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Executive Summary
This document describes the VHDL model of the plasim interconnect. It starts with a brief

introduction to the approach used for developirgrttodels and with a general description of the
system as a whole, then a description of the beh&al models of each building-block is given.
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1. Introduction

The approach followed for the VHDL modelling of tRéasmonic Interconnect is of top-down
type, that is to say starting from a specificatarhigh-level of abstraction, where it is expected
to use some components properly connected betwssm, teach individual component is
specified and modelled individually.

The top-level design consists of the following setcks connected in cascade:

the modulator driver

the laser

the plasmonic waveguide

the plasmonic amplifier

the plasmonic photodetector

the TIA (Trans-Impedance Amplifier)
the CRC (Clock Recovery Circuit)

VVVVVYVYY

The block diagram, shown in the following figureflects the structural description of the
plasmonic_interconnect entity as reported in th@asmonic_interconnect_ent.vhd file; this entity
also includes the analog blocks, present in thesiréiter and in the receiver, and the digital
Clock Recovery block.

In vhd language aentity describes a black box, defining its inputs andoots together with
their type but it gives none information about thiernals of the circuit. The uppermost level of
the design is theop-level entity which contains lower-level entities: it'sheerarchical design as
above. The function and/or structure of an enstyléscribed by one or multipéchitectures
[1][2].

The transmitted data through the plasmonic intereonis a 30 bits serial data and the proposed
VHDL model concerns a single bus of the four that@esent in Navolchi demonstrator.

Digital
Serial Clock Digital
Data - Mod_ulator TIA 3 Recovery 5 Serial
Driver Circuit N Data
Ll
Recovered
clock

O Digital
O Analog
B Plasmonic

Figure 1-1 : Plasmonic Interconnect Block Diagram (Top-level)

In the plasmonic interconnect VHDL model we useREAL type for the current and optical
power representations. Like this it's possibderepresent numbers out of the range of integer
values as well as fractional values.
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2. Modulator Driver

This block has the task to generate the currergldev order to modulate properly the light
emitted by the laser, starting by the stream o lihich have to be transported through the
plasmonic interconnect.

The modulator_driver entity has astd _logic type as input (hamedig_in) and a REAL type as
output (hamed@nalog_out). It is shown in the following figure.

—dig_in analog_out f—m—mo

Figure2-1: Modulator Driver Entity

In the architecture ofmodulator_driver entity we declared three CONSTANT values which
represent the current generated according to tigabinput which can be a logic ‘1’, a logic ‘0’
or simple noise, i.e. input signal absence (U’)

VHDL has many possible representations for sinfiiactionality. To describe the functionality
of a modulator_driver we used grocess statement: an event ordig_in, which represents its
sengitivity list, causes the process statement to be executed.

Themodulator_driver behavioural model is summarized in the followiaglée.

dig_in|analog_out
iy | high
0’ I low
U | dark

Table2-1: Behavioural Table

2 An input signal not explicitly initialized takesidhe most left value of its type and for e logic type it is ‘U’
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3. Laser

This block acts as a current-to-optical power corre taking the current generated by the
modulator driver and generating a proper opticalgro

The laser entity has a REAL type as input (nameatrent_in) and a REAL type as output
(namedpower_out). It is shown in the following figure.

—{CUFrEnt_IN POWET _OUT j—

Figure3-1: Laser Entity

Also in this case, in the architecture of tlaser entity we defined the reference values for
currents and optical powers as CONSTANT and thewehral model is described by following
table.

current_in power_out

> hign Phign
> Idarl< I:)Iow
other values Pyark

Table3-1: Behavioural Table
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4. Plasmonic Waveguide

This block has the task to transmit the optical ow
The plasmonic_waveguide entity has a REAL type as input (nanpemver_in) and a REAL type
as output (namegower_out). It is shown in the following figure.

—{pOWEr N POWET _OUT —

Figure 4-1: Plasmonic Waveguide Entity
Considering the signal delay and the energy disisipger transmitted bit introduced by the

plasmonic waveguide, we definedass (G < 1) and alelay as CONSTANT values and so the
output signal is reduced in amplitude and reta®dpared to input signal.
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5. Plasmonic Amplifier

Plasmonic devices are lossy and the task of thdif@@ngblock is to amplify the input optical
power.

The plasmonic_amplifier entity has a REAL type as input (namamver _in) and a REAL type
as output (namegower_out). It is shown in the following figure.

——power_in  power_outf——m

Figure 5-1: Plasmonic Amplifier Entity

In the architecture oplasmonic_amplifier entity we defined again (G >1) as CONSTANT
value.
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6. Plasmonic Photodetector
This block acts as an optical power-to-current euter, taking the optical power generated by
the plasmonic amplifier and generating a curreptagenting a high level optical power, a low

level optical power or simple noise (i.e. inputrebabsence).
The plasmonic_photodetector entity has a REAL type as input (namieght power in) and a
REAL type as output (namexirrent_out). It is shown in the following figure.

