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OPTO-ELECTRONIC ASSEMBLIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of United King-
dom Application No. GB2303182.6 filed on Mar. 3, 2023,
and entitled “Opto-electronic assemblies,” which is incor-
porated by this reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present application relates to opto-electronic
assemblies and receive optical sub-assembly design and
construction.

BACKGROUND

[0003] High speed optical communication links can be
configured in many forms depending on the nature of the
physical length of the optical path, the type of fibre and laser
used, and the data rate. The main components of a terminal
node in a high-speed data optical system are generally
similar in function.

[0004] In the transmit path, electrical data is passed to
circuitry that drives current through a laser and performs
modulation of the laser’s optical output in a manner that
allows information to be conveyed. In the receive path,
optical signals are first converted to electrical form and then
passed on to various functions, which may perform some
manner of signal processing with the goal of providing
precise data signals to some client digital functions.
[0005] The conversion from the optical signals received
from the fibre into electrical signals is typically performed
using a photodiode, whose output current is fed to a tran-
simpedance amplifier (TIA) arrangement. The signal arriv-
ing from fibre links with a range of attenuation levels can
range from very weak to very strong. In order to be able to
handle such a range of signal strength, it is common to use
an automatic gain control (AGC) system to adjust the gain
of the TIA. Such AGC systems are typically implemented
using relatively simple circuits due to the demands of
maintaining performance over a high bandwidth range. A
consequence of the relative simplicity in the circuits is that
the TIA response may be seen to vary as the output signal
swing becomes large, leading to amplitude non-linearity and
to variations in the transient response stability. Both of these
effects may cause errors in the subsequent data decision
functions in the signal path.

SUMMARY

[0006] Technologies are presented herein for providing an
improved means for the reception of optical signals with
improved amplitude linearity and/or time domain stability in
the TIA function. Utilizing the technologies described
herein, optical signals may be received and converted to
electrical form with substantial improvements in the fidelity
of the intended signal waveform and a reduction in errors
arising from distortion of the received signal waveform.

[0007] According to some embodiments, an assembly of
electronic components for reception of data using an optical
fibre comprises: a photodiode; a first amplifier coupled to
said photodiode; at least one feedback resistor coupled
between an output and an input of said amplifier; an arrange-
ment of at least two MOS transistors wherein said at least
two MOS transistors are of the same channel polarity, and
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wherein said at least two MOS transistors are configured to
be in parallel with said resistor; a system for sensing a
received input signal level, wherein said system is config-
ured to apply a bias voltage to gates of said at least two MOS
transistors, said bias voltage being varied by said system
according to said received input signal level in a manner to
control a resistance apparent through a configuration of said
at least two MOS transistors; at least one capacitor config-
ured to couple signals from an output of said amplifier to a
gate of at least one of said at least two MOS transistors; and
at least one bias resistor configured to couple said bias
voltage to a gate of at least one of said at least two MOS
transistors.

[0008] In further embodiments, said arrangement of said
at least two MOS transistors may comprise said MOS
transistors arranged so that their channel terminals are in
parallel. Said at least one capacitor may be coupled to said
output of said amplifier via a first electronic switch. Said at
least one capacitor may be coupled to a ground reference
terminal via a second electronic switch. A conducting con-
dition of said first electronic switch may be opposite to the
conducting condition of said second electronic switch. Said
system for sensing said received input signal level may be
further configured to provide control signals to set said
conducting state of said first and second electronic switches.
Said arrangement of said at least two MOS transistors may
comprise said MOS transistors configured so that their
channel terminals are in series.

[0009] In further embodiments, a gate of a first of said at
least two MOS transistors may be coupled to receive said
bias voltage from said sensing system. A first channel
terminal of said first of said at least two MOS transistors
may be coupled to an input of said amplifier. A second
channel terminal of said first of said at least two MOS
transistors may be coupled to a first channel terminal of a
second of said at least two MOS transistors. A second
channel terminal of said second of said at least two MOS
transistors may be coupled to said output of said amplifier.
Said gate of said second of said at least two MOS transistors
may be coupled to said gate of the said first MOS transistor
via said at least one bias resistor. A gate of said second of
said at least two MOS transistors may be coupled to said
output of said amplifier via said capacitor. Said same chan-
nel polarity may be one of: n-channel; and p-channel.

[0010] According to further embodiments, a method for
providing an assembly of electronic components for recep-
tion of data using an optical fibre comprises: providing a
photodiode; providing a first amplifier coupled to said
photodiode; providing at least one feedback resistor coupled
between an output and an input of said amplifier; providing
an arrangement of at least two MOS transistors wherein said
at least two MOS ftransistors are of the same channel
polarity, and wherein said at least two MOS transistors are
configured to be in parallel with said resistor; providing a
system for sensing a received input signal level, wherein
said system is configured to apply a bias voltage to gates of
said at least two MOS transistors, said bias voltage being
varied by said system according to said received input signal
level in a manner to control a resistance apparent through a
configuration of said at least two MOS transistors; providing
at least one capacitor configured to couple signals from an
output of said amplifier to a gate of at least one of said at
least two MOS transistors; and providing at least one bias
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resistor configured to couple said bias voltage to a gate of at
least one of said at least two MOS transistors.

