Journal of Advanced Engineering Trends (JAET), Vol. 38, No. 2. July 2019

A DUAL MODULATION PULSE POSITION MODULATION APPROACH IN
130NM CMOS TECHNOLOGY FOR TIME BASED SERIAL
COMMUNICATION LINKS

Mostafa SalahRashdan® ,Nesma M. Sobhy”

,Ahmed EI-Sawy*

®Electrical Engineering Dept, Faculty of Engineering, Aswan
University,mabdelha@aswu.edu.eg

® Electrical Engineering Dept., Faculty of Engineering, Minia University,
nesma_20108784@yahoo.com

“Electrical Engineering Dept., Faculty of Engineering, Minia University

Abstract—A time-based serial data link architecture that involves dual modulation Pulse
Position Modulation approach (DMPPM) is presented in this paper. In the proposed approach, both
the rising and falling edges of the input clock signal are modulated independently. Using the
proposed approach allows increasing the total number of transmitted bits without significantly
affecting the modulated signal bandwidth. A 6-bit 4.8 Gb/s DMPPM link design example has been
designed and simulated based on the proposed approach in 130nm CMOS technology. An 800MHz
has been used as an input clock signal. The simulation results and a comparison between the
proposed link and other serial links are presented. The power consumption of the transmitter and the

receiver circuits are less than 100mW.
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I.  INTRODUCTION

The requirements for designing serial
links have increased as the demand for multi
Gb/s data communication has continually
increased tremendously. There are more
limitations on such links due to CMOS
technology scaling that have been inflexible
with the increasing in the data rate. The loss
channel one of these limitations, which cause
an inter-symbol interference (ISI) and
severely attenuate the transmitted signal. An
increasingly complex equalization techniques
need to be implemented in the transmitter and
receiver to offset the losses of this frequency-
dependent channel as presented in[1-3].
Furthermore, as the frequency increase, the
constituent circuits of both transmitter and
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receiver in the serial link are increasingly
complicated due to the appearance of a
crosstalk, jitter, data skew and ISI.

The transceiver circuit of a serial link
consists of a transmitter side, a transmission
channel, and a receiver sideFig.1 illustrates a
prevalent block diagram of a generic serial
link. The input bits are serialized into a stream
of data which is pre-emphasized at the end of
the transmitter circuit and transmitted through
a bandwidth-limited transmission channel. At
the receiver side, the received data is
equalized to offset the weakness caused by the
channel to the transmitted signal. Then, a
clock and data recovery (CDR) circuit is used
to extract the clock and data. Finally, the
extracted data is sampled by the recovered
clock and de-serialized back into a set of
parallel signals.
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Fig.1. The generic block diagram of a serial link.

At high data rate, these architectures
consume much power and area on the chip
due to using more complicated circuits such as
phase-locked loop (PLL) circuit and the clock
and data recovery circuit (CDR). Furthermore,
an inter-symbol interference (1S1)
effects[4]caused by  transmission  line
reflections in transmission media (channel)
are increased, these increases the difficulty of
links and the challenges on designers.

Different types of  modulation
techniques have been used to implement
various serial links to face the challenges
which appeared from the increase of the data
rate. A pulse amplitude modulation is one of
the modulation techniques, where the data rate
of the transmitters amount to several gigabits
per second [5]. Because the scaling of CMOS
technology has been increased, the circuit’s
voltage headroom has been highly reduced.
As a result, multi-level PAM techniques have
a miserable voltage resolution and insufficient
resilience for more bits are added to the link.
Therefore, they are undesirable reduces the
effect of clock jitter, relaxes the circuit design
and uses much lower input clock frequency
than the multiplexing serial links, such as
embedded  clock  Serializes/Desterilized
(SerDes) links, which is utilized to relieve the
link design and less power consumption. As a
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consequence, a lower bandwidth is occupied
by the transmitted signal which makes it
distinct from all types of the SerDes links.
There are two basic time-based modulation
techniques: the pulse width modulation
(PWM) technique is one of them and the other
is the pulse position modulation PPM
technique.

