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Bit-Error Rate Analysis of
Integrated Optoelectronic Receiver

J.-S. Youn, M.-J. Lee, K.-Y. Park, and W.-Y. Choi

Department of Electrical and Electronic Engineering
Yonsei University
Seoul, Korea
wchoi@yonsei.ac.kr

Abstract—In this paper, we investigate a bit-error rate (BER) of
an optoelectronic integrated circuit (OEIC) receiver. For this
investigation, signal and noise characteristics of a Si avalanche
photodetector and a high-speed electronic circuit are analyzed.
Using the fabricated OEIC receiver, 12.5-Gb/s 2%!-1 pseudo-
random binary sequence optical signal is successfully detected
with BER less than 10™*? at incident optical power of -7 dBm.

Keywords- Bit-error rate, optoelectronic integrated circuit, Si
avalanche photodetector.

1. INTRODUCTION

Recently, there is a growing interest in optical interconnects
for short-reach data links such as board-to-board, chip-to-chip,
and intra-chip applications. With optical interconnects, the
interconnect bottleneck of many high-speed electronic systems
can be overcome. Moreover, optical interconnects can provide
advantages of less EMI and smaller power consumption than
copper-based electrical interconnects [1].

One challenge short-distance optical interconnects face is
that they have to be realized in a much more cost-effective
manner than solutions used for long-haul optical
communications [2]. One attractive approach is realizing
interconnect systems based on 850-nm vertical-cavity surface-
emitting lasers and multimode fibers. This type of interconnect
systems also allow the use of the Si optoelectronic integrated
circuit (OEIC) receiver that monolithically includes 850-nm Si
photodetector (PD) and receiver circuits. This type of OEIC
receiver has advantages of low fabrication cost and high
volume manufacturability and can provide higher performance
by eliminating pad capacitance and bonding wire inductance
that are unavoidable if the PD and receiver circuits are realized
in separate platforms [3].

However, Si PDs have inherent drawback of the low
detection efficiency due to narrow PN junctions in Si
technology and large absorption length at 850 nm. Furthermore,
the bandwidth can be limited by the slow diffusion current
from a large charge neutral region. In order to overcome these
problems, special Si technologies have been used such as a Si-
on-insulator substrate [4] and a low-doped epitaxial layer [5].
However, these approaches can increase fabrication cost, and
consequently, there are still requirements of high-performance
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Fig. 1. (a) Block diagram and (b) chip photograph of the fabricated OEIC
receiver.

PDs realization using standard Si technology without any
process modification.

We have previously reported Si avalanche photodetectors
(Si APDs) based on P'/N-well junction realized with standard
CMOS technology [6]. In this paper, we report an OEIC
receiver realized with standard SiGe BiCMOS technology. The
OEIC receiver is composed of a Si APD with a dummy PD, a
shunt-feedback transimpedance amplifier (TIA) with DC-
balanced buffer, a variable equalizer, a limiting amplifier, and
an output buffer. Fig. 1 shows the simplified block diagram and
chip photograph of the fabricated OEIC receiver. Further
details on the Si APD and OEIC receiver can be found in [7].
In addition, we investigate a bit-error rate (BER) performance
of our OEIC receiver with signal-to-noise ratio (SNR) analysis.

II.  SIGNAL-TO NOISE RATIO (SNR) ANALYSIS

We analyze SNR of the fabricated OEIC receiver for the
goal of optimizing system performance. A SNR at TIA input
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Fig. 2. (a) Signal current and (b) Noise current of the APD as a function of
reverse bias voltage (V). The incident optical power is from -10 dBm to 0
dBm.

node can represent overall receiver performance, and it can be
shown as Eq. (1)

IS,APD,pp(VR) Q)

total - -
\/I n,APD,rms (VR) + I n,circuit,rms

In the above equation, Isapp represents the peak-to-peak output
signal currents of APD, and I app and lygireit T€present rms
noise currents of APD and electronic circuits, respectively.
Especially, Isapp and Iy app are dependent on the reverse bias
voltage (Vy) of APD, and consequently, Vy needs to be
carefully determined to achieve the optimum SNR.