[0011] In further embodiments, providing said arrange-
ment of said at least two MOS transistors may comprise
providing said MOS transistors arranged so that their chan-
nel terminals are in parallel. Providing said at least one
capacitor may comprise: coupling said at least one capacitor
to said output of said amplifier via a first electronic switch;
and coupling said at least one capacitor to a ground reference
terminal via a second electronic switch, and wherein a
conducting condition of said first electronic switch is oppo-
site to the conducting condition of said second electronic
switch. Providing said system for sensing said received
input signal level may further comprise providing control
signals to set said conducting state of said first and second
electronic switches. Providing said arrangement of said at
least two MOS transistors may comprise providing said
MOS transistors arranged so that their channel terminals are
in series.

[0012] In further embodiments, providing said arrange-
ment of said at least two MOS transistors may comprise:
coupling a gate of a first of said at least two MOS transistors
to receive said bias voltage from said sensing system;
coupling a first channel terminal of said first of said at least
two MOS transistors to an input of said amplifier; coupling
a second channel terminal of said first of said at least two
MOS transistors to a first channel terminal of a second of
said at least two MOS transistors; and coupling a second
channel terminal of said second of said at least two MOS
transistors to said output of said amplifier. Providing said
arrangement of said at least two MOS ftransistors may
comprise: coupling said gate of said second of said at least
two MOS transistors to said gate of the said first MOS
transistor via said at least one bias resistor; and coupling a
gate of said second of said at least two MOS transistors to
said output of said amplifier via said capacitor. Said channel
polarity may be one of: n-channel; and p-channel.

BRIEF DESCRIPTION OF FIGURES

[0013] Some embodiments will now be described by way
of example only and with reference to the accompanying
drawings in which:

[0014] FIG. 1 shows the general arrangement for an opti-
cal fibre data communication system according to prior art.

[0015] FIG. 2 shows an arrangement for an idealised TIA
incorporating AGC as used in the receive path of an optical
communication system according to prior art.

[0016] FIG. 3 shows an arrangement for a TIA incorpo-
rating AGC as used in the receive path of an optical
communication system according to prior art.

[0017] FIG. 4 shows an alternative arrangement for an
idealised TIA incorporating AGC as used in the receive path
of an optical communication system according to prior art.

[0018] FIG. 5 shows a further arrangement for a TIA
incorporating AGC as used in the receive path of an optical
communication system according to prior art.

[0019] FIG. 6 shows an arrangement for a TIA incorpo-
rating AGC as used in the receive path of an optical
communication system according to prior art means show-
ing the voltages affecting the AGC control according to prior
art.
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[0020] FIG. 7 shows a representation of the output wave-
forms from a TIA incorporating AGC as used in the receive
path of an optical communication system according to prior
art

[0021] FIG. 8 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to some embodiments.

[0022] FIG. 9 shows a representation of signal waveforms
and device bias values in the arrangement shown in FIG. 8
according to some embodiments.

[0023] FIG. 10 shows an alternative arrangement for a
TIA as used in the receive path of an optical communication
system incorporating AGC according to some embodiments.
[0024] FIG. 11 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to some embodiments illustrating
parasitic capacitances.

[0025] FIG. 12 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to a further embodiments.

[0026] FIG. 13 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to some embodiments used in a
high gain configuration.

[0027] FIG. 14 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to some embodiments used in a
controlled gain configuration.

[0028] FIG. 15 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to a further embodiments.

[0029] FIG. 16 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to some embodiments.

[0030] FIG. 17 shows an arrangement for a TIA as used in
the receive path of an optical communication system incor-
porating AGC according to some embodiments.

DETAILED DESCRIPTION

[0031] The description is not to be taken in a limiting
sense but is made merely for the purposes of describing the
general principles of the various embodiments.

[0032] FIG. 1 shows a typical optical communication
system according to prior art. The system is shown with a
transmit optical sub-assembly (TOSA) 101 configured to
receive data 100 and transmit suitable optical signals via a
fibre 105. The TOSA 101 can comprise a suitable transmit
driver circuit 102 configured to drive a laser or suitable light
generating means 103 with a current. The light generating
means 103 is furthermore configured to receive the current
and generate optical signals for the fibre 105. The system
furthermore comprises a Receive Optical Sub-Assembly
(ROSA) 106 configured to receive the optical signals and
generate a raw data signal 110. The ROSA 106 can comprise
a photodiode 107 configured to convert the optical signals
arriving via the fibre 105 into a current. This current may be
very weak if the optical path through the fibre 105 is long,
or may be quite strong if the path is short. Such variations
in the generated photocurrent may occur in passive optical
networks wherein there are multiple terminal nodes at
different locations with different optical path lengths.
[0033] Furthermore the ROSA 106 can comprise a tran-
simpedance amplifier (TIA) arrangement 108. The TIA 108
is configured to take the current from the photodiode 107
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and typically converts this into a voltage signal large enough
to be processed by subsequent electronic circuits, such as the
data decision circuitry 109, whose function is to extract the
(raw) data signal 110 values from the signal.

