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Abstract: The design and fabrication of a high speed,12-channel monolithic integrated CMOS optoelectronic inte-

grated circuit (OEIC) receiver are reported. Each channel of the receiver consists of a photodetector,a transim-

pedance amplifier,and a post-amplifier. The double photodiode structure speeds up the receiver but hinders re-

sponsivity. The adoption of active inductors in the TIA circuit extends the —3dB bandwidth to a higher level. The

receiver has been realized in a CSMC 0. 6pm standard CMOS process. The measured results show that a single

channel of the receiver is able to work at bit rates of 0. 8~1.4Gb/s. Altogether, the 12-channel OEIC receiver

chip can be operated at 15Gb/s.
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1 Introduction

The significant performance advantages of
optoelectronics (OE) have motivated research in-
to many applications''. The drive for greater
bandwidth has conventionally concentrated on
wavelength division multiplexing (WDM). How-
ever, with the trend towards multi-media and in-
teractive communications, there is a major thrust
towards building computing and switching systems
that exceed the gigabit/sec (Gb/s) rate. To meet
these requirements,these systems need multi-giga-
bit linking capacity, which parallel optical links
can offer'!.

Silicon technologies™ are generally known
for their low-cost,large-scale integration benefits,
but due to their poor performances as OE devices.
OE devices and silicon were previously deemed to
be incompatible. Ever since OE components
moved into multi-channel, short-distance applica-
tions, however, silicon has been highly favored.
Not only is silicon a mature technology to date,
but its widespread availability and high reliability
making it a cost-effective solution for parallel op-
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tical links. Several works about silicon-based OE-
IC receivers have been reported recently. Ghazi
and Heide'"*' demonstrated a high performance
fiber receiver, but their photodetector was PIN-
type and was not compatible with standard
CMOS. Woodward and Krishnamoorthy'®" repor-
ted that DPD detectors can be fabricated in stand-
ard CMOS technologies and that their OEIC re-
ceiver can operate at 1Gbit/s in 0. 35,m CMOS,
but their receivers are all single-channel and can-
not be used for high speed parallel optoelectronic
communication.

In this paper,we demonstrate the design and
fabrication of a high performance 12-channel,
CMOS parallel monolithically integrated OEIC
receiver that can be fabricated in standard CMOS
without any modifications to the process. The de-
sign method for high speed and broad bandwidth
will be discussed. The simulated and measured re-
sults of the 12-channel OEIC receiver will be also
illustrated.

2 System structure

The system structure of the 12-channel OEIC
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transceiver is shown in Fig.1(a).In a parallel op-
tical link, bundles of fibers are used to intercon-
nect the driver arrays to the receiver arrays di-
rectly, with no need for multiplexing (MUX) and
demultiplexing ( DEMUX)
WDM links should do.

Each single channel of the 12-channel CMOS
OEIC receiver involves the blocks shown in Fig.1
(b).In general,light is impinged on the photode-
tector,and as it generates a photocurrent signal,
the pre-amplifier converts the current to a volt-
age. Post-amplifiers can further amplify the signal
to enhance the dynamic range. The timing recov-

as the traditional

ery circuit extracts the clock and data from the in-
coming data stream.

3 Design of high speed photodetector

The CMOS integrated photodetector (PD)
poses a new set of challenges. It is often the main
bottleneck of the overall receiver because of ei-
ther the RC time constant due to wire bonding or
the slow transit photocarriers in the bulk sub-
strate. The former issue is alleviated when in-
tegrating the PD on the same substrate;the latter
issue can be solved by a DPD (double-PD) struc-
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(a) System structure of 12-channel OEIC transceiver; (b) Single channel block diagram of the

ture as discussed below,but this method requires a
trade off between speed and responsivity.

Figure 2 shows a schematic cross section of
the DPD detector structure'® . The photodetector
is implemented in a process identical to the for-
mation of a p-type MOSFET. A p”*
interdigitated lateral structure is designed as the
anode of the photodetector, which is originally

region with an

implanted to form the source and drain of the
MOSFET. An n-well is tied to the detector bias
(positive) and the guard ring is grounded. Thus,
this structure forms two junctions: p-diffusion to
n-well junction, and n-well to p-substrate junc-
tion. Inside the n-well, the interdigitated network
of the p source-drain material is employed to
broaden the depletion region,and forms the active
terminal of the detector. Another junction formed

Guard - — n-well
ring Fingered p* diffusion contact
n-well
p-substrate

Fig.2 Cross section of the DPD detector structure
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Fig.3 Schematic of equivalent PD model and TIA
circuit

by the n-well and p-substrate also plays an impor-
tant role in this structure, called a screening di-
ode. This diode prohibits the diffusive carriers
generated in the bulk from contributing to the to-
tal generated current. This kind of screening
scheme obviously trades responsivity for speed,
because a large part of the photo generated carri-
ers are discarded.

