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Abstract: Quasi-coherent optical receivers have recently emerged targeting access networks, offering
improved sensitivity and reach over direct-detection schemes at the expense of a higher receiver
bandwidth. Higher levels of system integration together with sufficiently wideband front-end blocks,
and in particular high-speed linear transimpedance amplifiers (TIAs), are currently demanded to
reduce cost and scale up receiver data rates. In this article, we report on the design and testing of a
linear TIA enabling high-speed quasi-coherent receivers. A shunt-feedback loaded common-base
topology is adopted, with gain control provided by a subsequent Gilbert cell stage. The circuit
was fabricated in a commercial 130 nm SiGe BiCMOS technology and has a bandpass characteristic
with a 3 dB bandwidth in the range of 5–50 GHz. A differential transimpedance gain of 68 dBΩ
was measured, with 896 mVpp of maximum differential output swing at the 1 dB compression
point. System experiments in a quasi-coherent receiver demonstrate an optical receiver sensitivity of
−30.5 dBm (BER = 1 × 10−3) at 10 Gbps, and −26 dBm (BER = 1 × 10−3) at 25 Gbps. The proposed
TIA represents an enabling component towards highly integrated quasi-coherent receivers.

Keywords: transimpedance amplifier; optical receivers; high-speed circuit design; SiGe BiCMOS

1. Introduction

Driven by new applications such as Internet-of-Things (IoT), video-on-demand, and
cloud services, data traffic on the Internet continues to experience an exponential growth,
with forecasts showing a continuing trend in upcoming years [1]. While datacenter net-
works are being progressively updated with more capable receivers and moving towards
advanced modulation formats, higher demands are also being placed in the access network
segment. New standards under development, including 5G, Ethernet, and NG-PON2,
are seeking to maximize the yield from the deployed access infrastructures, for which
an increase in data rates, reach, and number of users to be served per fiber is required.
Receiver complexity and cost, however, must adapt to the price-sensitive nature of access
networks, which prevents direct application of current datacenter solutions.

To tackle this challenge, low-cost receiver architectures that can offer increased per-
formance are being explored. Among them, direct-detection receivers based on avalanche
photodetectors (APDs) [2] as well as pre-amplified PIN receivers [3] have been proposed for
25 Gbps C-band links. Fiber dispersion compensation at the receiver end, however, remains
a challenge, limiting the reach to about 10–15 km. While other alternatives such as Kramers–
Kronig [4] or full coherent receivers allow for a longer reach, receiver cost and complexity
have prevented their adoption in access networks up to this date. Coherent receivers
featuring lower complexity have also been proposed for PON applications [5,6]. In [7], a
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simplified coherent receiver is reported achieving −37.6 dBm sensitivity (BER = 1 × 10−3)
at 10 Gbps. A similar approach is followed in [2], reaching −35 dBm sensitivity at 25 Gbps.
In both cases, however, the receiver complexity is still relatively high, requiring 3× 3 optical
couplers and three photodiodes, and resorting to offline digital signal processing (DSP).

Recently, quasi-coherent receivers have gained increased attention, offering an attrac-
tive balance between performance, cost, and receiver complexity [8]. In a quasi-coherent
scheme, a local oscillator (LO) laser is used to boost receiver sensitivity, with the additional
advantage of filterless wavelength division multiplexing (WDM) operation by tuning of
the LO wavelength. Compensation for fiber chromatic dispersion at the receiver is also a
possibility, since phase information is preserved.

A block diagram representation of a quasi-coherent receiver with polarization diversity
is shown in Figure 1. The received optical signal is combined with an LO laser using
an optical coupler. A polarizing beam splitter (PBS) divides the signal into orthogonal
polarization components to be processed by independent receiver branches. Mixing of the
received signal and LO is achieved in the photodetectors, with the resulting photocurrent
expressed as [9]:

Ip(t) = RPs(t) + RPLO + 2R
√

PLOPs(t)cos(ωIFt + φIF) (1)

DATA 
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Figure 1. Block diagram of a quasi-coherent receiver architecture with polarization diversity.