[0034] Due the abovementioned variations in magnitude
of the incoming photocurrent, it is desirable to be able to
control the gain of the TIA so that the TIA is not overloaded
when signals are strong, and to control signal levels pre-
sented to the subsequent circuitry within acceptable limits
for correct operation, avoiding undesirable errors in the
recovered data.

[0035] FIG. 2 shows a schematic view of an idealised
architecture of a typical TIA arrangement 108, wherein the
gain is made adjustable under electronic control. At the core
of the TIA is an inverting amplifier 201, whose gain is
ideally large and having a large signal bandwidth sufficient
to provide feedback over the frequency range of the incom-
ing signals, and preferably creating a virtual earth condition
at the input 203. The gain is set by the feedback resistance
Rzzp-202. To adjust the gain, Rz~ is made variable. Since
the current provided by the photodiode 107 has a DC
component that varies with received optical the signal
magnitude, the output 204 of the TIA will have a corre-
sponding change in its mean DC level. Such changes can
obviously be problematic for the succeeding decision func-
tions.

[0036] FIG. 3 shows an idealised architecture of a typical
TIA arrangement 108, wherein the overall (closed loop) gain
is made adjustable under electronic control. At the core of
the TIA is an inverting amplifier 201, whose gain is ideally
large and can preferably create a virtual earth condition at
the input 203. The amplifier 201 should also ideally having
a large signal bandwidth sufficient to provide feedback over
the frequency range of the incoming signals, and for the
range of feedback settings used to set the closed loop gain.
In addition, a current sink IBIAS 303 provides a path for the
DC component of the photodiode 107 current, so that the
current input to the TIA is substantially AC in nature, and
hence the average value of the TIA output 204 remains
stable around a known common mode voltage. The adjust-
ment of said current sink IBIAS 303 to ensure that the DC
component of the photodiode current is essentially removed
from the TIA input over varying optical signal strength
levels is often linked to the gain control mechanism, but may
also be a separate function. In the succeeding descriptions of
the embodiments, the inclusion or absence of the current
sink IBIAS 303 is not further elaborated but one skilled in
the art will recognise that said feature can be added where
it is not shown explicitly.

[0037] To provide a range of feedback resistance values
and hence vary the overall closed loop gain of the TIA, it is
common to use a metal-oxide-semiconductor field effect
transistor (MOSFET) Mz, 302 in parallel with a fixed
resistance Rz 301. A control voltage V-~ 305 is applied to
the gate 304 of the MOS transistor Mz, 302 to vary the
effective resistance seen between the source and drain
terminals.

[0038] In an ideal implementation, the input terminal 203
of the amplifier 201 at the core of the TIA 108 is substan-
tially constant, that is to say held at a voltage that is nearly
constant within appropriate engineering tolerances due to
the feedback applied, and hence the bias between the gate
304 of the MOS transistor 302 and one of the channel
terminals remains approximately constant. The absolute
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value of the voltage at the input of the amplifier will depend
on the internal bias conditions within said amplifier.
[0039] FIG. 4 shows an alternative idealised TIA arrange-
ment 108, wherein the amplifier 401 at the core of the TIA
has inverting 203 and a non-inverting 402 input terminals.
Thus the quiescent voltage seen at the input of said amplifier
is defined by the reference voltage applied to the non-
inverting 402 input terminal.

[0040] FIG. 5 shows a further idealised TIA arrangement
108, wherein an additional resistance R, 501 is added to the
feedback path, whose purpose is to optimise performance in
the condition of maximum sensitivity by taking account of
the finite gain A of the inverting amplifier 201 at the core of
the TIA 108.

[0041] In the arrangement shown in FIG. 4, some of the
parasitic capacitances associated with the MOS gain control
transistor Mgz, 302 will appear at the input node of the
amplifier. If the amplifier 201 gain A is insufficient to ensure
a nearly ideal virtual earth condition at its input, it follows
that there will be charge flowing into and out of said parasitic
capacitances, thereby having some effect on the stability and
settling behaviour of the TIA. In FIG. 5, the value of RP 501
is set so as to ensure that the connection node 502 between
R, and Rz 301 remains very close to a fixed value under
maximum gain conditions. This condition will be satisfied
for practical purposes if R, is approximately equal to R-z/A.
[0042] Inthe succeeding descriptions of the embodiments,
the inclusion or absence of R, is not further elaborated upon,
but one skilled in the art will recognise that said feature can
be easily added where it is not shown explicitly.

[0043] FIG. 6 shows an ideal TIA implementation with the
voltages between the terminals of the MOS transistor shown
to provide further clarity in the preceding discussion of the
background.

