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Burst Mode Clock Recovery for 
Passive Optical Networks 

By Charles A. Eldering, General Instrument Corp., Gl Communications Division, 
Hatboro, Pa. 

Passive optical networks (PONs) are a cost-effective means 
of providing telecommunications services over fiber to termi
nals located at curbside or in business locations. In the PON 
architecture, an optical receiver and transmitter located at a 
telephone central office connect to remote terminals via opti
cal fibers and 1Xn couplers. Because optics at the central 
office are shared by the terminals (up to 32), a tremendous 
cost savings can be achieved. Reception at the central office is 
difficult because the terminals require a multiple access tech
nique to appropriately address the receiver. Advances in 
optical communications in 1994 now make this possible. 

PONs commonly use a time division multiplexing 
(TDM) format for communications from the central office to 
the terminals, and a time division multiple access (TDMA) 
protocol for communications from the terminals to the cen
tral office. In the TDMA protocol, short bursts of informa
tion are transmitted by the terminal laser and received by 
the PIN field effect transistor and clock recovery system. 
Detection is complicated by the fact that amplitude and bit 
level phase differences between the bursts do not allow for 
use of a common amplitude control (AGC) and clock recov
ery system. Novel burst mode detection systems are 

required. There is a penalty for burst mode reception that 
can be as much as 3 dB if a single bit is used to establish the 
threshold, but this penalty decreases rapidly as the number 
of bits used to establish the threshold increases.1 Of equal 
concern is clock recovery; traditional phase-lock loops can
not be used because of the problem of "hang-up," which 
results from the inability of most feedback-based phase lock 
loops to deal with 180° phase shifts.2 A clock recovery 
method based on a correlation algorithm has been devel
oped that can recover the bit timing in 3 bits and correctly 
decode the data.3 The method was implemented in a 0.7 μm 
CMOS application specific integrated circuit (ASIC) and 
measurements of the phase tracking characteristics over the 
frequency range of 38 to 90 MHz were made. Bit error ratio 
measurements made using the device in a burst mode fiber
optic receiver operating at 51.84 Mb/sec were also per
formed. The ASIC performed well and was able to perform 
clock extraction with a penalty of approximately 2 dB with 
respect to an ideal clock extraction system. 

This new device allows the use of PONs for providing 
telecommunications services to a number of remote terminals 
using a T D M A protocol, providing additional bandwidth 
and services to the subscriber in a cost-effective manner. 
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Intra-Multi-Chip Module (MCM) 
Optical Clock Signal 
Distribution 

By Suning Tang and Ray T. Chen, Microelectronics Research Center, Depart
ment of Electrical and Computer Engineering, University of Texas, Austin, Tex. 

The speed limitations of the current generation of com
puters have led researchers to seriously consider new com
puting architecture based on optical interconnects.1 Thus far, 
optical interconnects have been based on two-dimensional 
(2-D) waveguide arrays suitable for intra-board bus-connec
tions and three-dimensional (3-D) freespace interconnec
tions suitable for board-to-board connections.2,3 

High-speed clock signal distribution represents one of 
the major bottlenecks in high performance computing. We 
have recently demonstrated a novel 3-D compact optical 
interconnect4,5 that is suitable for intra-multi-chip module 
(MCM) clock signal distribution. This unique optical inter
connect allows us to broadcast clock signal simultaneously 
to many high-speed clock detectors in the subsequent M C M 
boards without requiring massive optical alignments. 

The schematic of the optical clock signal distribution 
presented is shown in the figure. It consists of a transparent 
substrate fabricated with 2-D surface hologram arrays on its 

surface. The transparent substrate also functions as a light-
guiding plate. Two-dimensional surface hologram arrays 
are used to couple the input laser beam into substrate guid
ed waves and then into 2-D arrays of surface normal fanout 
beams. Formation of the surface normal fanout beams 
together with the compact device structure convert the three 
spatial and three angular multiple alignment into a single 
step 2-D one.4,5 This is due to the fact that the spatial separa
tion of any two surface-normal fan-out beams is indepen
dent of propagation distance. The initial coupling is per
formed by a hologram (ho) that changes the angle of 
propagation through the glass to 45°, so the light is guided 

Schematic of the novel 3-D miniaturized optoelectronic integrated M C M 
using optical clock signal distribution. 
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