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Abstract—This paper focus on design flow for improving gain of
high speed device at given bit rate. The design frameworks selects
the optimum equalization architecture and it’s suitable circuit logic
style which improves the gain for minimum power. Analysis shows
that low loss characteristics and minimal circuit complexity. This
project is based on 220nm CMOS technology.

Index terms —Feed Forward Equalizer, ContinuousTime Linear
Equalizer.

l. INTRODUCTION

A. 1/0 Bandwidth

Improving gain is important for application ranging
from high performance processors to next generation mobile
devices. Many core microprocessors, which require significant
increases in parallel data bandwidth, are projected to have
aggregate 1/0 bandwidth in excess of 1 TBps based on current
bandwidth scaling rates of two to three times every two
years[2]. The most common equalization circuits employed in
transmitter (TX) Feed Forward Equalizer (FFE) [11], receiver
(RX) Continuous Time Linear Equalizer (CTLE).
Microprocessors 1/0 bandwidth has scaled aggressively over
the past decade to keep computing system 1/O bandwidth
requirements. Microprocessors use high-bandwidth interfaces
to communicate with memory, co-processors, and peripheral
components. To scale aggregate 1/0 bandwidth, per-pin data
rates have increased at a relatively modest rate. The Primary
challenge for microprocessor 1/0O design during the next
decade will be continuous to scale aggregate bandwidth while
simultaneously reducing power efficiency faster than during
the previous decade. I/O bandwidth for recent microprocessor
products has increased at a rate 2-3X every two years [2] .

B. Inter Symbol Interference

Present day computing systems require very high off-
chip communications bandwidth, and high speed serial links
for chip to chip interconnect are now ubiquitous. Many of
these links have channels that present modest attenuation,
crosstalk and reflection. Present day chip to chip serial links,
however have generally evolved from backplane transceivers
that must deal with much more difficult channels, and they
often dissipate for more power than necessary for short-haul
chip to chip links, typically about 20mW/Gb/s[3]. To improve
the power efficiency of the transceivers, their operation

frequency must be choosen carefully to best utilize the
performance of the target process technology, optimization of
microprocessors interfaces at the system level is crucial to
providing the most cost effective and efficient solution[4]. A
comprehensive interconnect and system level analysis method
that can be used to accurately evaluate platform-level
tradeoff’s and has been correlated to link measurements with
10%accuracy. System interfaces that require considerable
bandwidth include off-chip fabrics connecting multiple
microprocessors, central processing unit (CPU) to application
specific accelerators and CPU to memory interfaces. Common
requirements of these interfaces include high aggregate
bandwidth along with small latency, power factor and cost [5].
The low pass channel characteristics spreads short data pulses
in time, resulting in Inter Symbol Interferences (ISI) that
degrades voltage and timing margins and limits the maximum
achievable bit rate [6].

This paper presents a gateway for improving gain of
Continuous Time Linear Equalizer by selecting optimum
equalization architecture, circuit logic style (CMOS versus
current mode logic).

Il. BLock DIAGRAM

R

0’s and 1’s 4 TAP FEED Removing ISI &
EXDATA FORWARD
EQUALIZER
CONTINUOUS
BXData TIME LINEAR
i i EQUALIZER =
Pr_owde gain Q Output with
with low e
power power

Figure 1. Block diagram of system model

Figure 1 shows the system block diagram, Parallel
input data is serialized at the transmitter in order to meet
system /O bandwidth demands under the constraints of
limited high speed 1/0 pins in chip packages and minimum
printed circuit wiring pitches. The incoming serial data at the
receiver is typically conditioned with amplifier and/or
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equalizer blocks before being sampled and regenerated to
logic levels by a decision element, which is often a differential
dynamic sense amplifier [10]. Finally, the data is serialized to
the core data rate of the receiver chip. Sending high speed data
pulses over these low pass channels can result in significant
Inter Symbol Interference (ISI), which can limit the maximum
achievable bit rate.

Inter Symbol Interference (ISI) is caused by non flat
frequency response of the channel the signal travels through
(high frequency exhibit more loss than low frequency) and
results in the distortion of the pulse shapes in your signal. If
the use of equalization to reopen the eye by correcting for the
Inter Symbol Interference (ISI) because it is deterministic. The
random noise cannot be corrected by equalization technique.