[0044] In an ideal TIA implementation, the input terminal
203 of the amplifier 201 at the core of the TIA is held at a
near constant voltage due to the feedback applied, and hence
the bias between the gate 304 of the MOS transistor Mz,
302 and one of the channel terminals remains approximately
constant. In this condition, the effect of parasitic capacitance
C, 601 at the input of the TIA is minimised. However, the
signal at the output V, 204 of the TIA may have an effect on
the bias condition of the MOS transistor M5, 302 used in
the feedback path for gain control. For example, if the MOS
transistor Mz, 302 is n-channel, then when the output 204
of the TIA has a negative excursion, the effective gate-
channel voltage will increase, as denoted by V ;. with the
potential to turn on the MOS transistor or, if the gate bias
305 provide by the AGC system is just above threshold
voltage under quiescent signal conditions, to increase the
channel conductivity from a desired nominal value.

[0045] During a positive excursion at the output 204 of the
amplifier, the gate to channel voltage will be primarily
determined by the value of the gate bias 305 relative to the
nearly constant voltage at the input 203 of the amplifier,
VGX. Thus, if the MOS transistor is biased below threshold
it will not turn on. If it is biased above threshold, the channel
conductivity will not increase significantly.

[0046] Hence, there is some possibility that the instanta-
neous gain of the TIA could vary significantly as a function
of the instantaneous voltage at the output 204 of the TIA.
Such a situation could lead to non-linear amplitude
responses, and to level-dependent variations in transient
settling time due to changing time-constants within the TIA
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configuration, particularly concerned with the capacitance
seen at the input of the amplifier.

[0047] In the condition of having a weak input signal from
the photodiode 107, the MOS transistor gate voltage 305
will be set below its threshold value for maximum overall
gain; the MOS transistor will be cut off and conduct no
current between its source and drain terminals. Hence the
total feedback resistance is at a maximum solely determined
by the value of RFB 301, and thus the overall closed loop
gain of the TIA is also at a maximum. In these conditions
with the overall gain set to the maximum, while the signal
present at the output 204 of the TIA may well have a
significant peak-to-peak magnitude, due to the gate bias 305
turning the MOS transistor 302 off, it will typically not be
large enough to turn on the MOS transistor even for part of
the signal waveform. Hence there is not likely to be signifi-
cant variation in the closed loop gain as a function of the
instantaneous TIA output voltage, nor significant impact on
stability and settling behaviour.

[0048] In the condition that the signal from the photodiode
107 increases above the minimum sensitivity level, but
remains relatively weak, there is a need to begin reducing
the overall closed loop gain of the TIA to avoid overloading
the TIA and overloading the input of any succeeding func-
tions. Thus the gate voltage V-~ 305 of the MOS transistor
302, relative to the voltage at the input 203 to the amplifier,
is raised to a value above the threshold voltage, whereby a
conducting channel is formed in the MOS transistor and
some feedback signal can flow through this highly resistive
path. Hence, the overall feedback resistance is reduced,
being the parallel combination of the fixed resistance 301
and the channel resistance of the MOS transistor 302. It is
in this condition, where the gate bias is just above the
threshold voltage of the MOS transistor MFB1 302, where
concerns arise over the instantaneous TIA output signal
giving rise to instantaneous gain variations as well as
stability and settling time variations.

[0049] The latter issue is the key problem that is addressed
by embodiments described herein.

[0050] When input signal from the photodiode is strong,
the gate voltage 305 of the MOS transistor 302 is raised to
a value significantly above the threshold value, and a con-
ducting channel is formed between the MOS ftransistor’s
source and drain terminals with a low resistance value. This
provides an additional feedback path that may dominate
over the feedback through the fixed resistance R,z 301. The
total combined feedback resistance is now at a minimum
value and hence the overall closed loop gain of the TIA is
also at a minimum.

[0051] In this condition the signal at the output 204 of the
TIA will have some effect on the gate to source (taking the
effective source as being the more negative end of the
channel) bias of the MOS transistor 302, but due to the
strong gate bias 305 from the AGC system in the minimum
gain condition, the impact on the channel resistance of the
MOS transistor will typically be small. Hence the instanta-
neous gain of the TIA will not vary significantly as a
function of the instantaneous voltage at the output of the
TIA.

[0052] The impact of such fluctuations in the effective
feedback impedance while amplifying a small input signal
from an optical communications channel is represented in
FIG. 7. While the peak 701 and trough 702 levels in the
output waveform corresponding to the optical “1”* and “0”
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levels, the changes in the gain and the changes in the
capacitance associated with the input of the amplifier can
lead to an underdamped ringing response for falling edges
704, and slower overdamped rising edges 703. This behav-
iour is clearly undesirable where a clean eye pattern is
sought for reliable data level decisions in the succeeding
functions in the signal path.

