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Abstract: This paper presents a realization of a silicon-based standard CMOS, fully differential optoelectronic inte-
grated receiver based on a metal–semiconductor–metal light detector (MSM photodetector). In the optical receiver,
two MSM photodetectors are integrated to convert the incident light signal into a pair of fully differential photo-
generated currents. The optoelectronic integrated receiver was designed and implemented in a chartered 0.35 µm,
3.3 V standard CMOS process. For 850 nm wavelength, it achieves a 1 GHz 3 dB bandwidth due to the MSM pho-
todetector’s low capacitance and high intrinsic bandwidth. In addition, it has a transimpedance gain of 98.75 dBΩ,
and an equivalent input integrated referred noise current of 283 nA from 1 Hz up to –3 dB frequency.
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1. Introduction

In high-speed fiber communication systems, monolithic
optoelectronic integrated receivers and their implementation
in standard CMOS processes have been mainstream re-
search focuses. Though much progress has been made in re-
cent years[1−4], completely applicable, silicon-based standard
CMOS optoelectronic integrated receivers have not been re-
ported yet because of the low responsivity and inadequate
bandwidth of standard CMOS photodetectors.

It is well known that a Schottky diode has a much bet-
ter high-frequency characteristic than a p–n junction diode be-
cause it is a majority-carrier only device, and an MSM pho-
todetector based on the Schottky diode has fundamental ad-
vantages of a much lower capacitance per unit area to allow
a large collection area without significant speed degradation,
planarity, and simplicity of fabrication compared with a p–n
junction photodetector[5−7]. Hence, MSM photodetectors may
be more appropriate for high-speed optical receivers.

In this paper, we propose a fully differential optical re-
ceiver with an integrated MSM photodetector. A correspond-
ing monolithic, fully differential optoelectronic integrated re-
ceiver is designed and implemented in a chartered 0.35 µm,
3.3 V standard CMOS process.

2. Concept of a fully differential optical receiver
with integrated MSM photodetector

Figure 1 shows a block diagram of the proposed fully dif-
ferential optical receiver with integrated MSM photodetector
(MSM PD), where TIA is a differential transimpedance am-

plifier, LMA is a differential limiting amplifier, and DFSO is
a differential to single-ended output buffer. In the optical re-
ceiver, two identical MSM photodetectors are utilized to gen-
erate a pair of fully differential photo currents for TIA under
incident light illumination, which are connected between VDD
and one input port of TIA and between GND and the other in-
put port of TIA, respectively. Because an MSM photodetector
has a higher intrinsic bandwidth and a much smaller capaci-
tance (usually in the magnitude of several tens of fF) than that
of a p–n junction photodetector (usually in the magnitude of
pF)[7, 8] with an identical area, an optical receiver based on an
MSM photodetector can reach a high bandwidth.

3. Monolithic integration design in silicon-based
standard CMOS process

The monolithic integration of MSM photodetectors
with metal–oxide–semiconductor field effect transistors

Fig. 1. A fully differential optical receiver with integrated MSM pho-
todetector.
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Fig. 2. A standard CMOS MSM photodetector based on the Metal1-
NWELL Schottky diode.

(MOS FETs) in standard CMOS processes is very simple[5].
This is because the electrodes of an MSM photodetector and
the gate fingers of a MOSFET can be defined with the same
photolithographic step and the same metallization step. This
section presents an MSM photodetector and a corresponding
fully differential optoelectronic integrated receiver based on
silicon-based standard CMOS processes.

3.1. A standard CMOS MSM photodetector

This part describes a standard CMOS MSM photodetec-
tor, shown in Fig. 2, where PSUB represents p-type substrate,
PCOMP represents p-type high-concentration ion implanta-
tion region, SBDCOMP represents Schottky diode’s high-
concentration ion implantation region, and NWELL repre-
sents n-type well. The MSM photodetector consists of two
sets of interdigitated Metal1-NWELL Schottky contacts in
a rectangular NWELL, and IN1 and IN2 are two interdigi-
tated electrodes. In addition, a rectangular-annular PCOMP
region connected to GND (GND GUARD RING), surround-
ing the rectangular NWELL, is added to form a reverse-biased
PSUB/NWELL diode for eliminating slow photo-generated
carriers deep in PSUB. Since the two electrodes (IN1 and IN2)
are connected serially and back to back, they form two Schot-
tky diodes. Hence, an MSM photodetector comprising two
back-to-back, interdigitated Metal1-NWELL Schottky diodes
is constituted.

