

coupling a first node of the photo-detector to the first transmission line and
coupling a second node of the photo-detector to the second transmission line to couple
the photo-dctector to the differential TIA circuit to amplify the output clectrical signals
received from the photo-detector.
34.  The method of claim 33, further comprising impedance matching or substantially
impedance-matching the transmission impedance of the transmission circuit to the TIA

input impedance of the differential TIA circuit.
35.  The method of claim 33, further comprising providing a protocol circuit in an
integrated circuit (IC) chip, and coupling an input node of the protocol chip to an output

signal node of the differential TIA circuit.

36.  The method of claim 33, further comprising not RF shielding the optical header
packaging.

37.  The method of claim 33, further comprising not providing a transimpedance

amplifier in the optical header packaging.
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