In [6], a CMOS 400-Mb/s interface
circuit with PWM scheme was presented. To
reduce the pin count, the data and clock
channels were joined in a single channel. The
binary data is encoded into pulses with
different widths where as guaranteeing a
periodic rising edge during each period. For
recovering the clock signal easily in the
receiver, a phase-locked loop(PLL) is used. At
high frequencies, the period of the clock is
decreased. Subsequently, the pulse width now
has a very limited range. Using a PLL for
generating time-shifted sampling clocks
complicates the design especially at high
frequencies. In[7],the PWM technique has
been combined with the PAM technique in
order to increase the number of the data bits
and as a result increasing the data rate of the
transmitted data signal. So that the authors
achieved high data rate transfer using both
PWM and PAM (PWAM) schemes.
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Given the obliged limitations of CMOS rate, transceiver circuit simplicity, and chip
technology scaling on the PAM and PWM, a area. So that, our focus in the proposed link
time-based PPM-TDC architecture  was about using two PPM architectures at the
presented in [8-12] and is shown in Fig.2. The transmitter and a two TDC at the receiver for
authors displayed a low power time-based designing a serial data link to increase the
serial link employing a PPM modulation number of transmitted bits  without
technique. The presented architecture utilizes complicating the link and to low power
only one modulation approach and separates consumption.

the clock from the data then they are
transmitted over two separate channels. The
introduced architecture in [8, 9]overcomes the
disadvantages of other serial links. The PPM
technique has many benefits over the PWM
such as power consumption, achievable data

This paper is organized as follows:
Section Il shows the design details of the Dual
Pulse  Position  Modulation (DMPPM)
architecture, Section Il shows the simulation
results for the proposed link. Finally, section
IV concludes the presented work in this paper.

Input Bits Output Bits
PPM Tx PPM Ex
CLK
— PPM IDC
CLK TIx CLK Rx
Transmitter Receiver

Fig.2.The block diagram of the PPM-TDC serial link [8,9].

II. DESIGN DETAILS increasing the total number of transmitted bits
] without significantly affecting the modulated
The proposed DMPPM approach is signal bandwidth compared to other PPM

shown in Fig. 3 and Fig. 7. The approach of approaches. the benefit of the proposed
the proposed link is based on using a two- architecture is enhancing the time resolution
pulse position modulator (PPM) circuits as a in scaled CMOS, instead of a miserable
transmitter and a two time-to-digital converter voltage resolution. The proposed link utilizes
(TDC) as a receiver. In the proposed uncomplicated circuitry which leads to less

the input clock signal are modulated number of transmitted bits.

independently. The proposed link allows
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Fig.3.The block diagram of the transmitter side of the proposed architecture.

A. The Transmitter Circuit

As shown in Fig.3, the transmitter of
the proposed approach utilizes the generation
of one signal with both edges modulated. Two
hierarchal PPM circuits are used in the
transmitter  circuit design which  were
presented in[13]due to its advantages related
to power consumption, circuit simplicity, and
single-cycle-latency.

Generally, in the PPM circuit, the input
data is encoded into a time difference between
the positive or negative edge of the clock
pulse and the positive or negative transition of
the PPM output pulse, respectively. The
positive edge of the input clock signal is
modulated by the first PPM circuit according
to input set of data (N1 bits) while the
negative edge of the input clock signal is
modulated by the second PPM circuit
according to input data (N2 bits).

—T/2—ple—T/2—>

@

Fig. 4: The eye diagram of the input and the
output signals of the PPM circuits. (a) The input
clock signal with 50% duty cycle, and (b) The
generated data signal from the main clock signal.

Fig. 4 shows the timing diagram of a
clock signal with the period of T and 50%
duty cycle where the rising edge is modulated
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over the time Tepm-1and the falling edge is
modulated over the time Tppm-2, respectively.
The move in time that occurs to the positive or
the negative edge of the input clock signal
according to the input data sequence is called
the time resolution t,. Each positive edge can
be at one of (2V1) possible positions within
the allowed time spacing Tpppm-1according to
the input data sequence N1. In the same way,
each negative edge can be at one of (2V?)
possiblepositions within the allowed time
spacing Tepwm-2 according to the input data
sequence N2.