The direct-detection term RPs(t) and a DC component RPLO appear in the photocur-
rent expression, where R represents the photodetector responsivity, Ps(t) is the power
of the received signal, and PLO the LO power. These two terms are not required for the
receiver operation and can thus be filtered out. The third term represents a bandpass inter-
mediate frequency (IF) component, being the one processed in a quasi-coherent receiver. It
contains the amplitude information of the received signal boosted by the LO laser, as well
as phase information contained in ωIF = ωs −ωLO and φIF = φs − φLO (with ωs,ωLO and
φs, φLO representing, respectively, wavelength and phase for received signal and LO). For
intensity-modulated transmissions, the IF takes the form of an amplitude modulated (AM)
signal with carrier frequency at ωIF and two sidebands containing the transmitted data. A
sufficiently wideband linear TIA is thus required to amplify this signal, which can then
be demodulated by a high-speed envelope detector, avoiding in this way expensive and
power-hungry digital signal processing (DSP) blocks. A clock and data recovery (CDR)
circuit at the end of the receiver combines the detected signals for both polarizations.

In [10], a quasi-coherent receiver was proposed achieving a sensitivity of −35.2 dBm
(BER = 1 × 10−3) at a 10 Gbps data rate. Polarization diversity and transmission with
a standard single-mode fiber (SSMF) up to 40 km were demonstrated with negligible
penalties. More recently, transmission up to 40 km was reported at 25 Gbps, with a back-
to-back receiver sensitivity of −20 dBm (BER = 5 × 10−5) and a 6.3 dB penalty for 40 km
SSMF transmission [11]. In all cases, however, system demonstrations relied on costly
wideband packaged photodetectors, preventing a more practical and cost-contained system
implementation. In this article, we report the design and testing of a high-speed linear
TIA enabling highly integrated quasi-coherent receivers at 10 and 25 Gbps data rates. The
TIA shares the same 130 nm SiGe BiCMOS platform as that of an already existing high-
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speed envelope detector block, aiming towards future integration of both functionalities
into a single chip. A maximum differential transimpedance of 68 dBΩ was measured,
with a 3 dB response in the range of 5 to 50 GHz, and a maximum differential output
swing of 896 mVpp at the 1 dB compression point. We moreover report, for the first time,
a quasi-coherent receiver based on a discrete vertical PIN photodiode (PD). A receiver
sensitivity of −30.5 dBm and −26 dBm (BER = 1 × 10−3) is demonstrated at 10 and at
25 Gbps, respectively.

The following sections review the circuit design aspects, chip measurements, and the per-
formed system experiments evaluating the TIA performance within a quasi-coherent receiver.

2. TIA Design

Figure 2 shows a block diagram of the proposed TIA. It consists of an input high-pass
filter (HPF) followed by a TIA stage, which also performs single-ended to differential
conversion. A differential post-amplifier is included to provide additional gain, featuring a
variable gain amplifier (VGA), a constant gain amplifier (CGA), and an output buffer. The
different blocks are described in the following sections.

SE/DIFF TIA

Iin

VGA

+

−
CGA OUT BUFF

HPF

CC

+

POST-AMPLIFIER

Figure 2. Functional block diagram of the proposed TIA.

2.1. Input HPF

An HPF before the TIA serves a dual purpose. First, it sinks the DC component term
in (1), which can be large due to the powerful LO laser. Additionally, it can filter out
the direct-detection term, which would otherwise be present, creating distortion in the
IF signal at large received powers and limiting the receiver dynamic range. A trade-off
exists for the cut-off frequency of this filter. Although a high enough cut-off is desired in
order to filter out the direct-detection term, this would consume a significant fraction of
the available PD-TIA bandwidth for high bitrate signals. The cut-off can then be chosen
at a compromised value where sufficient filtering of the direct-detection term is achieved
while keeping the maximum possible available bandwidth. A second order LC filter with
5 GHz cut-off frequency was implemented, whereas additional filtering is performed in
the ED block depending on the target bitrate.