[0053] One alternative approach to this problem of asym-
metric feedback impedance is to use a combination of
n-channel and p-channel MOS transistors in parallel. This
however presents some challenges in implementation, inas-
much as the bias required for the n-channel and the p-chan-
nel MOS transistors will be different and will be required to
move in opposite senses. That is to say that if, for example,
it is required to decrease the overall gain of the amplifier, the
bias applied to the gate of the n-channel MOS transistor
would need to be made more positive with respect to V. At
the same time, the bias applied to the gate of the p-channel
MOS transistor will need to be made more negative with
respect to V. A design configured to provide such bias
voltages to operate the AGC function will necessarily com-
plicated and need to take account of differing threshold
voltages. In addition, if the n-channel and p-channel tran-
sistors have physical channel dimensions that will provide
approximately symmetrical conductivity for positive and
negative signal excursions, it is to be expected that the
parasitic capacitances associated with each of the MOS
transistors will be of different values, with a risk of some
asymmetry in overall settling behaviour.

[0054] To forestall problems associated with generating
two separate AGC voltages, the use of a combination of
n-channel and p-channel MOS transistors is avoided, and the
example circuit configurations presented below have been
developed in order to attempt to overcome the aforemen-
tioned problems based solely on the use of MOS transistors
of a single channel polarity.

[0055] FIG. 8 shows schematically an example arrange-
ment according to some embodiments wherein a second
MOS transistor Mz, 801 is added to the feedback path, in
parallel with the fixed feedback resistor R -z 301 and the first
MOS transistor Mgz, 302. Whilst the gate bias for the first
MOS transistor My, is supplied directly from a voltage
source V .~ 305, the bias for the second MOS transistor
Mz, is supplied via a resistor Rz, , < 802. The gate 804 ofthe
second MOS transistor M, is also connected to the output
204 of the amplifier via a capacitor Cg;, < 803. Thus whilst
the DC value of the bias at the gate 804 of the second MOS
transistor Mz, is set by the source V .~ 305, the gate
voltage can have an AC component following the voltage at
the output of the amplifier.

[0056] In the case of the first MOS transistor Mz, 302,
the voltage across the terminals designated X 203 and G1
304 remains essentially fixed with a value equal to V-~
Vs whilst the voltage across the terminals designated Y
204 and G1 304 will vary from this mean value following
the signal present at the output 204 of the amplifier.
[0057] Inthe case of the second MOS transistor Mz, 801,
the voltage across the terminals designated Y 204 and G2
804 remains essentially fixed with a value essentially equal
to Vs~V due to the coupling of the output signal 204 to
the gate node G2 804 via Cg;, 5 803, since the average value
of Vo=V, However, the voltage across the terminals
designated Y 204 and G1 304 will vary following the signal
present at the output of the amplifier.
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[0058] As discussed previously, a critical condition for the
TIA shown in FIG. 8 is when the signal from the optical
channel is small but above the minimum acceptable value,
such that it is necessary to begin reducing the gain of the
TIA. In this condition, the value of V5~ 305 is sufficient to
just turn on the MOS transistors in the feedback path.

[0059] In the arrangement shown in FIG. 8, assuming that
MOS transistors Mzz, 302 and Mz, 801 are n-channel
types, then when there is a positive signal excursion at the
output 204 of the amplifier, then the value of V,, will
decrease, but the value of V,;, will remain essentially
constant. Since in this condition the node designated X 203
is more negative than the output node designated Y 204,
hence the value of V., will provide the dominant control
over the channel in the MOS transistor M5, 302, and thus
the signal current fed back through this path will not change
greatly.

[0060] In the case of MOS transistor M, 801, the signal
from the amplifier output 204, coupled to the gate 804 of
said transistor will result in the value of V., remaining
substantially unchanged. However, the value of V., will
increase. As the output node designated Y 204 is now more
positive than the input node designated X 203, the value of
V xa» Will provide the dominant control over the channel in
the MOS transistor Mz, 801, and thus the signal current fed
back through this path will increase.

[0061] When there is a negative signal excursion at the
output 204 of the amplifier, then the value of V,, will
increase, but the value of V,, will remain substantially
constant. Since in this condition the output node designated
Y 204 is more negative than the input node designated X
203, hence the value of V5, will provide the dominant
control over the channel in the MOS transistor My, 302,
and thus the signal current fed back through this path will
increase.

[0062] In the case of MOS transistor M5, 801, the signal
from the amplifier output 204, coupled to the gate 804 of
said transistor will result in the value of V., remaining
essentially unchanged. However, the value of V., will
decrease. As the input node designated X 203 is now more
positive than the output node designated Y 204, the value of
V ye» will provide the dominant control over the channel in
the MOS transistor Mz, 801, and thus the signal current fed
back through this path will not change greatly.

[0063] Whilst there are clearly variations in the total
impedance of the feedback path comprising Rz 301, Mz,
302 and Mz, 801 as a result of the signal excursions at the
output 204 of the amplifier, it will be apparent to one skilled
in the art that such variations are substantially the same for
either positive or negative excursions of the output signal.