SNR =«

A. APD Signal and Noise Current

Fig. 2 shows the measured signal and noise currents of
APD at different Vi. These are measured a spectrum analyzer
with Vi from 10.0 V to 12.5 V. The incident optical power
(Popt) 1s varied from -10 dBm to 0 dBm in increasing steps of 2
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Fig. 3. The simulated and measured input-referred noise currents of the
electronic circuits.

dBm. For signal measurement, a 1-GHz sinusoidal signal is
modulated by an optical source, and the modulated signal is
detected by APD. For noise measurement, a low-noise
amplifier (LNA) is used at the output of the APD to overcome
the limit of equipment noise floor. The measurement results are
calibrated to exclude the effects of electrical cable and LNA,
and converted to peak-to-peak signal current and rms noise
current, respectively. With increasing Vg, the signal current
increases because of avalanche multiplication. It is maximized
at Vi of about 12.4 V. In addition, the measured noise current
also increases due to increased avalanche noise.

B. Electronic Circuit Noise Current

Fig. 3 shows the simulated and measured input-referred
noise current of the electronic circuits. The output noise is
measured using a spectrum analyzer with 50-Q load. From the
measurement results, rms input-referred noise current can be
calculated from the average noise current using following Eq.

Q).

I BW,. @

n,circuit,avg n

n,circuit,rms =1
where BW,, is the noise bandwidth. Our electronic circuit has
low input-referred noise current of about 0.83 pA .

C. SNR of OEIC Receiver.

From the measured signal and noise currents of APD and
electronic circuits, SNR can be calculated by using Eq. (1). The
black curves in Fig. 4 show the calculated SNR of APD at the
Pope of -8 dBm and -10 dBm, respectively. It can be observed
that the optimum Vy to achieve the best SNR is about 11.85 V
which is different to the bias condition for the maximum signal
swing of 12.4 V. For Vg below 11.85 V, the SNR is degraded
because the signal current cannot have sufficient avalanche
gain in spite of the small thermal noise. For Vi above 11.85 V,
the signal current is sharply enhance, however, the SNR is also
degraded due to the increased shot noise. The red curves in the
Fig. 4 shows the calculated SNR of APD with the electronic
circuit noise. The SNR is considerably degraded by the circuit
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Fig. 4. The calculated signal-to-noise ratio of the fabricated OEIC receiver at
incident optical power (P, of (a) -8 dBm and (b) -10 dBm, respectively.

noise, and it can be observed that the optimum Vy for the best
SNR shifts to about 12.0 V due to the electronic circuit noise.

III. BIT-ERROR RATE (BER) ANALYSIS

To verify SNR analysis, we measure BER performance by
varying Vg as shown in Fig. 5. For these measurements, 6-Gb/s
optical signal is detected by our OEIC receiver at P,y of -8
dBm and -10 dBm. Fig. 5 also shows the estimated BER
performance which is calculated from SNR with Eq. (3)

1 SNR
BER = —-erfc| =—=1|.
2 (2&)

For data matching between the measured and estimated BER,
we use a fitting parameter of about 0.88 which is derived using
sum squared error function. It means that the measured signals
have penalties of about 12 %. As shown in Fig. 5, the best BER
can be achieved at Vi of about 12.0 V, and consequently, these

results indicate that our SNR analysis provides good estimation.
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Fig. 5. The measured (solid line with circle) and estimated (short dash line)
bit-error rate (BER) as a function of the reverse bias voltage (V) at different
incident optical power (P,y) of -8 dBm and -10 dBm, respectively.

IV. CONCLUSION

We investigate a BER of the fabricated OEIC receiver with
SNR analysis. With this analysis, we can evaluate the OEIC
receiver performance, and the optimum APD bias for the best
BER performance can be verified.
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