In order to achieve this relatively low cut-off frequency, spiral inductors having a
large inductance value are required, which in turn leads to large physical size and low self-
resonance frequency (SRF). To provide a compact layout and extend the SRF, the inductors
for the HPF were implemented as series inductors with opposite winding. Figure 3a shows
a representation of such a dual-spiral inductor together with a typical single-spiral inductor
design, both at the same scale. To compare the two approaches, an electromagnetic (EM)
simulation for both designs was performed. The inductors are designed to have the same
inductance value while keeping the same design parameters in both cases, that is, the same
metal layer configuration, trace width, trace spacing, distance to the ground plane ring,
and ground ring width. The plot in Figure 3b shows that a higher SRF can be achieved
with the dual-spiral configuration for a given inductance value, while featuring a more
compact layout.
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Dual-spiral inductor Regular single-spiral 

inductor

GND plane ring

IN IN
OUT

OUT
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Figure 3. Compact inductor design used in the input LC high-pass filter: (a) Comparison of dual-
spiral inductor design, where two inductors with opposite winding directions are connected in series,
with a regular single spiral inductor; (b) inductance as a function of frequency for the dual and
single-spiral inductors obtained by electromagnetic simulation, where the self-resonance frequencies
for each design are observed.

2.2. TIA Stage

Figure 4 shows a schematic of the TIA. A first common-base stage buffers the incoming
photocurrent, with biasing provided by resistor RC−CB at the collector node and a current
mirror at the emitter. To limit power consumption and allow the largest possible bandwidth,
the minimum transistor size was selected that could provide the required low TIA input
impedance (below 50 Ω) under maximum ft biasing conditions. Double finger devices
(with an emitter area of 0.12 × 0.48 µm2 per finger) were selected for this stage (transistors
Q1–Q2) with a biasing current of around 1.4 mA per finger. The common-base is loaded by a
shunt–feedback (SFB) transimpedance stage, implemented as a differential pair using single
finger devices (transistors Q3–Q4), with feedback resistors R f and emitter degeneration
and peaking provided by RE and CE. The SFB stage performs single-ended to differential
conversion by AC grounding of one of its inputs through capacitor CC. The dummy
common-base is maintained at the grounded input to provide a matched DC level, while
keeping layout symmetry and suppressing additional substrate and supply noise. The
values for the main circuit components are provided in the accompanying table in Figure 4.

VCC

RC-CB

RC-CE

VBB-CB

Rf

VBB-cm

RE

RC-CB

RC-CE

VBB-CB

Rf

RECE

CC
iin

CC CC

TO EFs

+ −

Q1 Q2

Q3 Q4

Component 
values 

RC-CB 498 Ω 

Rf 693 Ω 

RC-CE 792 Ω 

RE 22 Ω 

CE 182 fF 

 

Figure 4. Schematic of the TIA stage implementation.

The common-base stage provides a low input impedance, which is determined by
transistor sizing and current, and thus is not dependent on the feedback resistor R f . This
helps with speeding up the input node of the TIA in the presence of a relatively large
photodetector capacitance. The gain-bandwidth trade-off affecting the SFB topology is now
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effectively decoupled from the photodetector, and limited now by circuit and technology
constraints. As a known drawback, this topology usually features higher noise and power
consumption compared to a classical SFB TIA [12]. Although further noise optimization
of this stage is possible [13], this was not prioritized in this design. Additional LO laser
power can be used instead to push the receiver sensitivity towards the shot-noise limit.

2.3. Post-Amplifier

A post-amplifier is used to provide additional voltage gain after the TIA stage. First,
the inter-stage buffer circuit shown in Figure 5 is used to sense the TIA output voltage
and drive the following VGA block. The buffer consists of DC coupled cascaded emitter
followers, simultaneously realizing high input impedance and low output impedance,
both desirable properties for voltage buffering. The first pair (Q1–Q2) makes use of single
finger devices to lower the capacitive loading to the preceding stage, while being able to
drive the larger capacitance of the subsequent pair (Q3–Q4) implemented with three finger
devices, having a higher driving capability towards the following stages. Current sources
at the emitter nodes are realized with a cascoded current mirror at the first EF pair (same
sizing as Q1–Q2), while a regular current mirror is used in the second pair (same sizing as
Q3–Q4). Additional voltage is dropped by a diode at the collector node of the second pair
for proper headroom allocation. All transistors are biased at 1.4 mA per finger. The circuit
is subsequently used between the VGA and CGA stages in the post-amplifier. Additionally,
it is also used as an output buffer, since it features the optimal driving characteristics
towards the envelope detector following the TIA.