I11. FEED FORWARD EQUALIZER

In transmit side equalization is typically implemented as a
Linear Feed Equalizer which pre-distorts or shapes the data
pulses over several bit times in order to mitigate channel
distortion. While increasing the equalizer taps number allows
for more flexibility in Inter Symbol Interference (ISI)
cancellation, this paper models a maximum of four taps (the
main data, one precursor and two post cursor taps) due to
performance improvements generally diminishing beyond this
complexity level [9]. Parallel current mode drivers implement
the equalization taps. These drivers are sized to produce the
required transmitter output voltage swing on the parallel
combination of the 50 ohm channel and the 50 ohm TX
termination placed on the chip to minimize signal reflection.
This Feed Forward Equalizer (FFE) will contains
Multiplexers, Latches, Xors, Pre driver and the driver circuits.
It was shown in figure 2.

 Driver

Figure 2. Feed Forward Equalizer

IV. CONTINUOUS TIME LINEAR EQUALIZER
At the receiver side, a Continuous Time Linear Equalizer

(CTLE) is a simple structure that provides gain and
equalization with low power and area overhead. It is often
realized as a differential amplifier with programmable RC-

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.

www.ijiset.com

ISSN 2348 — 7968

degeneration, which creates a peaking response to compensate
for the low-pass channel response. Continuous Time Linear
Equalizer (CTLE) power dissipation is set by the capacitive
loading and biasing conditions for the gain bandwidth that
supports the system bit rate and channel loss, similar to the
transmit circuit modeling procedure, a fan-out (FOCTLE) ratio
of the Continuous Time Linear Equalizer (CTLE) load
capacitance and input gate capacitance.
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Figure 3. Continuous Time Linear Equalizer

V. CONTINUOUS TIME LINEAR EQUALIZER WITH
LFEQ

The Continuous Time Linear Equalizer (CTLE) implements
a zero in the signal path using source degeneration. The
location of the zero is tuned by digital control of the source-
degeneration resistor (Rsl),while the location of the poles is
fixed by design with the dominant pole occurring at fs/4. In
contrast, the LFEQ implements a zero at low frequency
(500MHZz) through a feedback topology. This topology
implements variable gain in the feedback path to control the
first pole, fp1 from 500MHZ to 1GHZ. Since the Continuous
Time Linear Equalizer (CTLE) provides large boost (0 to
15db) at high frequencies to compensate for dielectric loss and
skin effect, while the LFEQ implements a small amount of
equalization (0 to 4db) to compensate for the gentle slope of
the low frequency loss due to skin effect, their design
requirements are quite different. The Continuous Time Linear
Equalizer (CTLE) poles are restricted to fs/4 or higher and
require the ability to tune the zero in relatively high frequency
(1 to 8GHZ) with a wide range. As a result, the span between
the first pole and zero depends only on the location of zero.
On the other hand, the only restriction in a LFEQ is that its
first pole and zero must be close to each other. In other words,
the placement of the pole-zero pair gives us two degrees of
freedom the first being the centre frequency and the second
being than span of the pair. In our implementation we
implement a fixed zero at 500MHZ and tune the first pole
(fpl) in a small frequency range above the zero. Figure 4
shows the combination of Continuous Time Linear Equalizer
(CTLE) with LFEQ. Boundary samplers capture the phase
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error at the Continuous Time Linear Equalizer (CTLE output),
It only cancels residual Inter Symbol Interference (ISI) upto
fs/4, clock recovery is performed using pattern filtering [3] to
use the phase error only for frequencies below fs/4.

stleinp

Figure 4. CTLE with LFEQ

VI.RESULTS

This simulation results has been taken from 220nm CMOS
technology (Orcade), Figure 5 shows the waveform of input
clock signal which was fetching by MUX. Figure 6 shows the
waveform which contains Inter Symbol Interference (ISI),
because the input signal is an deterministic signal so there was
an possible to distort the input signal. Figure 7 shows the
waveform like as input clock signal that means Inter Symbol
Interference (ISI) has been removed. Figure 8 shows the
waveform for four tap Feed Forward Equalizer (FFE). Figure
9 shows the waveform for Continuous Time Linear Equalizer
(CTLE). Figure 10 shows the waveform for Continuous Time
Linear Equalizer (CTLE) with LFEQ.

Figure 5. Input clock signal

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.

www.ijiset.com

ISSN 2348 — 7968

W
13 B.1us 0.2u 0.0us B.4us 0.5us 0.6us B.7us 0.8u5 0.9u

oliit:g)
Tine

Figure 6. Formation of ISl

Figure 7. Removing ISl

Figure 8. Four tap FFE output

Figure 9.CTL]E output
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Figure 9.CTLE With'LFEQ output

VI1I. CONCLUSION
In this paper design flow for improving gain of high
speed device at given bit rate should be estimated. The design
frame work selects the optimum equalization architecture and
it’s suitable circuit logic style which improves the gain for
minimum power. Analysis shows that low loss characteristics
and minimal circuit complexity.
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