[0064] FIG. 9 shows an idealised representation of the
effective gate to source voltage 903 for the MOS transistors
Mgz, the effective gate to source voltage 902 for the MOS
transistors Mz, as a function of the amplifier output signal
901 excursions in the arrangement previously disclosed in
FIG. 8. As will be seen, the variations in gate to source
voltages, that are the dominant factor determining the
instantaneous channel conductivity, are essentially sym-
metrical with respect to the centre of the data waveform. As
a result, the damping of the amplifier’s feedback configu-
ration will show more nearly ideal symmetrical behaviour,
and thus the recovered data eye pattern will retain symmetry
for improved data decisions.
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[0065] FIG. 10 shows a variation of the arrangement
disclosed in FIG. 8 wherein an additional resistance R 1001
has been added. As previously discussed, the addition of a
smaller resistor in this way helps to maintain the potential at
the node designated X 1002 at a more nearly constant value.
This modification may be necessary in cases where the open
loop gain of the core is limited such that there is not a near
ideal virtual ground for AC signals at its input.

[0066] FIG. 11 shows the presence of some significant
parasitic capacitances in the arrangement previously dis-
closed in FIG. 8. Of most significance is the gate to source
capacitance C,y 1101 of MOS transistor M5, 801 which
now appears in parallel with the feedback resistor Rz 301
due to the coupling from the amplifier output via capacitor
Cpris 803. Any parasitic capacitances 1102 that appear
across resistor Rz 301 can have a major impact on overall
bandwidth of the TIA, and so it is normal that these are kept
to a minimum by layout and other means. The additional
capacitance 1101 associated with MOS transistor M5, 801
will typically be of significant size, and have a very unde-
sirable impact on the overall bandwidth of the TIA arrange-
ment.

[0067] FIG. 12 shows an arrangement comprising further
improvements to the arrangement disclosed in FIG. 8
according to an embodiment. Two MOS transistors My,
1201 and Mgy, 1202 are added to provide means for
disconnecting the path 1203 from the amplifier output 204
through Cg;, < 803 to the gate 804 of Mz, 801, and further
to provide means for connecting Cz; , < to a ground reference.

[0068] When Mgy, 1201 is off and Mgy, 1202 is on as
shown in FIG. 13, then MOS transistor M.z, 301 and MOS
transistor Myz, 801 both behave in the same fashion,
wherein the gate bias voltage appears essentially constant
and equal to the value supplied by the AGC source V ;-
305. This is the preferred condition when the input signal is
at a minimum level, and both AGC MOS transistors Mz,
302 and My, 801 are turned off so that maximum overall
gain is achieved in the TIA.

[0069] When switching MOS transistor My, 1201 is on
and switching MOS transistor Mg;;- 1202 is off as shown in
FIG. 14, the circuit behaves as previously described with
reference to FIG. 8. This is the preferred condition when the
input signal from the optical channel is larger, and the AGC
system is activated to reduce the overall gain of the TIA. In
this condition the gate 804 of M5, 801 is now connected to
the output 204 for AC signals so as to improve the output
waveform symmetry as previously described with reference
to FIG. 8.

[0070] FIG. 15 shows an arrangement according to a
further embodiment wherein a second MOS transistor Mz,
1502 is added to the feedback path, in series with the a MOS
transistor M.z, 1501, and wherein the said series configu-
ration of MOS transistors Mz, 1501 and My, 1502 are
connected in parallel with the feedback resistor Rz 301.
The DC value of the bias to the gates of both MOS
transistors is supplied by the voltage source V ;.- 305
controlled by the AGC system as previously described.
Whilst the gate 1507 of MOS transistor Mgz, 1501 is
connected directly to said voltage source 305, the gate 1506
of MOS transistor My, 1502 is connected on the one hand
to the voltage source V , ;305 via a resistor R, 1503 and
also connected to the output 204 of the amplifier via capaci-
tor Cg,,5 1504. By these means the voltage at the gate 1506
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of MOS transistor Mz, 1502 has a DC value of V- but
can vary in sympathy with voltage excursions at the output
204 of the amplifier 201.

[0071] In the arrangement shown in FIG. 15, consider the
situation wherein, as an example, that MOS transistors Mz,
1501 and M5, 1502 are n-channel types, and that there is
a moderate input signal from the optical communication
channel such that the AGC system is providing a voltage
from V. 305 sufficient to turn on the MOS transistors to
some degree.

[0072] Where there is neither positive nor negative signal
excursion from the mean signal value at the amplifier output,
designated node W 204, then there will be no signal current
flowing through the feedback resistor Rz 301 nor through
the channels of MOS transistors Mz, 1501 and M5, 1502;
and hence both MOS transistors will see the gate to source
bias value of V -V, 1€, Viei=Viuei=Vwe=Vyass
thus both MOS transistors will exhibit the same channel
conductivity.