CC

VCC

TO 

VGA
VBB-cm1

VBB-cm2
VBB-cm3

vip vin

VBB-cm1

VBB-cm2

Q1 Q2

Q3 Q4

Figure 5. Schematic of the cascaded emitter followers used as an inter-stage buffer. The same stage is
also used as an output buffer for the complete circuit.

Figure 6 shows the schematic circuit for the VGA and CGA stages. The VGA, rep-
resented in Figure 6a, is implemented as a Gilbert cell, where the offset voltage for the
center transistor pair in the switching quad (transistors Q5–Q6) is used to control the gain.
Emitter degeneration in the bottom transistor pair (Q1–Q2) is used to linearize the response
while providing increased input impedance. Values for the collector resistor RC and emitter
resistor RE are 174 Ω and 35 Ω, respectively. The tail current source for the bottom pair
is implemented with a current mirror providing bias current of 1.4 mA per finger to the
active devices (Q1–Q4 when Q5–Q6 are switched off), with all transistors in the stage being
two finger devices. The CGA, shown in Figure 6b, follows the same topology, where the
center transistor pair from the switching quad is simply removed, leaving out a standard
cascode amplifier. Due to both stages featuring a high output impedance, and together
with the high input impedance of the inter-stage EF buffers, the top collector for both stages
remains a high impedance node. The relatively small parasitic capacitance contributions
from the different components, as well as the associated layout interconnects, can thus
impose significant bandwidth limitations at this node. To compensate for this effect, shunt
inductive peaking is used at the top collector nodes in both stages, provided by inductor
LC with an inductance value of 0.22 nH obtained from EM simulation. This helps with
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speeding up the critical nodes, effectively overcoming the bandwidth limitations. As can
be observed in the different subcircuit schematics, AC coupling is used at different nodes
throughout the circuit. The use of AC coupling, enabled by the bandpass characteristic
of the TIA, is preferred since it can provide additional voltage headroom clearance while
avoiding the need for DC offset cancellation circuitry.

RE

CC

VBB

VCC

+ −
TO EFs

CC

RE

RC

Lpeak Lpeak

RC

VBB

RE

CC

VBB

VGC

VCC

+ −
TO EFs

CC

RE

RC

Lpeak Lpeak

RC

VBB

(a) (b)

Q1 Q2 Q1' Q2'

Q3 Q4

Q5 Q6

Q3' Q4'

Figure 6. Schematic representation for: (a) Gilbert-cell-based VGA with emitter degeneration and
shunt inductive peaking; (b) CGA formed by a cascode gain stage with emitter degeneration and
shunt inductive peaking.

3. Measurement Results and Discussion

This section presents the measurement results for the fabricated TIA chip. In the first
subsection, RF probing measurements are provided and discussed. The following subsec-
tion reports system experiments conducted around a quasi-coherent receiver featuring the
proposed TIA.

3.1. On-Wafer Characterization

First, small signal performance of the chip was evaluated by on-wafer measurements
using a 2-port vector network analyzer (VNA). All measurements were performed with
a supply voltage of 3.3 V, with the circuit drawing around 69 mA for a total DC power
consumption of around 228 mW. The output power from the VNA was set to −40 dBm
to ensure linear operation at maximum gain. Figure 7a shows the measured forward
S-parameters for each of the differential TIA outputs (S21 and S31). In each case, the unused
TIA output is DC blocked and terminated in a 50 Ω load. The differential transimpedance
response was obtained from the measured S-parameters, and is plotted in the figure
together with the simulated response. For the simulated transimpedance, RC parasitic
extraction of the amplifier core was combined with electromagnetic simulation of input and
output structures and peaking inductors. Excellent agreement between measurement and
simulation is observed. Lower and higher 3 dB cut-off frequencies (measured relative to
the maximum transimpedance value of 68 dBΩ) of 5 and 50 GHz, respectively, are obtained
using a moving average (1 GHz wide) on the measured data. This was done in order to
better illustrate the amplifier response towards the higher frequency end, where setup
limitations lead to excess noise in the measurements. Figure 7b shows the behavior of the
gain control functionality in the S-parameter response for one of the TIA outputs, where
the possibility for gain reduction down to around 0 dB is demonstrated.
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Measured
Measured (mov. avg.)