For a given binary data sequence
which presented in table 1, where BO is the
LSB and BN-1 is the MSB, the delay values
are encoded for bit Bi as follows:

Edge delay assignment=2xixt,. xB.

1)

Where i = 0: N-1. If any B value is zero, no
delay is assigned.
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Table 1. The delay assignment for n bits [12].

Total delay
Bn. | B | eeeeeen B, | B1 | By | assigned to
1 2 the clock
edge
0| 0 |..... 00O 0
0| 0 |..... 001 t;
0| 0 |........ 0j1]|0 2t
0| 0 |..... o011 3t
1|10 |........ 110 |1 |txyN4B; %
2
11 |2 ]o] 1] tx@3
1 1 |....... 1111]0 tx(2N-2)
1|1 |...... 11111 tx(2"-1)

Table 1 shows the total amount of the
delay assigned to either the rising or falling edge of
the input clock signal for N bits input data set
(Bo:Bn-1)  with  all  probable  binary
combinations. This hierarchical mapping of
delay assignments assures a one-to-one
mapping of data codes to delay values. In
another meaning, any data code combination
always results in an exclusive delay
assignment.  Consequently, the DPPM
architecture is designed ensuring the recovery
and the decoding of DPPM signals with the
highest possible delay resolution ¢,..

Fig. 5 depicts the PPM circuit which is
used in the transmitter side and presented in
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[13]. As illustrated in Fig.5, the number of
stages is equal to the number of transmitted
bits with the delayed assignment. A reference
clock signal is fed to the hierarchical delay
structure. Each level has a delay element
calculated as described in the following
equations:

t, = Tppm_1/2Nt , for the positive edge.

(2)
And

t, = Tppm_o /22 for negative edge.

©)

Where Nland N2 are the number of
transmitted bits usingthe positive and the
negative edges of the input clock, respectively.
TPPM-1 and TPPM-2 can be chosen to be
equal, in such a case: N1=N2, hence the total
number of transmitted bits is: N =2 X N1 =
2XN2

According to equations (2, 3) the clock
edge is shifted according to the input data
sequence. When the multiplexed input bits are
all 0’s, the time difference is zero.
Alternatively, the maximum time difference
occurs when the input bits are all 1’s.
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Fig.5. The PPM circuit diagram.

As indicated in Fig.5 the number of stages is
equal to the number of transmitted bits with
the delay assignment calculated according to
equations 2 and 3. The proposed link uses two
PPM circuitsone of them to modulate the
positive edge of the input clock according to
transmitted bits N1 and the other isto
modulate the negative edge of the input clock
according to transmitted bits N2 and they
generate two PPM signals one of them for the
modulated positive edge and the other is for
the modulated negative edge and they have
non-modulated edges as indicated in Fig.
6(c),(d),respectively. To fix the position of the
non-modulated edges of each signal, each
PPM output signal and it's reference clock (clk
out) are fed to an AND gate, as shown in Fig.
3.The output signal from each AND gate are
indicated in Fig.6(e),(f), respectively. To

combine the output signal of the PPM circuits
after extracting the modulated edges using
AND gate, an OR gate is deployed as shown
in Fig. 3. The output signal from OR gate
represents the transmitted signal with both
modulated positive and negative edges and
shown in Fig. 6(g).Fig. 6 shows the generation
of the transmitted signal. Fig. 6 (a), (c), and
(e) shows the process of modulating input data
on the rising edge of the clock. On the other
hand, Fig. 6 (b), (d), and (f) indicates the
modulating input data on the falling edge of
the clock. Before sending the modulated data,
to compensate the channel attenuation, an
output stage circuit is applied. This circuit
cancels the distortion caused by the channel
and improves the transmitted data signal
integrity especially in the long transmission.

[ WL

(a) (b)

_

() ®

1

(c) (d)

(a)

Fig. 6: Transmitted signal generation.(a) The input clock signal, (b) The inverted clock signal, (c) The eye
diagram of the PPM_1 output signal,(d) The eye diagram of the PPM_2 output signal, (¢) The eye diagram of
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the PPM_1 output signal at the end of the AND gate, (f) The eye diagram of the PPM_2 output signal at the
end of the AND gate and (g) The eye diagram of the data signal at the end of the OR gate.