4 Design of high bandwidth TIA

A schematic of the TIA is shown in Fig.3.In
Fig. 3, I, denotes the photo-generated current in
units of pA, C;, is the input capacitance whose
quantity is dominated by the p-n junction capaci-
tance of the photodetector,and I, and C,, togeth-
er form the equivalent circuit model of the DPD.
The first transimpedance stage consists of M1,M2
and Ry, ,which transfer the input current from I
into voltage,and the second stage involves M3, M4
and R;,, which amplify the voltage to a higher
level for the subsequent LA circuit. R; is the feed-
back resistor.

For CMOS TIAs,the primary factor that con-
strains signal bandwidth"* is the inherent parasitic
capacitance introduced by the photodetector. In
order to achieve a wide bandwidth optical receiv-
er,special methods must be used. In this design,
the technique called inductive shunt peaking is
utilized. We use active inductors instead of con-
ventional bulky spiral inductors for two reasons:
(1) Spiral inductors consume much area and their
performance is much worse than out-of-chip in-
ductors; (2) The inductance values of active in-
ductors are quite small, usually below tens of

10]

nano-henries. The active inductors-"" are made up

of an nMOS and a resistor and are configured as
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Fig.4 Active inductor and the equivalent circuit

M2+ R, ,M4+ R, in Fig. 3.

Figure 4 shows how the active inductor
works. Figure 4 (b) is a small signal model of an
active inductor. The input impedance Z;, can be
approximated by

Zm = L >< —1 + SRLCEIS

ms Lo,

m

@Y

From Eq. (1) we can get f,., and fq. in

1 g
= S we = ==. For Z;, to be-
R, C,. o C.

have as an inductor, f,.,<fm. should be satisfied
as signified in Fig. 4 (¢), or in another way, g,
should be greater than 1/R.. In the inductive re-

Fig. 4(¢). fou

gion, Z;, can be modeled as an ideal inductor L in
series with a passive resistor R, and with another
resistor R; in parallel as shown in Fig.4(d). The
parameters in Fig.4(d) can be calculated by the
equations below:

1 Lo~ R, C,
gmL_l/RL gmL_l/RL
2)

Rl = RL9R2 =

The inductive region and the inductance can
be adjusted by tuning the locations of the pole and
zero. Figure 5 shows a comparison of 3dB band-
width with and without active inductors. From it
we can see, by the adoption of the active induc-
tor,the —3dB bandwidth of one single channel of
the 12-channel OEIC receiver can be extended
from 800MHz to 1. 25GHz.
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Fig.5 Simulation results of OEIC receiver with and
without active inductor

5 Chip fabrication and measurement

This monolithically integrated 12-channel
parallel CMOS OEIC receiver is implemented in
CSMC (a foundry in Wuxi, China) 0. 6pm stand-
ard CMOS technology. Figure 6 shows a chip pho-
tograph of the receiver. From the photograph,we
can see that every channel has an independent
power supply, as this is convenient for measuring
every single channel separately. In practice, we
connect all the power supplies together.

The chip was tested under — 6dBm incident
optical power at a wavelength of 850nm. The ex-
perimental system consists of a high speed optical
transmitter model, NF1780 (New Focus) and a
network analyzer, HP8757C. The frequency re-
sponse of four typical channels of the 12-channel
parallel CMOS OEIC receiver is shown in Fig. 7.
Under ideal conditions, all 12 channels should
have the same frequency response, but due to
process deviations and interchannel crosstalk,
there are visible differences from channel to
channel. From Fig.7 we can see that the channels
on the edge of the chip have the best frequency
response (about 1GHz) and the channels in the
middle have the worst frequency response (only
575MHz) . This is because of the fact that chan-
nels in the middle of chip suffered from more inter-

+22.45dB
R 733.01IMHz

(b)
+27.86dB
= 575 60MHz

© (d)
Fig.7 Frequency response of the 1st,2nd, 4th, and
6th channels as counted from left to right

channel crosstalk than those on the edge. When
the bit rate is 1.4 times the 3dB bandwidth, the
single channel of the receiver can be operated at
bit rates from 0.8 to 1.4Gb/s., and the average
value is about 1. 25Gb/s. Altogether the 12 chan-
nels can work at 15Gb/s.