— light_power_in

current_out p——

Figure 6-1 : Plasmonic Photodetector Entity

In the architecture oplasmonic_photodetector entity we defined the reference values for

currents and optical powers as CONSTANT.
The plasmonic photodetector behavioural modelsrsarized in the following table.

light_power _in current_out
> Phigh high
> F)dark IIow
other values | gark

Table6-1: Behavioural Table
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7. TIA (Trans-Impedance Amplifier)

This block acts as a current-to-voltage conver&kjng the photocurrent generated by the
plasmonic detector and generating a proper voltapeesenting a logic ‘0’, a logic ‘1’ or simply
noise (i.e. no detection).

The TIA entity has a REAL type as input (namedrent_in) and a std_logic type as output
(namedvoltage out). It is shown in the following figure.

current_in

voltage out j—

Figure7-1: TIA Entity

In the architecture oflA entity we defined the reference currents as CONST Aalues. The
digital output is ‘1’, ‘0O’ or ‘U’ in accordance wht the following table which summarizes the
behavioural model of the TIA.

current_in voltage out
> Ihigh iy
> Idarl< 0

other cases ‘U’

Table7-1: Behavioural Table
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8. CRC (Clock Recovery Circuit)

Serial data stream could have multiple interpretatin the Receiver as shown in the following
figure.

Signal —

Signal — . ! —

Figure 8-1. Example of doubleinterpretation of one and only signal

There is need to recover the clock from the datast and to use it to sample the data in order
to extract the individual data bits. This task asried out by &lock Recovery Circuit. It allows

the Receiver to regenerate serial data with theeséwbit errors and to obtain a correct
interpretation of itself.

To describecrc entity we used a structural model in which someceniponents, that perform
smaller operations of the complete model, are mistee [1].

This description uses three lower-level componemtaodel the behavior of the CRC:

* an edge detection circuit component;
* acounter component;
» a D-flip flop component.

Thecrc top-level is shown in the following figure.

edge_detection counter D-FF

serial_in  edge_det | — ——— edge clock_out

cre

serial_data recov_serial_data

clk_rx

clk
clk_data |

Figure8-2: CRC Top-level
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Its inputs are:
» serial_data declared astd logic type;
» clk data declared astd logic type. It's the clock of transmitted serial data.

Its outputs areecov_serial_data andclk rx, declared astd logic types.

Theedge detection entity has atd_logic typeas input (namederial_in) and astd logic type as
output (nameedge _det). Its functionality, described in the architectoifeedge detection entity,

is to generate a pulse when ‘0’ to ‘1’ or ‘1’ to ‘Wansition of the incoming data occurs. Edge
detection circuit is similar to a Phase Locked L@BpL) device detecting Phase Changes [3].
To describe this block we used a structural modelisisting of three INVERTER gates, a
NAND gate e two D-flip flop.

The edge detection circuit top-level is shown ia fibllowing figure.

edge_detection Ve

o

VCLD PRN (] ‘ >0

”ser’r'aF_f.n I> J C'{FN
Vccé)

D PRN G
>

CLRN

?

: edge_det

Vec |

Figure 8-3: Edge Detection Circuit Entity (Top-level)

The upper flip-flop generates a pulse from a negatiansition of the incoming data, while the
lower generates a pulse from a positive transifidre logic high propagates to the flip-flop’s Q
output pin, then through the inverter gate and biackhe flip-flop’s asynchronous clear pin
(CLRN) which will asynchronously reset the flip4fldout only after the combined propagation
delay of the inverter and the flip-flop has occdrf8]. Pulse width depends on this delay.

The second block contains a 3 bit counter whosekcdignal is approximately 8 times the data
rate and the MBS of its output is used as the Sagploint of data. This is approximately in the
centre of the data bit. Moreover, an input traositjets reset the counter.

The counter entity has twostd logic types as inputs (respectively namedge and clk), a
std_logic type as output (namextk_out).
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counter

Edge
g clk_out

clk
Figure 8-4: Counter Entity
If an edge signal occurs, the counter is resey elilhere are successive bits of the same states,

the counteffree-runs and continues to sample the data correctly [3 #hown in the following
figure.

Data

Edges

I N

Counter 01234560123456701234

Figure 8-5: Example of the counter functionality

Then the output of Sampling Circuit is the cloogrsll for a D-flip flop, which is the last block,
to regenerate the real content of the data as shotie following figure [3].

Data
Recovered ‘
Clock _ |

Figure 8-6: Example of a CRC output signal

v
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9. Conclusion

The above document presents a VHDL behavioural moflea Plasmonic Interconnect.
Traditionally to recover the clock from a seriatalatream uses Phase Locked Loop (PLL) [3]
but, in order to be implemented with FPGA, we prgab a purely Digital Method of Clock
Recovery. In particular, it's the same used insale Universal Asynchronous Receiver
Transmitter (UARTY devices. The next step of the work will be to simulations of these
VHDL models.

% They traditionally have a Sampling Clock thatésTimes the Data Rate [3].

Confidential document — page 14



FP7-1CT-2011-7 Milestone Report

Project-N0.288869 Last update 01/31/2014
NAVOLCHI — MS6 Version 1
References

[1] VHDL: Programming by Example. Douglas L. PefjcGraw-Hill
[2] Digital System Design with VHDL, Mark ZwolinskPearson Prentice Hall
[3] http://www.twyman.org.uk/clock_recovery/

Confidential document — page 15