B. The receiver circuit
Output bits (N1)

Data Rx T TT
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Data Rx /g TDC_1
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L

Fig.7.The block diagram of the receiver side of the proposed.

The receiver of the proposed approach which consists of six differential amplifier
shown in Fig.7.The received signal is detected stages. The inputs are terminated in 50Q
and amplified by a comparator circuit at the because of matching the input resistance of
first stage of the receiver circuit.Fig.8shows the comparator circuit to the FR-4 channel
the circuit diagram of the comparator circuit, resistance.

Tt t* 1T T 71
§ 3 % RS ETIxE

-
B

Kﬂﬁt r'FﬁHr'Hr'

Fig.8. The comparator circuit [12].

The second stage is a TDC circuit which is between the rising edge of the inverted data
used to convert the time difference between signal and the rising edge of the clock pulse
the rising/falling edges of the data signal and signal into a binary code N2 similar to the
the reference clock into a digital code. Then, transmitted code.

the digital code is decoded into a binary
sequence which emulates the original data
encoded at the transmitter. Two TDC circuits
are used in the receiver circuit: TDC 1
converts the time difference between the
rising edge of the data signal and the rising
edge of the clock pulse signal into a binary
code N1 similar to the transmitted code.
While TDC 2 converts the time difference

A multiplicity of research related to TDC
implementation techniques has been executed
such as in [14-16]. A fine resolution TDC
design is used in the receiver design which is a
modified version of a single-cycle-latency
circuit explained in [16]and is shown in
Fig.10. The TDC implementation is split into
two junctures, one of them called signal
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propagation and the other called data
decoding. The two junctures work in parallel,
with the signal-generation lobe processing the
encoded data edges whereas the decoder lobe
permanently likens the reference clock edge
with the processed data signal edges. The
selection of the delay values specified to each
delay element was prepared to cover all
possible delay repetitions but in a hierarchical
style. For producing signal transition history
before and after all delay elements an XOR
gate is applied between various levels in the
delay hierarchy. Due to the XOR gate output
signal pulse width equals to half of the XOR
gate input signal pulse width, a modification

PPAL Sigmal

has been presented because the data signal
pulse width for some codes is not large enough
to propagate as the data signal to the XOR
gate. This modification is obtained in [16] by
employing the data signal as the input data to
the D-type flip-flops and employing the clock
signal as a trigger clock for the same flip-flops.
Using two TDC circuits at the receiver of the
proposed link to recover the six transmitted
bits using the proposed method, simplifies the
circuit design. If we are using only one TDC
circuit to recover the six transmitted bits this
will make the design suffer from complexity
and a lot of power consumption.

Clock: Signal e——]

Buffers

|

B

Fig.9.The block diagram of the TDC circuit [16].

I11. SIMULATION RESULTS

Using Cadence tools in a mixed signal
130 nm CMOS process, a 6-bit 4.8 Gbl/s
DMPPM link has been designed and
simulated. The DMPPM link utilizes an input
clock frequency of 800 MHz. The transmitter
and the receiver circuits have been designed
using the circuits shown in Fig.3 and 7.

In the 6 bits 4.8 Gb/s link, N1 and N2
have been chosen as: N1 = N2 = N/2 = 3.
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Hence, the total number of transmitted bits is
increased to (N1 + N2) using the same input
clock frequency. Since T=1.25 ns, the
designed time resolution of the link is then t, =
45 ps. Fig.10shows the transmitter waveforms.
The waveforms are the same as expected as
the waveforms illustrated in Fig. 6. It is clear
that the rising and the falling edges of the data
pulse are spacing equally as designed. Fig.10
(@ and (b) indicate the input and inverted
clock signals separately. Fig.10(c) and (d)
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illustrate the PPM output signals and indicate
that both edges have been modulated in a
separate PPM circuit. Fig.10 (e) and (f)
indicate the PPM output signal at the end of
the AND gate. They illustrate that each signal
has one modulated edge and the other edge is
not modulated. Fig.10 (g) indicates the OR
gate output signal, which illustrates that both
the positive edge and the negative edge have
been modulated independently and jointed in
one signal. Fig.10(g) illustrates that there are 8
positive edge transitions indicating the