It is easily seen that the two electrodes of an MSM pho-
todetector have no difference in anode and cathode, while a
p–n junction photodetector usually works at a reverse bias to
acquire a wide depletion region for sensitivity improvement.
When the MSM photodetector is given a bias between IN1
and IN2, and is also under incident light illumination, photo-
generated electrons in NWELL will diffuse and drift to the
high-potential electrode; photo-generated holes to the low-
potential electrode. Consequently, a photo-generated current is
formed, flowing from the high-potential electrode to the low-
potential electrode.

For a selected, silicon-based standard CMOS process,
the power voltage, NWELL depth and doping concentration,
Metal1-NWELL Schottky contact potential difference, and

carrier mean free path are all constant, and finger spacing and
finger width are the only optional parameters to adjust the
MSM photodetector’s bandwidth and sensitivity.

3.2. A standard CMOS, fully differential optoelectronic
integrated receiver with MSM photodetector

Figure 3 shows the schematic of a standard CMOS, fully
differential optoelectronic integrated receiver based on the
MSM photodetector of Fig. 2. It utilizes two MSM photode-
tectors of Fig. 2 to generate a pair of fully differential photo
currents for TIA. These two MSM photodetectors are com-
pletely identical, and placed symmetrically in a square illu-
mination region to receive incident lights from only one fiber.
The LMA is the cascade of five stages of a low-gain, high-
bandwidth, fully differential amplifier. In the design of TIA
and LMA, NMOS-diode loads and active inductors[9] are both
applied to enhance bandwidth, such as MN3 and MP1, MN4 and
MP2, and so forth.

The DFSO is a new, high bandwidth, differential to
single-ended converter proposed to reduce its influence on
the optical receiver’s whole frequency characteristic. Unlike a
conventional differential to single-ended converter[10], it adds
two additional NMOS diodes (MN32 and MN33) parallel with
the two PMOSs (MP7 and MP8) of the active current mirror
load for output resistance reduction, and it also deletes the cur-
rent bias MOSFET for better impedance matching.

Finally, a wide-swing and constant-transconductance
bias current source[11] was chosen for the optical receiver to
achieve a relatively stable circuit performance. The output port
of the bias current source is directly connected to the node
VBIAS.

4. Experimental results

To avoid the possibility of the output voltage signal am-
plitude being too low to make testing feasible, the proposed
optoelectronic integrated receiver was designed with a 98.75
dBΩ high-transimpedance gain. Additionally, it was also de-
signed with a 1.069 GHz 3 dB bandwidth, and a 283 nA total
equivalent input integrated referred noise current from 1 Hz
up to –3 dB frequency, that is, a –16 dBm sensitivity could be
reached at a 10−12 BER if the MSM photodetector’s responsiv-
ity is assumed to be 80.4 mA/W[12] (the calculation of optical
sensitivity is described in detail in Ref. [13]).

Then, the optical receiver was implemented in a char-
tered 0.35 µm, 3.3 V standard CMOS process. Figure 4 shows
the die photograph. In Fig. 4, the region surrounded by a black
rectangle is the differential MSM photodetector of Fig. 3 with
an area of 80 × 80 µm2.

Figure 5 gives the measured results after die bonding on
a PCB board acquired by a 10 Gbit/s, 850 nm VCSEL of New
Focus, a 3 GHz network analyzer and a wide-bandwidth oscil-
loscope of Agilent Technologies. Figures 5(a) and 5(b) are the
measured optic frequency response and measured transient re-
sponse at 1 GHz for 850 nm wavelength with –10 dBm optical
power, respectively. They demonstrate that the optical receiver
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Fig. 3. A standard CMOS, fully differential optoelectronic integrated receiver with MSM photodetector.

Fig. 4. Die photograph of the optoelectronic integrated receiver in a
chartered 0.35 µm, 3.3 V standard CMOS process.

Fig. 5. Measured results: (a) Optic frequency response for 850 nm
wavelength with –10 dBm optical power; (b) Transient response at
1 GHz for 850 nm wavelength with –10 dBm optical power.

achieves a 1 GHz 3dB bandwidth, and the output voltage sig-
nal amplitude is about 400 mV. It is seen that these tested re-
sults are basically consistent with the designed performance.

5. Conclusion

A fully differential optical receiver with integrated MSM
photodetector is proposed in this paper. A corresponding
silicon-based, fully differential optoelectronic integrated re-
ceiver based on the MSM photodetector consisting of Metal1-

NWELL Schottky diodes was designed and implemented in a
chartered 0.35 µm, 3.3 V standard CMOS process. It achieves
a 1 GHz 3dB bandwidth for 850 nm wavelength. However,
there are still some MSM photodetector manufacturing issues
that need to be overcome, especially the reliability of metal–
semiconductor Schottky contacts.
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