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Abstract

We develop a 2.8 Gbit/s optical interconnec-

tion circuit using the D8B1C (Differential 8 Binary 1

Complement insertion) /D8B lM (Differential 8 Bi-

nary with 1 Mark insertion) coding scheme for multi-

plexed channel framing and synchronization and sup-

pressing Direct Current level variation. The circuit

multiplexes 16 parallel 156 Mbit/s input signals, and

outputs a 2.8 Gbit/s serial signal. The coding scheme,

named D8B 1C/D8B 1M, realizes large capacity inter-

connections with simple analog circuits, and offers

high flexibility for extension to higher capacity inter-

connections.

Introduction

For Broadband ISDN and multi-media ser-

vices, transmission system capacities of tens or hun-

dreds of gigs-bits per seconds are needed. Very high

transmission bit rates demand large capacity shelf-to-

shelf and/or package-to-package interconnections.

For these demands, various kinds of parallel optical

data links which have several gigs-bits per second

throughputs have been reported. [1] [2] However,

these parallel interconnections depend on highly reli-

able laser diodes arrays, low coupling loss variation

between laser and fiber, and the accurate compensa-

tion of phase skew among data channels. Multiplexed

serial transmissions seem more feasible because they

avoiding these difficulties.

In order to realize high-speed multiplexed se-

rial data links, there are two points to be solved.

First is multiplexed channel framing and synchrcmiza-

tion. The second is suppressing Direct Current level

variation. Several kinds of coding scheme for these re-

quirements have been reported such as the mB lC code

[3] and DmB 1M code [4]. However, these coding

schemes are not suitable because of the complexity of

the decoder.

This paper describes a new coding scheme

called the DmB lC (Differential m Binary 1 Comple-

ment insertion) /DmB 1M (Differential 8 Binary with

1 Mark insertion) code which can realize multiplexed

channel framing and synchronization with simple cir-

cuit construction. The coding format has several ben-

efits such as low line rate increase, short maximum

consecutive length and good balance in the number of

0s and 1s of the signals. We apply the D8B 1C/

D8B lM coding scheme to a 2.8 GbitLs optical multi-

plexed serial intra system with sixteen 156 Mbit/s

parallel inputs and experimental results are shown.

DmBIC/DmBIM Code

Figure 1 shows the block diagrams of the

DmB lC/DmB 1M encoder and decoder. The signal

processing sequence for the case of m=8 is shown in

figure 2. In DmB 1C coding, the speed of the input sig-

nal (PC) is increased by (m+ 1)/m, and the complem-

entary bit of the m th time slot is inserted into the

(m+l) th time slot. The mB lC code (QC) is converted

into the DmB 1C code (SC) by the following equation

using a finite sum operation circuit.

sck = sCk-I @ QCk (1)
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where SCk and QCk denote the k th signal bit of SC

and QC, respectively. The symbol @denotes logical

exclusive OR. Considering the relationship between

the (m+ 1) th and m th bit of SC in (1), the following

equation can be derived;

SCm+l = SCm-1 @ QCm @ QCm+l.

.-% QCm+ 1 is always the complement o~QCm,

SCm+l = SCm-1 @ 1

SCm+l = SCm-1 (2)

where, SCm- 1 denotes the complement of SCm- 1.

This means that SCm+l is always the complement of

SCm- 1, and the maximum number of consecutive

identical digits is m+2 bits in the DmB lC code.

In DmB 1M coding, the speed of the input signal

(PM) is increased by (m+l)/m, and a mark bit is in-

serted into the (m+ 1) th time slot. the mB 1M code

(QM) is converted into DmB lM code (SM) by equa-

tion (1) using the same circuit used for DmB lC cod-

ing. Considering the m+l th bit of SM in (1) and

QMm+l are always mark bits

SMm+l = SMm @ 1

SMm+l = SMm (3)

where, SMm denotes the complement of SMm. This

means that SMm+ 1 is always the complement of

SMm, and the maximum number of consecutive iden-

tical digits is m+ 1 bits in the DmB lM code. The num-

ber of 0s and 1s in the signals for the D8B lC code and

the D8B 1M code is always equal for input signals of

any mark ratio. [4]

When decoding DmBIC and DmB lM codes,

the mB lC code (QC) and mB lM code (QM) are ob-

tained by the following equations using a finite differ-

ence operation circuit.

QCk = SCk @ SCk-I (4-1)

QMk = SMk @ SMk-1 (4-2)

The original information signals PC and PM are then

recovered through n-d(m+ 1) speed conversion.