v

||||||||

VoD
v

probable combinations of the 3 input bits
represented by N1, which are (000, 001,
...... and 111) and 8 negative edge transitions
indicating the probable combinations of the 3
input bits represented by N2, which are (000,
001, ...... and 111). Hence, the total edge
transitions are equal 16 edges. This indicates
that the total transmitted bits are increased
without complicating the proposed link. The
positive or negative transitions are spaced by
45 ps.

L= -25
75 1.0 128 o 25 5 75
5 tirme ¢nsy

5 75
time (ns)

Fig.10. The simulated signals.(a) The input clock signal,(b) The inverted clock signal, (c) The PPM_1 output
signal, (d) The PPM _2 output signal, €) The PPM _1 output signal at the end of the AND gate, (f) The PPM
_2 output signal at the end of the AND gate and (g) The DMPPM transmitted signal.

Fig.11 shows the received signal at the output of the 20-inch FR4 channel and before the comparator

circuit.

375

325 \
7// \\\:\\\\
Z el 1///, NN
> 250l 111/ N\ \
111/
1751‘ ! |

’ time (ns)

Fig.11.The eye diagram of the received signal at the end of the channel.

While Fig.12 shows the received signal
at the output of the comparator circuit. At the
end of the comparator circuit, the TDC circuits

convert the time difference between signal
edges into binary codes.
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Fig.12.The eye diagram of the received signal at the end of the comparator circuit.

A comparison between the proposed
link and a different serial link in terms of the
number of transmitted bits, modulation

technique, the power consumption, input clock
frequency, and the channel length.

Table 2. Comparison table between the designed DMPPM link with other published work.

Thiswork | Ref [17] Ref [18] Ref [5]
2008 2016 2013
Modulation
technique DMPPM PWAM | PAM-PPM PAM
Input clock
frequency 800MHz 250 MHz 800MHz 2.5GHz
Date rate 4.8 1 4 10
Gbh/s Gb/s Gb/s Gb/s
Tx and Rx
Power 100mwW 131mwW 90mw 425mw
consumption
Channel Length 30 inch 12 inch 20 inch 27 inch
Vdd 1V 1.2V I\ 2V/3.5V
CMOS 130 nm, 180 nm 130nm 180 nm
Technology

Table 2 shows an accomplishment of
the proposed transceiver with other propagated
serial data links. The proposed transceiver
realizes the highest bit rate over symbol rate.
In addition to the input clock frequency signal
which used in the proposed transceiver is
small. As a result, the transmitted signal
occupies lower bandwidth than the other serial
data links. Although the Authors in [17] uses
smallest input clock frequency signal than in
the DMPPM link but the data rate in [17] is
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very small compared to the data rate in the
DMPPM link. Authors in [5] achieve higher
bit rate. However, a complex clock recovery
system must be used in the receiver because of
the non-return to zero nature of transmitted
date. This causes an increase in the power
consumption. It must be recognized that the
number of the serialized bits in the proposed
transceiver can be increased without
complication.
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Iv. CONCLUSION

A Dual Modulation pulse position
modulation (DMPPM) architecture has been
proposed in this paper that increases the total
number of transmitted bits  without
significantly affecting the transmitted signal
bandwidth.  The  proposed  architecture
modulates both the rising and the falling edges
of the input clock signal, which increases the
total number of transmitted bits per symbol.
The data signal and the clock signal are
transmitted over two separate channels. An
example of 6-bit 4.8Gb/s DMPPM-TDC link
has been designed and simulated in 130nm
CMOS using 800MHz as an input clock
signal. The simulation results were presented.
A comparison between the designed link and
other serial links architectures in terms of the
number of transmitted bits, the modulation
technique, the power consumption, input clock
frequency, and the channel length. The
proposed link showed an improved
performance over other serial links..
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