[0073] When there is a positive signal excursion at the
output 204 of the amplifier, then some signal current will
flow from the amplifier output node Y 204 to the amplifier
input node X 203 through the feedback resistance R.; 301
and through the channels of MOS transistors M5, 1501 and
Mgz, 1502, creating a potential difference between the
output node Y 204 and the connection between the two MOS
transistors node W 1505, and also between nodes W and the
input node X 203. In this condition the gate to source bias
(taking the effective source as being the more negative end
of the channel) seen by MOS transistor Mz, 1501 will
remain unchanged since the value of V.., will remain
unchanged. However, as the voltage at the amplifier out
node Y 204 rises, so the coupling through capacitor Cz;,
1504 makes the value of the gate voltage of MOS transistor
Mgz, 1502 rise, having an instantaneous value of approxi-
mately V, ;-+V -V, Hence the bias applied to MOS
transistor My, from gate G2 1506 to the appropriate source
at node W 1505 output will increase, increasing the channel
conductivity, and hence reducing the combined feedback
impedance for the TIA. Thus in this condition the total
feedback current through the MOS transistors, and typically
the overall feedback determining the overall gain of the TIA
will tend to become controlled by the conductivity of Mz,
1501 which has a nearly constant gate to source bias.

[0074] When there is a negative signal excursion at the
output 204 of the amplifier, then some signal current will
flow from the amplifier input node X 203 to the amplifier
output node Y 204 through the feedback resistance Rz 301
and through the channels of MOS transistors M5, 1501 and
Mgz, 1502, creating a potential difference between the
amplifier input node X 203 and the node formed by the
connection of the channels of the two MOS transistors W
1505 and similarly between node W 1505 and the amplifier
output node Y 204. Since the voltage at node W 1505 will
now be lower than the voltage at node X 203 the bias seen
from the gate 1507 to the source node 1505 (taking the
effective source as being the more negative end of the
channel) of MOS transistor My, 1501 will increase,
increasing the conductivity of its channel. The voltage at the
output of the amplifier designated node Y 204 will be even
more negative with respect the voltage at node W 1505, but
due to the coupling through capacitor Cg,, 1504 and the
isolation provided by Ry, 1503, the bias seen by MOS
transistor Mgz, 1502 from the gate 1506 to the source
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(taking the effective source as being the more negative end
of the channel) node 204 will remain at the nominal value of
V 6=V v Thus in this condition the total feedback current
through the MOS transistors, and typically the overall feed-
back determining the overall gain of the TIA will tend to
become controlled by the conductivity of Mz, 1502 which
has a nearly constant gate to source bias.

[0075] As will be apparent to one skilled in the art, the
combined resistance presented by the two MOS transistors
in series will reduce during both positive and negative signal
excursions present at the output of the amplifier at node Y
204. Thus the instantaneous gain of the TIA will vary, but in
a manner that is symmetrical within acceptable engineering
tolerances with respect the mean value of the received data
signal. Thus, the recovered eye pattern presented to the
succeeding decision functions in the signal chain will also be
maintained symmetrical within acceptable engineering tol-
erances.

[0076] FIG. 16 shows the arrangement presented in FIG.
15 with the effects of the parasitic capacitances associated
with the MOS transistors used for gain control. The impor-
tant feature here is that the gate to source capacitance 1601
of MOS transistor Mz, 1501 cannot pass signal through the
feedback path, but instead this capacitance appears con-
nected to the gain control bias source V5~ 305. This source
will normally be decoupled so that is appears as a ground for
AC signals. The gate to source capacitance 1602 of MOS
transistor M5, 1502 effectively appears in parallel with
Cgris 1504. Although connected to the output of the ampli-
fier at node Y 204, there is no significant capacitive path
through the series connection of the two MOS transistors
that can appear in parallel with the feedback resistance R,
301. Thus this arrangement of the MOS transistors Mz,
1501 and Mz, 1502 used to control the overall gain has a
much reduced impact on bandwidth and stability.

[0077] FIG. 17 shows the arrangement disclosed in FIG.
15 with the addition of resistor R, 1701, whose purpose is
make the voltage seen at node X 1702 more nearly constant
in the situation where the amplifier 201 has limited gain and
the input 203 of said amplifier cannot be maintained in the
condition of an ideal virtual earth. This does not materially
affect the behaviour of the bias conditions seen by the gain
control MOS transistors Mz, 1501 and M.z, 1502, and
hence the desired symmetry of gain variations is maintained.
[0078] Whilst inventions are described herein with refer-
ence to particular examples and possible embodiments
thereof, these should not be interpreted as restricting the
scope of the inventions in any way. It is to be made clear that
many other possible embodiments, modifications and
improvements may be incorporated into or with the inven-
tions without departing from the scope and spirit of any
particular invention as set out in the claims.

What is claimed is:

1. An assembly of electronic components for reception of
data using an optical fibre, wherein said assembly com-
prises:

a photodiode;

a first amplifier coupled to said photodiode;

at least one feedback resistor coupled between an output

and an input of said amplifier;

an arrangement of at least two MOS transistors, wherein

said at least two MOS transistors are of the same
channel polarity, and wherein said at least two MOS
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transistors are configured to be in parallel with said at
least one feedback resistor;

a system for sensing a received input signal level, wherein
said system is configured to apply a bias voltage to
gates of said at least two MOS transistors, said bias
voltage being varied by said system according to said
received input signal level in a manner to control a
resistance apparent through said arrangement of said at
least two MOS transistors;

at least one capacitor configured to couple signals from an
output of said amplifier to a gate of at least one of said
at least two MOS transistors; and

at least one bias resistor configured to couple said bias
voltage to a gate of at least one of said at least two MOS
transistors.