DmB 1C/DmB 1M coding is realized by com-

bining the bit multiplexing of a DmB lC code (SC)

and a DmB 1M code (SM). On the other hand,

DmB 1C/DmB 1M decoding is realized by

demultiplexing the input signals as shown in Fig. 1.

The DmB lC/DmB lM coding scheme easily supports

increased numbers of channels because the mB 1C and

mB 1M decoding circuits can be used in common. In

order to increase transmission capacity, we need only

to exchange the bit multiplexer and demultiplexer.

The code characteristics of DmB 1C, DmB 1M and

DmB lC/DmB 1M are summarized in table 1.

Circuit Cotilguration

To verify the DmB 1C/DmB 1M coding scheme,

we developed a proof-of-concept intra system that

transmits sixteen 156 Mbitls signals. Its circuit dia-

gram is shown in figure 3. In this system, the 156

MHz system clock is provided to the transmitter and

receiver.

The transmitter consists of the D8B lC/D8B 1M

coding circuits shown in Fig. 1(a), an E/O converter

and a 2.8 GHz clock generator. An 8B 1C and an

8B 1M encoder were constructed using two 9:1 multi-

plexer, so D8B 1ClD8B 1M encoder is very simple.

The E/O converter consists of a Fabry-Perot laser di-

ode and its driver IC. The 2.8 GHz clock signal was

generated from the 156 MHz clock signal by an 18

times frequency up-converter, which consists of a

double feed back loop type PLL.

The receiver consists of an O/E converter, the

D8B lC/D8BlM decoding circuit shown in Fig. 1(b)

and a 2.8 GHz clock generator, The O/E converter

consists of a PIN-PD and a limiting amplifier and de-

cision circuit. 8B lC and 8B 1M coded signals are de-

coded by two 1:9 demultiplexers, 8B IC and 8B lM

decoder circuits. An 8B lC and an 8B 1M decoder are

fabricated on the same 1.7 K-gate Si bipolar LSI. The

LSI has the functions of automatic output channel se-

lection and coding scheme type detection. [5]
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The circuit configuration of the D8B lC/D8B 1M en-

coder and decoder is very simple.

Experimental Results

The interconnection circuit was tested and

evaluated by connecting a transmitter and a receiver

with a 1.3 ~m zero dispersion fiber. Sixteen 156 Mbit/

s input signals with PN 7 pseudo random signals were

used and the error rate of each channel output by the

receiver was measured. Error free operation was suc-

cessfully confirmed. Figure 4 shows D8B lM coding

signal of the transmitter, D8B lC/D8B 1M coding sig-

nal at the DEC output of the receiver module, and

D8B lC and D8B 1M decoding signal at the finite dif-

ference circuit output of the receiver. The 2.8 GHz

clock generator operated stably. The output spectrum

of 2.8 GHz clock signal is shown in figure 5.

The interconnection circuit was mounted on a

package consisting of a mother board and a daughter

board. The 2.8 GHz clock generator was mounted on

the daughter board and the other circuits were

mounted on the mother board. The realized package

size was 194 mm x 280 mm x 55 mm. A photograph of

the board is shown in figure 6.

Conclusion

We have successfully developed a 2.8 Gbit/s

optical interconnection circuit using the D8B lC/

D8B 1M coding scheme. Interconnections based on

the DmB lC/DmB lM coding scheme offer large ca-

pacity with simple analog circuits, and have high flex-

ibility for extension to higher capacities.
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Figure 3 2.8Gbit/s intra system optical interconnection circuit diagram

Table 1
Characteristics of DmB 1C/DmB IM Code

i

,!

(1 ns/div., 400mV/div.)
(a) D8B lM Encoder Output (1.4 Gbitfs)

----- D8B lM Coding Signal -----
I

I

(500 ps/div., 400mV/div.)
(b) DEC Output (2.8 Gbit/s)

----- D8B lC/D8B lM Coding Signal -----

t
(1 ns/div., 400mV/div.)

(c) D8B lC Decoder Complemental Output (1.4 Gbit/s)
----- 8B lC Coding Signal -----

I

(1 ns/div., 400mV/div.)
(d) D8B lM Decoder Complemental Output (1.4 Gbit/s)

----- 8BIM Coding Signal -----

Figure 4 Operating waveforms
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Figure 5 Clock spectrum of 18 times frequency up-
conversion

Figure 6 2.8 Gbit/s optical interconnection board
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