Simulated
S21 Measured
S31 Measured

APPLIED GAIN CONTROL

(a) (b)

Figure 7. Small signal TIA measurements: (a) measured S-parameters (where S21 and S31 correspond
to the forward transmission coefficients from the input port to each of the differential TIA outputs,
cf. Figure 2) and transimpedance response calculated from measurements, compared to simula-
tion results; (b) effect of the gain control functionality on the S-parameter response for one of the
TIA outputs.

Figure 8a shows the simulated and measured group delay response. A moving average
(2 GHz wide) was applied to the measurements to better illustrate the trend. The measured
group delay variation closely follows the trend of the simulated response up to 35 GHz.
Above this value, larger deviations are observed from the simulations. Figure 8b shows the
amplitude and phase imbalance between the two TIA outputs. Good agreement is obtained
for the phase imbalance up to 35 GHz. Above this frequency, the measured response also
deviates from the simulation. This deviation from the simulated response in the phase
measurements was mainly attributed to the limited accuracy of the setup, where excessive
noise due the low input power used in the measurements can compromise the highly
sensitive phase response. The amplitude imbalance remains within ±1 dB up to 45 GHz. A
0.5 dB difference between the two outputs is observed already at low frequencies, which
falls within the repeatability of the measurements, since the two outputs must be measured
independently using a 2-port VNA.

(a) (b)

Simulation (Port 2)

Simulation (Port 3)

Measurement (Port 2)

Measurement (Port 3)

Simulation 

Measurement

Simulation 

Measurement

Figure 8. Small signal TIA measurements: (a) simulated and measured group delay response for
each of the differential TIA outputs (ports 2 and 3); (b) amplitude and phase imbalance (deviation
from out-of-phase condition) between the two TIA outputs.

To evaluate the large signal performance, the 1 dB compression of the circuit was
measured at 15 and 20 GHz. The probed circuit was fed from a signal generator, while the
output power was monitored in a spectrum analyzer. Losses from cables and probes in
the setup were calibrated out by probing of a thru standard from a calibration substrate.
Figure 9 shows the resulting curves, where linear fits are provided for reference, together
with markers identifying the 1 dB compression points. For both frequencies, the 1 dB
compression is found at an input power of −30 dBm, with a corresponding output power
around−3 dBm. In the figure, the simulated response is also provided. Slightly higher gain
values are obtained in this case, since the circuit model for large signal simulation includes
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only parasitic capacitance extraction. The compression point, however, occurs at a similar
output power. From the measured response, a differential output swing of 896 mVpp is
obtained at 1 dB compression. This large output swing is facilitated by the use of emitter
followers as output buffers, where the output swing is determined by device linearity and
not constrained by power consumption, as would be the case for a 50 Ω matched common
emitter stage.

SIMUL. 15 GHZ – LINEAR F IT
SIMUL. 15 GHZ
SIMUL. 20 GHZ – LINEAR F IT
SIMUL. 20 GHZ

MEAS. 15 GHZ – LINEAR F IT 
MEAS. 15 GHZ
MEAS. 20 GHZ – LINEAR F IT 
MEAS. 20 GHZ

Figure 9. Measured and simulated 1 dB compression point at 15 and 20 GHz. Linear fits are provided
together with markers identifying the 1 dB compression. The magnified view on the right side
provides a detailed view around the 1 dB compression points.