2. The assembly of electronic components as claimed in
claim 1, wherein said arrangement of said at least two MOS
transistors comprises said MOS transistors arranged so that
their channel terminals are in parallel.

3. The assembly of electronic components as claimed in
claim 2, wherein:

said at least one capacitor is coupled to said output of said
amplifier via a first electronic switch; and

said at least one capacitor is coupled to a ground reference
terminal via a second electronic switch, and

wherein a conducting condition of said first electronic
switch is opposite to the conducting condition of said
second electronic switch.

4. The assembly of electronic components as claimed in
claim 3, wherein said system for sensing said received input
signal level is further configured to provide control signals
to set said conducting state of said first and second electronic
switches.

5. The assembly of electronic components as claimed in
claim 1, wherein said arrangement of said at least two MOS
transistors comprises said MOS transistors configured so
that their channel terminals are in series.

6. The assembly of electronic components as claimed in
claim 5, wherein:

a gate of a first of said at least two MOS transistors is
coupled to receive said bias voltage from said sensing
system,

a first channel terminal of said first of said at least two
MOS transistors is coupled to an input of said ampli-
fier;

a second channel terminal of said first of said at least two
MOS transistors is coupled to a first channel terminal of
a second of said at least two MOS transistors; and

a second channel terminal of said second of said at least
two MOS transistors is coupled to said output of said
amplifier.

7. The assembly of electronic components as claimed in

claim 6, wherein:

said gate of said second of said at least two MOS
transistors is coupled to said gate of the said first MOS
transistor via said at least one bias resistor; and

a gate of said second of said at least two MOS transistors
is coupled to said output of said amplifier via said
capacitor.

8. The assembly of electronic components as claimed in

claim 1, wherein said same channel polarity comprises one
of: n-channel and p-channel.
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9. A method for providing an assembly of electronic
components for reception of data using an optical fibre,
wherein said method comprises:

providing a photodiode;

providing a first amplifier coupled to said photodiode;

providing at least one feedback resistor coupled between

an output and an input of said amplifier;
providing an arrangement of at least two MOS transistors,
wherein said at least two MOS transistors are of the
same channel polarity, and wherein said at least two
MOS transistors are configured to be in parallel with
said resistor;
providing a system for sensing a received input signal
level, wherein said system is configured to apply a bias
voltage to gates of said at least two MOS transistors,
said bias voltage being varied by said system according
to said received input signal level in a manner to control
a resistance apparent through an arrangement of said at
least two MOS transistors;
providing at least one capacitor configured to couple
signals from an output of said amplifier to a gate of at
least one of said at least two MOS transistors; and

providing at least one bias resistor configured to couple
said bias voltage to a gate of at least one of said at least
two MOS transistors.

10. The method as claimed in claim 9, wherein providing
said arrangement of said at least two MOS transistors
comprises providing said MOS transistors arranged so that
their channel terminals are in parallel.

11. The method as claimed in claim 10, wherein providing
said at least one capacitor comprises:

coupling said at least one capacitor to said output of said

amplifier via a first electronic switch; and

coupling said at least one capacitor to a ground reference

terminal via a second electronic switch, and

wherein a conducting condition of said first electronic

switch is opposite to the conducting condition of said
second electronic switch.

12. The method as claimed in claim 11, wherein providing
said system for sensing said received input signal level
further comprises providing control signals to set said con-
ducting state of said first and second electronic switches.

13. The method as claimed in claim 8, wherein providing
said arrangement of said at least two MOS transistors
comprises providing said MOS transistors arranged so that
their channel terminals are in series.

14. The method as claimed in claim 13 wherein providing
said arrangement of said at least two MOS transistors
comprises:

coupling a gate of a first of said at least two MOS

transistors to receive said bias voltage from said sens-
ing system;

coupling a first channel terminal of said first of said at

least two MOS transistors to an input of said amplifier;
coupling a second channel terminal of said first of said at
least two MOS transistors to a first channel terminal of
a second of said at least two MOS transistors; and
coupling a second channel terminal of said second of said
at least two MOS transistors to said output of said
amplifier.

15. The method as claimed in claim 14, wherein providing
said arrangement of said at least two MOS transistors
comprises:
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coupling said gate of said second of said at least two MOS
transistors to said gate of the said first MOS transistor
via said at least one bias resistor; and

coupling a gate of said second of said at least two MOS
transistors to said output of said amplifier via said
capacitor.

16. The method as claimed in claim 9, wherein said same

channel polarity is one of n-channel and p-channel.

#* #* #* #* #*
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