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Abstract—Based on the structure proposed in [1] and [2],
two new types of parallel decision feedback loops are presented.
Efforts are made to secure the data transition and relax the
delay limitation for the inner components. Additionally, the
characteristics of four decision feedback loops are compared.

|. INTRODUCTION

In high-speed optical communications, polarization mode
dispersion (PMD), chromatic dispersion or nonlinear pulse
propagation and insufficient receiver bandwidth result in inter-
symbol interference (1SI) in the received signal. ISl occurs
as pre-cursor and post-cursor distortions. To mitigate the
latter, various decision feedback equalizers (DFES) have been
investigated.

The first DFE for 1S mitigation in optical receivers which
was introduced by Winters and Gitlin operated at 1.7 Ghit/s
data rate [3]. A DFE targeted for 10 Ghit/s data processing
was realized in [4], where the structure shown in Fig. 1 was
adopted. However, the speed performance of this concept is
limited by the delay of generating analog threshold in the
feedback loop. To ease this limitation, two DC references,
corresponding to the post-cursor interference imposed by the
preceding signal “1” or “0", can be used as two decision
thresholds [5]; this parallel 1ook-ahead computation has been
demonstrated in [1] and [2] by using AlGaAs/GaAs HEMT.
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Fig. 1.

DFE block diagram

Il. EXISTING STRUCTURES OF DFE

The basic principle of the DFE can be understood from
Fig. 1. By feeding back the predecessor bit and subtracting

Gang Wang, Rolf Kraemer
IHP GmbH, Technologie Park 25
15236, Frankfurt(Oder), Germany
Lothar Moeller
Lucent Technologies, 791 Holmdel-Keyport RD
Homdel, NJ 07733-400, United States

Dec 1
> ’ Q
(}/;n) g ] Vout
o | 21 (fh)
D Q
Dec 0
+ SEL
17 - CLK
o

© CLK

Vref  -Vref

Fig. 2. Structure of type |

the certain offset corresponding to it, the post-cursor of the
predecessor bit can be overcome.

The simple parallel decision feedback loop of [5] and
[6] shown in Fig. 2 (caled type | later), adopts parallel
data decision with different thresholds, therefore the delay
of generating the analog threshold levels within the loop is
avoided. But the components operate at the full datarate. The
maximal delay limitation for the D Flip-Flop (FF) and the
selector is only one bit period.

Feedback loop of [1] and 2] in Fig. 3 relaxes the timing
constraints for components in feedback path by reducing the
datarate of each channel by afactor of two, and both channels
are coupled crosswise. Thus, the maximum input data rate is
higher than type I.

Although this feedback loop (called type Il later) in Fig. 3
can work without oscillation, the input data and the control
signals of the two selectors are staggered in time. This
causes unwanted pulse jumps at the output of the selectors
which influence the data to be decided. To overcome this
phenomenon, type |11 is proposed to synchronize the control
signal and input data of both selectors (shown in Fig. 4). But
the drawback of this structure is that the delay limitation in
the feedback path is shortened to be half period of the CLK/2.
To relax this delay limitation, type IV is proposed to enable
the circuit operating at higher frequency. The detail will be
discussed in part I11.
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Fig. 3. Structure of type Il

I1l. TWO NEW STRUCTURES

In type Il, we find that the control signals fed back from
the selectors and the signals Decl and DecO being selected
from both channels are staggered in each period. This causes
an unwanted pulse jump transition at the output of selector.

The correct output data of the selector of, eg., Chan-
nel I, should be sampled by the respective D-FF triggered
by CLK/2 before the selector input change triggered by
CLK /2. The maximum input data rate depends on the band-
width of the comparator, and the delay of the D-FF and the
selector in the feedback loop. The minimal iput data rate is
1/ (2 Tsetector + TD—Fr). Because if the sum delay of one
D-FF and two selectors is smaller than %TCLK/Q, then the last
D-FF will sample in the second half period of the selector, the
decision would be wrong. This occurs only for low input data
rate.

The above-mentioned drawback can be easily overcome by
including the flip-flop in the feedback loop, however, at the
price of speed. An alternative, termed type I11, isillustrated in
Fig. 4.

Instead of feeding the control signal from the node after
the selector, the feedback signal is coupled from the output of
the following D-FF. The control signal and the input data of
the selector are synchronized by these two D-FFs which are
triggered by the inverted clock compared to type Il in Fig. 3.
Therefore, the control signals of two channels have no chance
to influence each other simultaneoudly. This scheme avoids
unwanted pulse spikes after the selector. However, the delay
limit for the D-FF and selector is within half period of CLK/2.
Consequently, the maximum input data rate is comparable only
to type | clocked at full clock rate.

With the intention to relax the speed limitation for the
components in the feedback path of type Ill, type IV is
proposed as shown in Fig. 5. The configuration of channel | in
the upper part is same as that of type I1, but in channel 11, the
data is sampled twice and then fed to the selector, the control
signal and the input data of the selector are synchronized. In
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Fig. 5. Structure of type IV

channel 1, the input data of the selector arrives earlier than the
control signal of it. Although there are also spikes occurred at
the output of the selector, the sampling instant of the following
D-FF is away from the spike by ¢4, which is the sum delay
of D-FF and the selector. Here we see, type 111 combines the
advantages of type Il and type Ill. The improved performance
will be shown in part IV.

IV. SIMULATION RESULTS

The four types of decision feedback loops are designed
and simulated by using the advanced SiGe:C Heterobipolar
technology described in [8]. It is an epi-free and single-
poly technology with 0.25 pm minimum lithographic feature
size and four metal layers. This technology incorporates
low concentration of carbon into the SiGe region [9] of a
heterojunction bipolar transistor (HBT) which significantly
suppress boron outdiffusion caused by subsequent processing
steps, and improves the HBT performance. The measured
transit frequency fr and oscillation frequency f,... are up to



200 GHz at breakdown voltage BVgro 2.0V, and extremely
low ring oscillator delay 4.2 ps. The transistors are scalable

Wi

th minimum emitter size 0.21x0.84 pum?.
The circuits are ssimulated with pseudo random bit sequence

(PRBS) input with I1SI, and a comparison of the performances

is

summarized in Table I.

[ Type ]| Input data rate (Gb/s) | Power (W) | Sum No. of Components |

[ 0~60 117 6
Il 15~90 2.25 12
11 0~60 2.25 12
v 0~85 2.40 13
TABLE |

PERFORMANCES OF FOUR DECISION FEEDBACK LOOPS

For low input data rate, type | is very attractive for its low

power, less components and small chip area. Type IV shows
higher maximum input data rate than type | without speed
limitation for low input data rate, and a little higher power
consumption compared with type II.

V. CONCLUSIONS
Four structures of decision feedback loop are analysed

and compared in this paper. According to advantages and
disadvantages of them, type I, Il and IV are good choices
for low and high input data rate respectively.
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