3.2. System Experiments

The performance of the proposed TIA was also verified within a quasi-coherent
receiver setup. In order to simplify testings, a single-polarization receiver was implemented
as shown in Figure 10. An externally modulated laser (EML) is used as a transmitter,
followed by a variable optical attenuator (VOA) that controls the optical power entering
the receiver (Pin). The received signal is combined with a local oscillator laser by means
of an optical coupler. After the coupler, a polarization beam splitter (PBS) separates
the combined signal into orthogonal polarizations. The LO is an external cavity laser
(ECL) with a linewidth of 100 kHz and an emitted power of 14 dBm (PLO). By means of
polarization controllers, the LO polarization is aligned to obtain 50% of the power at each
output of the PBS, while the signal polarization is fully aligned to the PBS output being
measured. This allows for more accurately relating the obtained system performance to
that of a complete receiver implementing polarization diversity, since half of the available
LO power is in this case left out, which would be required for the second polarization.
The combined LO and signal from the PBS output in use are then focused into a lensed
PIN photodiode using a focusing lens. The photodiode has a specified responsivity of
0.8 A/W at 1310 nm (expected to be reduced at 1550 nm) and an opto-electrical (O/E)
bandwidth of 37 GHz. The resulting photocurrent is then amplified with the designed TIA
and downconverted to baseband with a high-speed envelope detector (ED). Finally, the
recovered baseband signal is amplified with a commercial limiting amplifier and processed
in a bit-error-rate testset (BERT). The complete chip sub-assembly including PD, TIA, and
ED is mounted on an evaluation board as shown in Figure 11, where the individual dies are
interconnected by wirebonding. A magnified view of the die sub-assembly is provided in
the figure, where the different blocks are identified. The designed TIA chip has dimensions
of 0.72 mm × 1.1 mm for a total area of around 0.79 mm2.
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Lensed PIN 

photodiode

Proposed 

TIA chip

High-Speed 

Env. Det.

Evaluation board

CDR

50 Ω

BERT

PCB Cavity

LO laser

Polarizing

beam splitter

EML 

Transmitter
VOA

Optical 

Coupler

x

x

Polarization 

Controllers

Focusing lens Wirebond interconnects (chip-to-chip / chip-to-PCB)

Figure 10. Single-polarization receiver setup used to evaluate the TIA performance.

PD

TIA

ED

Figure 11. Evaluation board hosting the electrical receiver front-end (left) with magnified view of the
die sub-mount consisting of a lensed PIN photodetector, the fabricated TIA chip, and a high-speed
envelope detector. Both TIA and ED chips have been fabricated in the same technology.

First, measurements to estimate the opto-electrical 3 dB bandwidth of the complete
receiver were carried out. Since an envelope detector is present in the receiver, the test is
performed by transmitting a narrowband signal consisting of 3 Gbps non-return-to-zero
(NRZ) data (minimum bitrate accepted by the EML transmitter). The LO wavelength
is then swept, shifting the IF center frequency accordingly, and the output signal from
the detector is monitored in a sampling oscilloscope. The curve in Figure 12 shows the
detected power as a function of IF center frequency, with a 3 dB response in the range
of 16 to 37 GHz. In the figure, the simulated response is also provided. An inset shows
the simulation setup, for which the measured TIA response has been used together with
a post-layout simulation of the envelope detector. The simulated response includes a
photodetector model with associated parasitics, as well as wirebond interconnects modeled
as pure inductances. The values for the parasitic capacitance C and series resistance R
represent averaged values taken from measured data provided by the manufacturer for
the particular chip lot used in the system setup. The wirebond inductance was adjusted
in simulation since its actual value cannot be accurately estimated. Using a wirebond
inductance of 0.1 nH, good agreement is obtained between measurement and simulation,
with a response affected by the bandwidth limiting parasitics from both the photodetector
and the chip-to-chip interconnects (pad capacitances and wirebond inductances). An
additional HPF with 12 GHz cut-off is implemented in the envelope detector for optimal
performance at 25 Gbps bitrates, which shifts the overall lower cut-off to higher frequencies.
Further integration of TIA and envelope detector into a single chip is expected to provide
improved performance.
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ED

50 Ω PD

35 Ω 

67 fF

0.1 nH

TIA

0.1 nH

0.1 nH

0.5 nH

MEASURED

SIMULATED

Figure 12. Measured and simulated opto-electrical bandwidth of the receiver using a 3 Gbps NRZ
data transmission with swept IF center frequency. The inset shows a schematic representation of the
simulation setup.