6 Conclusions

In this paper, a 12-channel parallel CMOS
OEIC receiver was introduced. The DPD structure
can speed up the receiver but at the same time
hinders responsivity. By the adoption of active in-
ductors,the — 3dB bandwidth of the receiver can
be extended to a higher level. The chip was fabri-
cated using a CSMC 0.6um standard CMOS
process. From the measured results we can see that
single channel of the receiver is able to work at
bit rates of 0.8 ~ 1.4Gb/s. Altogether the 12-
channel OEIC receiver chip can be operated at
15Gb/s. The simulated and measured results show
that the achieved 12-channel CMOS OEIC receiv-
er has the merits of high speed,low cost and mon-
olithic integration, and can be used in ultra high
speed parallel optoelectronic communication sys-
tems.

ELE

Fig.6 Chip photo of the 12-channels parallel CMOS OEIC receiver



%9 1

Zhu Haobo et al. :

A High Speed,12-Channel Parallel, Monolithic Integrated CMOS OEIC Receiver

1345

References

[1]

[2]

[3]

[4]

[5]

Wong H. Recent developments in silicon optoelectronic de-
vices. MIEL 23rd International Conference on Microelec-
tronics,2002,1:285

Griese E. Parallel optical interconnects for high performance
printed circuit boards. The 6th International Conference on
Parallel Interconnects,1999.:173

Razavi B. Prospects of CMOS technology for high-speed op-
tical communication circuits. IEEE J Solid-State Circuits,
2002,37(9) :953

Ghazi A, Heide T, Zimmermann H, et al. CMOS PIN fiber
receiver and DVD OEIC. Symposium on High Performance
Electron Devices for Microwave and Optoelectronic Appli-
cations,1999:108

Van Muoi T. Receiver design for high-speed optical-fiber
systems. IEEE J Lightwave Technol,1984,LT-2(3) :243
Woodward T K, Krishnamoorthy A V.1-Gb/s CMOS photo-

[9]

[10]

receiver with integrated detector operating at 850nm. Elec-
tron Lett,1998,34(12) :1252

Mao Luhong,Chen Hongda, Wu Ronghan, et al. Simulation
and design of a CMOS-process-compatible high-speed Si-
photodetector. Chinese Journal of Semiconductors, 2002, 23
(2):193(in Chinese) [ BRE AL, B34 3% » AL 5. 15 CMOS
T2 Y Bk i EOG 0 A B L Bt R S R 2
2002,23(2):193]

Chen Hongda, Gao Peng, Mao Luhong,et al. Monolithically
integrated optoelectronic receivers implemented in 0. 25,m
MS/RF CMOS. Chinese Journal of Semiconductors.2006.27
(2):323

Park S M., Yoo H J. 1.25-Gb/s regulated cascade CMOS
transimpedance amplifier for gigabit Ethernet applications.
IEEE J Solid-State Circuits,2004,39(1) :112

Chen W Z,Lu C H. Design and analysis of a 2. 5-Gbps opti-
cal receiver analog front-end in a 0.35-pm digital CMOS
technology. IEEE Trans Circuits Syst I. Regular Papers,
2006,53(4) :977

B 12 1T CMOS B R X ERERNIRITSLH

REET B

KK R

PR AL3A*

E B

(1 KRS0 T B TRAYEE, RHE  300072)

(2 HrE A B AR E T T, b

100083)

WE: PO T —AmH 12 B IF4T CMOS B 5 42 B L . H A — B AR AL 48 — AN AR I 2% L — A~ B BEL ik
K% LA B SR L . SO HL A 8 (DPD) 85 #4 1T LA w2 B2 WOML S 13 R[] e B AU 17 o 7 8 . 7 35 L T30 4 H
rfr R FH A 6 H ROk 8 55 — 3dB A 98 . il Jo 8 B AR (CSMC)0. 6um CMOS T 25 I 4 B 64T 7 03 . I3t 4%
B R % I WO SR R A i L R R T 3k 0. 8~1. 4Gb/s. Ay 12 8% ] {545 15Gb/s $idit .

KW : CMOS; S AT ok
EEACC: 4250; 1220

FE S ES: TN303 XHktRIRAD: A

XEHES . 0253-4177(2007)09-1341-05

* E K B R B 4 (IS :60536030,60676038) Fl K it 7 FE Al AFF 78 8 45 W H (L iS5 : 06 YFIZIC00200) ¥F By i H
1 3 {5 /£ # . Email : yesnickel@yahoo. com. cn
2007-03-19 Y £ ,2007-05-14 E i

©2007 HE T4