Measurements for the optical receiver sensitivity are reported in Figure 13, with
marked lines representing the NG-PON2 forward error correction (FEC) limit (BER = 1× 10−3)
and the Ethernet FEC limit (BER = 5 × 10−5). The measurements were performed at 10 and
25 Gbps data rates. For the 10 Gbps case, an EML transmitter was used having an extinction
ratio (ER) of 15.28 dB, emitted power of 0.44 dBm, and center wavelength at 1548.75 nm.
In turn, the 25 Gbps signal was generated with an EML having an ER of 9.3 dB, emitted
power of 2.9 dBm and center wavelength at 1561.48 nm. A sensitivity of −30.5 dBm for
the NG-PON2 FEC limit and −28.5 dBm for the Ethernet FEC limit is obtained at 10 Gbps.
The 25 Gbps BER curve shows an error floor around 1 × 10−7, which was attributed to
insufficient O/E bandwidth in the receiver. Nevertheless, the receiver can still perform
below the FEC limits, achieving −26 and −23 dBm sensitivity for NG-PON2 and Ethernet
FEC limits, respectively, thereby improving by 3 dB the results obtained in [11] at 25 Gbps
back-to-back.
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Figure 13. Measured BER as a function or received optical power (Pin) at 10 and 25 Gbps data rates.
Line markers indicate the NG-PON2 and Ethernet FEC limits at BER = 1 × 10−3 and BER = 5 × 10−5,
respectively.
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To conclude, Table 1 summarizes the main parameters obtained from the TIA charac-
terization against the relevant state-of-the-art. The reported TIA shows an overall good
performance, enabling a high receiver sensitivity in a quasi-coherent receiver setup.

Table 1. Comparison of the proposed TIA against the state-of-the-art.

Ref. Technology
[ft (GHz)]

TIA
Topology

BW
(GHz)

ZT
(dBΩ)

Output
Swing
(mVpp)

PDC
(mW) RX Sensitivity

[14] 250 nm SiGe
BiCMOS [180] SFB 31 65 500 275 −14 dBm (20 Gbps);

−10 dBm (40 Gbps) 2

[15] 250 nm SiGe
BiCMOS [N/A] SFB 49 49 N/A 73 <−7 dBm (40 Gbps);

<−3 dBm (54 Gbps) 2

[16] 250 nm SiGe
BiCMOS [N/A] SFB 46 1 61 1 N/A 100 <−16 dBm (25 Gbps) 2

[17]
130 nm SiGe

BiCMOS
[250/300]

SFB 42/66 68.5/65 800
(@THD < 5%) 150 N/A

[18] 130 nm SiGe
BiCMOS [300] SFB 65 71

800
(@THD =

1.5%)
345 N/A

This
work

130 nm SiGe
BiCMOS [250] CB-SFB 5–50 68 896

(@1dB compr.) 228 −30.5 dBm (10 Gbps);
−26 dBm (25 Gbps) 3

1 Simulated. 2 Sensitivity at BER = 1 × 10−3. Monolothically integrated direct-detection receiver. 3 Sensitivity at BER = 1 × 10−3.
Measured in quasi-coherent receiver (cf. Figure 10).

4. Conclusions

The design and testing of a high-speed linear TIA targeting quasi-coherent receivers
have been presented and discussed in detail. Circuit measurements have shown a 3 dB
response in the range of 5 to 50 GHz, with a differential transimpedance of 68 dBΩ
and a maximum differential output swing of 896 mVpp at 1 dB compression. A quasi-
coherent receiver based on a discrete vertical PIN photodiode and featuring the designed
TIA has been introduced, achieving a receiver sensitivity of −30.5 dBm and −26 dBm
(BER = 1 × 10−3) at 10 and at 25 Gbps, respectively. The proposed TIA has thus proven an
enabling block towards highly integrated quasi-coherent receivers operating at high speeds.
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